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Table L. Data collection and refinement parameters for Kg 5(;)Nay 3 gliyg and K;sNaglnsg.
Formula Kg.22)Nay3 glngg K,sNaglnsg
Formula weight 51158 52484
Crystal size, mm 0.3x0.2x0.05 0.15x0.2x0.08
Lattice parameters:®
a, A 16.620 (3) 17.69 (1)
b A 17.028 (5)
c. A 42.904 (8) 24.82 (1)
v, A 10263 (5) 7476 (9)
Space group, Z R3m, 6 Pnma, 4
d(calc.), g cm™ 4.97 4.66
p(Mo—Kar), cm! 132.56 124.79
Transmission range 0.8723-1.0962 0.6695—-1.0575
Diffractometer CAD4 Rigaku AFCG6R
Radiation Mo—Ka (A = 0.71069 A) graphite-monochromated
Temperature, °C 23 23
Octants measured th, k, | h, k, I
Scan method w—06 w—20
26,,0x 50° 50°
Number of reflections:
measured 6350 14419
observed (I = 3o 4686 2320
unique 1674 1150
Number of variables 117 244
RiR,° % 3.8;53 48; 49
Ryver % 54°¢ 4.1
Goodness of fit indicator 1.97 1.08
Maximum shift/c in final cycle  0.00 0.00

Largest peaks in final AF map

Secondary ext, coeff,

+2.86 ¢/A? (148 A from In10)
-3.43 ¢/A3
1.4(5) x 107°

+1.91 ¢/A3 (1.96 A from In20)
-1.73 ¢/A3
4(1) x 10”?

Room temperature Guinier data with Si as an internal standard (A = 1.540562 A).
b R = ZIF| = IF/ZIF,; R, = [EW(F,| = IF)/Zw(F )*]'2; w = op2.

¢ All data
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Table IL. Positional and thermal parameters for Kg 5(5)Na, 3 gliiag.

Atom N X y z B,y  Occupancy

IN1 36i 0.15976(6) 0.49187(7) 0.00020(2) 2.50(3)

IN2 36i -0.00006(6) 0.34433(6) 0.03596(2) 1.95(3)

IN3 361 0.00205(6) 0.18754(6) 0.06971(2) 1.65(3)

IN4 18h 0.12984(4) 0.2597 0.87641(3) 1.865(2)

INS 18h 0.22829(4) 0.4566 0.85361(3) 1.870(2)

ING6 i1sh 0.55111(4) 1.1022 0.94196(3) 1.754(4)

IN7 18h 0.44799(5) 0.8960 0.94200(3) 1.740(5)

INS 18h 0.39665(4) 0.7933 0.88347(3) 1.465(7)

INS 18h 0.22851(4) 0.4570 0.15387(3) 1.344(5)

IN10 18h 0.39395(4) 0.7879 0.11607(2) 1.181(5)

Kl 6c 0 0 0.8703(2) 3.0(2)

K2 36i 0.6230(2) 0.6239(2) 0.12206(7) 2.7(1)

K3 18h 0.2055(4) 0.4110 0.0742(1) 2.70(8) 40(3)%

NAl 18h 0.2055 0.4110 0.0742 2.70 60%

NA2 6c 0 0 0.0391(3) 2.1(3)

NA3 6c 0 0 0.2860(3) 2.7(3)

Na4 6c 0 0 0.3789(3) 2.4(3)

NAS 18h 0.1271(3) 0.2543 0.9992(2) 2.99(6)

NA6 igh 0.4491(3) 0.8982 0.8104(2) 2.78(4)

NA7 18h 0.2103(3) 0.4205 0.9295(2) 2.59(6)

Atom Un Uz, Us; Uiz Uis Uzs
IN1 0.0280(4) 0.0425(5) 0.0287(4) 0.0208(3) -0.0008(4) -0.0006(4)
IN2 0.0362(4) 0.0222(4) 0.0202(4) 0.0180(3) -0.0000(3) 0.0020(3)
IN3 0.0177(4) 0.0198(4) 0.0267(4) 0.0105(3) 0.0033(3) 0.0052(3)
IN4 0.0170(4) 0.0170 0.0180(5) -0.0057(7) 0.0009(5) -0.0009
INS 0.0168(4) 0.0168 0.0181(5) -0.0062(8) 0.0020(5) -0.0020
ING6 0.0230(4) 0.0230 0.0172(5) 0.0089(6) -0.0048(5) , 0.0048
IN7 0.0216(4) 0.0216 0.0187(5) 0.0076(7) 0.0030(5) -0.0030
INS 0.0185(4) 0.0185 0.0207(5) 0.0108(6) 0.0012(5) -0.0012
INS 0.0124(3) 0.0124 0.0203(5) 0.0018(6) 0.0003(5) -0.0003
IN10 0.0131(3) 0.0131 0.0166(5) 0.0049(5) -0.0006(5) 0.0006
K1l 0.026(2) 0.026 0.059(5) 0.013 0 0
K2 0.032(1) 0.032(1) 0.043(1) 0.019(1) 0.007(1) 0.003(1)
K3 0.042(2) 0.042 0.039(3) 0.037(3) 0.002(4) ~-0.002
NAl 0.042 0.042 0.039 0.037 0.002 -0.002
NA2 0.014(4) 0.014 0.054(8) 0.007 0 0
NA3 0.033(4) 0.033 0.035(7) 0.017 0 0
NA4 0.029(3) 0.029 0.033(6) 0.017 0 0
NAS 0.047(3) 0.047 0.032(4) 0.033(4) 0:000(3) -0.000
NA6 0.028(2) 0.028 0.041(4) 0.007(4) 0.004(4) -0.004
NA7 0.042(2) 0.042 0.030(4) 0.033(3) 0.004(3) -0.004
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Table II1. Distances to ncarest ncighbors about cach atom in Kg ;Na, 4 glngg dIn-In S 40 A,
dppNak S 4.5 A, dg ok Na S 45 A).

Inl InS Inl0 Na3
Int 2.864(2) In4 2.998(2) In6 2.950(2) 6 Inl 3.542(7)
Inl 2.926(2) Ind 2.811(2) 2 In9 3.085(1) 3 In7 3.332(2)
In2 2.985(1) 2 In8 2.932(1) In9 3.003(2) 3 In8 3.48(1)
In2 2.992(1) 2 Ini0 3.022(2)
Iné 2.997(1) [ 4 3.897(6) Nad 3.99(2)
In? 3.003(1) 2 K2 3.507(3) 2 K2 3.676(3) 3 Na7 3.680(9)
2 Na6 3.689(6) 2 K3 3.66(1)
K3 3.673(6) Na? 3.298(7) Nad 3.4%1) Na4
Na3 3.542(7)
Na4 3.490(7) In6 K1 6 Inl 3.490(7)
Na5 3.708(8) 3 In6 3.369(2)
Na7 3.508(6) 2 Inl 2.997(1) 6 In3 4,028(5) 3 Inio 3.4%1)
2 In2 3.124(1) 3 Ind 3.747(2)
In2 In? 2.969(2) 3 In§ 3.897(6) 3 K3 3.88(1)
Inl0 2.950(2) 3 I8 4.159(8) Na3 3.99(2)
Inl 2.864(2)
Inl 2.926(2) 2 K2 3.725(3) Na2 3.89(2) Na$§
In2 3.085(2) 2 K3 3.584(7) 3 Na6 3.387(8)
In3 2.997(1) Nad 3.369(2) 2 Inl 3.708(8)
In6 3.124(1) K2 2 In2 3.516(5)
In7 3.134(1) In? 2 In2 3.484(5)
In2 3.733(3) 2 I3 3.523(7)
K2 3.733(3) 2 Inl 3.003(1) In3 3.875(3) 2 In3 3.492(7)
K3 3.437(4) 2 In2 3.1341) In4 3.561(3)
Na$ 3.516(5) In6 2.969(2) InS 3.507(3) K3 3.93(1)
Na$ 3.484(5) In8 2914(2) In6 3.725(3) 2 Na2 4.041)
Na?7 3.403(4) In7 3,748(3) 2 NaS 3.661(9)
2 K2 3.748(3) In8 3.633(3) Na7 3.83(1)
In3 Na3 3.332Q2) In9 3.660(3)
2 Na7 3.470(5) n9 3.592(3) Na6
In2 2.997(1) In10 3.676(3)
In3 3.151Q2) In8 2 I3 3.579(7)
In3 3.049(2) K2 4.021(6) 2 Ind 3.656(4)
In4 2.994(1) 2 InS 2.932(1) K2 4.104(6) 2 In5 3.689(6)
In? 2.914(2) K3 3.764(5) In8 3.480(8)
K1 4.028(5) 2 In8 3.157(2) Na6 3.847(7) In9 3.275(8)
K2 3.875(3) Na6 3.869(6)
K3 3.56(1) K1 4.159(8) Na7 3.895(5) K1 3.387(8)
Na2 3.367(5) 2 K2 3.633(3) 2 K2 3.847(7)
Na$ 3.523(N Na3 3.48(1) 2 K2 3.869(6)
Na5 3.4927) Na6 3.480(8) K3 K3 3.95(1)
Na6 3.579(7) 2 Na7 3.650(7)
Na? 3.732D) 2 inl 3.673(6) Na?
In9 2 In2 3.437(4)
Ind 2 3 3.56(1) 2 Inl 3.508(6)
2 In9 3.21(1) 2 Iné 3.584(7) 2 In2 3.403(4)
2 Imd 3.049(2) 2 Inlo 3.085(1) In9 3.481(6) 2 I3 3.7321)
InS 2.998(2) In10 3.003(2) 2 Inio 3.66(1) InS 3.298(7)
InS 2.811(2) 2 In7 3.470(5)
2 K2 3.660(3) 2 K2 3.764(5) 2 In8 3.650(7)
K1 3.747(2) 2 K2 3.592(3) Nad 3.88(1)
2 K2 3.561(3) K3 3.481(6) Na5 3.93(1) 2 K2 3.895(5)
2 N6 3.656(4) Naé 3.275(8) Na6 3.95(1) Na3 3.680(9)
Na?7 3.248(8) Na$ 3.83(1)
Na2
6 In3 3.367(5)
K1 3.89(2)
Na2 3.36(3)

6 Nas 4.04(1)
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Table 1V. Positional and isotropic cquivalent displacement parameters for K;sNagln,g.
Atom N X y z Beg
In(l) 8d  0.8552(4) 0.5767(5) 0.9626(3) 1.9(4
In(2) 8d 1.1862(4) 0.3372(5) 0.8312(3) 1.6(3
In(3) 8d  1.1866(4) 0.0959(6) 0.7160(3) 1.4(3
In(4) 8d  1.4296(4) 0.5934(5) 0.9906(3) 2.6(4
In(5) 8d  0.8356(4) 0.0965(6) 0.7086(3) 1.7(4
In(6) 8d  1.0044(5) 0.5784(3) 0.8925(2) 1.8(2
In(7) 8d  1.0945(4) 0.4255(5) 0.9173(3) 1.8(4
In(8) 8d  0.8367(4) 0.3406(5) 0.8260(3) 1.2(3
In(9) 8d 0.7075(4) 0.6581(5) 0.9272(3) 1.8(3
In(10) 8d 0.9191(4) 0.4272(5) 0.9140(3) 1.4(4
In(ll) 8d  1.2888(4) 0.6575(5) 0.9408(3) 1.8(4
In(l2) 8d  1.1435(4) 0.5781(6) 0.9705(3) 1.9(4
In(13) 8d 0.5701(4) 0.5561(4) 0.9426(3) 2.8(4
In(14A) 4c  0.6469(5) 3/74 0.7318(4) 1.8(5
In(14B) 4c  0.7363(6) 3/74 0.8263(4) 1.8(5
In(1l5) 8d 1.0097(4) 0.6527(4) 0.7808(2) 1.8(3
In(l6) 8d 0.9970(5) 0.6629(3) 0.9989(2) 2.1(3
In(l7) 4c  0.9232(6) 174 0.7391(4) 1.7(5
In(18) 4c  1.1930(6) 1/4 0.6431(4) 1.2(5
In(19) 4c  0.8347(6) 1/74 0.6353(5) 1.7(5
In(20) 4c  1.0975(6) 174 0.7438(4) 1.3(5
In(21) 4c  1.1248(6) 174 0.5318(4) 2.2(5
In(22) 4c  0.8752(6) 3/4 0.7564(4) 1.8(5
In(23) 4c  0.7829(6) 3/4 0.6614(4) 2.1(5
K(1) 8d  0.828(1) 0.558(1) 0.8137(8) 1.9(4
Na(2) 8d  0.906(2) -0.080(2) 0.664(1) 1.6(6
K(3) 8d  1.282(1) 0.560(2) 1.0780(9) 3.9(6
K(4) 8d 0.809(1) 0.063(1) 0.5634(8) 2.1(4
K(5) 8d  0.513(2) 0.373(1) 0.8703(7) 3.4(5
K(6) 8d  1.011(1) 0.442(1) 0.7801(6) 1.7(3
K(7) 8d  1.195(1) 0.940(1) 0.8232(8) 1.9(4
K(8) 4c  0.991(3) 1/74 0.377(1) 5.2(8
K(9) 4c  1.014(2) 1/4 0.871(1) 2.4(6
Na(l0) 4c -0.177(3) 174 -0.046(2) 1.9(9
Na(ll) 8d 1.121(2) -0.084(2) 0.684(1) 1.3(6
K(12) 4c  1.192(2) 1/4 0.967(1) 2.5(7
Na(1l3) 4c -0.114(3) 174 -0.894(2) 1.6(9
Na(l4) 4c -0.899(2) 174 -0.892(2) 0.5(8
Na(l5) 4c  0.914(3) 174 0.511(2) 1.9(9

—— N et e e et e s et e e T e Y e S e s S Vo e ol et e i S il il Sl i Sk ot Sl i il St i il s
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Table V. Anisotropic displacement parameters for K, sNagln;g.

Atom Un U Uss Uy U3 Uss
In(l) 0.026(5) 0.022(7) 0.022(4) 0.002(4) 0.000(4) -0.000(5)
In(2) 0.021(4) 0.018(5) 0.022(4) 0.004(4) -0.003(4) --0.001(4)
In(3) 0.021(4) 0.016(5) 0.018(4) =-0.003(4) 0.006(3) -0.006(4)
In{4) 0.027(4) 0.030(5) 0.043(4) 0.005(4) -0.002(4) 0.005(4)
In(5) 0.021(4) 0.030(6) 0.016(3) 0.005(4) 0.002(3) 0.003(4)
In(6) 0.024(4) 0.021(3) 0.024(2) 0.004(4) -0.002(4) 0.002(3)
In(7) 0.017(4) 0.033(7) 0.018(4) 0.004(4) 0.006(3) 0.000(4)
In(8) 0.019(4) 0.012(S) 0.013(4) 0.002(3) -0.003(3) 0.006(4)
In(9) 0.024(4) 0.026(5) 0.018(3) -0.005(4) -0.004(3) 0.004(4)
In(10) 0.015(4) 0.016(6) 0.022(4) -0.005(3) 0.002(3) -0.003(4)
In(1ll) 0.020(4) 0.025(5) 0.024(4) 0.004(4) -0.001(3) 0.002(4)
In(12) 0.027(5) 0.029(7) 0.016(4) -0.010(4) -0.006(3) -0.005(4)
In(13) 0.036(5) 0.031(5) 0.038(4) -0.003(4) 0.008(4) 0.001(4)
In(14A) 0.015(6) 0.027(8) 0.027(6) 0 -0.007(5) 0
In(14B) 0.019(6) 0.025(8) 0.026(6) 0 -0.007(5) 0
In(15) 0.022(4) 0.021(3) 0.026(3) -0.005(4) 0.004(4) -0.001(3)
In(16) 0.033(4}) 0.018(3) 0.027(3) -0.001(5) 0.007(4) 0.004(2)
In(17) 0.019(6) 0.027(9) 0.018(6) 0 -0.002(5) 0
In(18) 0.023(6) 0.004(6) 0.017(5) 0 -0.010¢(5) 0
In(19) 0.010(6) 0.027(8) 0.029(6) 0 0.009(5) 0
In(20) 0.024(6) 0.012(7) 0.014(5) 0 0.002(5) 0
In(21) 0.045(8) 0.015(6) 0.022(5) 0 -0.001¢(6) 0
In(22) 0.024(6) 0.022(8) 0.023(6) 0 -0.002(5) 0
In(23) 0.033(7) 0.022(7) 0.023(6) 0 0.009(5) 0
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Table VL. Distances to nearest neighbors about each atom in K;sNaglngyg (41,1, S 4.0 A,
dinnek S 45 A dg N S 4.5 A).
Int Ins In9 Ini3 Int6
In6 3181 In2 3.04(D In) 3.0(1) In4 2.83(1) Inl 3.04(1)
In7 31D In3 3.23(1) In9 3.13(2) In4 3.04(1) In6 3.01(1)
In9 3.091) In8 3.10(1) In13 3.01(1) 19 3011 In7 3.04(1)
In10 3.041) In17 3.43() Inl4B  3.00(1) 0 3.04(1)
In2 3.12(1) In19 3.18(1) Na2 3.96(3) Inl2 3.05(1)
Inl6 3041 K1 391(2) K3 3.3203) Inl6 297D
K1 3.712) K3 3.7123) K4 3.69(2)
K1 3.74(2) Na2 3.4403) K4 3.76(2) KS 3.74(2) K9 3.56(2)
K3 3.50(3) K4 3.68(2) K8 4.03(5) K8 3.84(2) Nalo 3.71(5)
K4 3.84(2) KS 3.73(3) Nall  3.4003) Nall  33003) K12 3.76(3)
K12 3.542) K6 363(2) K12 3.54(3) Nals  3.73(2) Nal3  3.64(5)
Nal4 35203 K7 3.742) Nald  3.83(4) Nald  3.50(4)
Nals  3.38(4) InldA
In2 In6 Int?
In10 Inl4B  2.83())
In2 2.97(2) Int 3.1691) Inl5 2.95(1) 2 In§ 3.13(1)
In3 3.08(1) In10 3.03(1) Inl 3.04(1) 1n23 291 2 In8 3.09(2)
In5 3.0403) In12 3.13(h In6 3.03(1) Inl9 3.01(1)
In7 307N Inl5 3.05(1) In7 3.10(1) K? 3.60(2) In20 3.08(1)
In19 3.13() Inlé oun In8 306D K8 4.34(4)
In20 3.06(1) In12 3.08(1) Nall 3.55(3) 2 K5 3.78(2)
K1 3.7112) Inl6 3.04D Nal3 3.18(5) 2 K6 3.76(2)
K4 3.7%(2) K6 3.642) K9 3.64(3)
K6 3.7%) K7 37%2) Ki 3722 Ini4B
K7 3.81Q2) Nai3 3.51(3) K3 3.56(3) Ini8
K9 3.53(3) Nald  3.47(2) K6 3.712) In9 3.00(1)
K12 3.6703) K9 361(2) Inl4A 2.83(1) 2 In3 3.1
In7 Nalo 3.60(3) In22 30K 2 In8 3.07(1)
In3 In20 3.02(2)
Inl 3.11(1) Inil K1 3.65(2) In21 3.0
In2 3.08(1) In2 3.07(1) K8 4.20(5)
In$ 3231 In6 31D Ind 2.99(1) Nall  350(3) 2 K3 3.65(3)
In8 3.05(1) Inl0 3.00(1) Intl 3.15(2) Nal4 3.31(5) 2 K5 3.83(3)
In18 31N | Ini2 3.041) Inl2 3.00(1) Nald  33%5)
1n20 3.14(1) In16 3.041) In21 3.15(1) Inls
’ In23 2.99(1) In19
Ki 3.30(2) K4 3.82(2) In6 3.05(1)
K3 3.53(2) K6 3.722) Na2 3.57(3) Inl4A  295(1) 2 In2 3.3
K5 3.78(3) K7 3.73(2) K3 3.9%2) Inl$ 331N 2 In 3.18(1)
K6 3.55(2) K9 3.51(2) K4 3.78(2) In22 2.96(1) Inl7 loun
K7 3.7712) KI2 3.66(2) K7 3.74(2)
Natl 3.37(3) Nalo 3.64(4) 2 K4 3.672)
In8 Nal3 3.65(5) Kl 3.69(2) 2 K5 3.79(3)
Ind Na2 3.64(3) KI2 3.57(3)
In3 3.05(1) In12 K6 3.59(2) NalS  3.38(5)
Inll 2.99(1) InS 3.1 K7 3.78(2)
In13 2.83(1) In8 3.0%2) Inl KRvIgY} K8 4.25(3) In20
In13 3.04(D) In10 3.0K(D In6 3.13(1) Nall 3.32(3)
In21 3.01(1) In17 3.065(1) In7 3.04(1) Nal3 3.76(5) 2 In2 3.06(1)
. In18 301 in1d 3.08(1) Nald 3.77(4) 2 Ind 3.14(D
Na2 3.87(3) Inil 3.00(1) In17 3.08(1)
K3 3.45(2) Kt 3.7303) Inl6 3.05(1) Inl8 3.02(2)
K4 3.67(2) K3 3.60(3)
K5 3.642) K6 1.71(2) K3 3.63(3) 2 K5 3.83(2)
K8 4.13(3) K9 3.66(3) K4 3.88(2) 2 Ké6 3.71(2)
Nal5 3.88(4) Nalo 3.53(4) K7 3.78(2) K9 3.48(3)
Nalo 3.5303)
Nal3  3.520)
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Table VI. (continued)
In21 Na2 KS Ks K12
2 Ind 3011 ind 387(3) i3 3.78(3) 2 Ind 4.13(3) 2 Il 3.54(2)
2 Inll 3.15(1) Ins 3.44(3) Ind 31.64(2) 2 In9 4,03(5) 2 In2 3.67(3)
Inl8 3.01(1) inll 3.57(3) In§ 3.73(3) 2 Inl3 3.84(2) 2 In7 3.66(2)
nl3 3.96(3) Int3 3742 Inl4A 4.34(4) 2 9 3.54(3)
2 K3 3.81(3) Inl$ 3.64(3) In17 3.78(2) In14B 4.20(5) 2 Inl6 3.76(3)
2 KS§ 3.77(2) n22 3749 In18 3.83(3) 2 Inis 4.25(3) Inl9 3.57(3)
Nal0o 3.52(5) In23 3.61(3) In19 31.79(3) In22 4.07(4)
Nail5 3.76(5) In20 3.83(2) In23 4.12(5) 2 K4 3.86(3)
K1 3.98(3) In21 3.77Q2) K9 3.96(4)
K4 3.90(4) 2 Na2 3.57(4) Nal4 3.86(5)
in22 KS 4.10(4) Na2 4.10(4) 2 Naltl 3.77(4) Nai5 3.96(6)
K6 4.16(3) K4 4.11(3) Nai5 3.60(6)
Inl4B 3.0 K7 3.76(4) KS 4.19(4) Nal3
2 Inls 2.96(1) K8 3.57(4) K6 3.91(2) K9
In23 2.87(2) Nall 3.84(4) Nall 4.29(4) 2 In6 3.51(3)
Nal5 4.01(4) 2 In2 3.53(3) 2 Inll 3.65(5)
2 Ki 3.66(3) K} 2 In7 3.51(2) 2 Inl2 3.52(3)
2 Na2 3.72(3) Ké 2 In8 3.66{(3) Inl4A 3.18(5)
K8 4.07(4) Inl 3.50(3) 2 Inlo 3.61(2) 2 Inls 3.76(5)
Nal4 3.3%(5) In3 31.53(2) In2 3.79(2) 2 Inl6 3.56(2) 2 Inl6 3.64(5)
In4 3.45(2) In3 3.55(2) In17 3.64(3) In23 3.2%5)
In23 in8 3.60(3) In5 3.63(2) In20 3.48(3)
In9 3.72(3) In6 3.64(2) 2 K7 3.95(4)
2 Inll 29%1) Inlo 3.56(3) In7 3.72(2) 2 Ké6 3.96(2) Nal0 3.93(7)
Inl4A 2971 Init 3.7%2) In8 3.71(2) Nal0 3.95(6) Nal4 3.81(5)
In22 2.87(2) In12 3.63(3) In10 3.71(2) Ki2 2.96(4)
Inl3 3.323) Inls 3.592) Nal4
2 Na2 3.61(3) Inl8 3.65(3) In17 3,76(2) Nal0
2 K7 3.61(2) In21 3.81(3) In20 3.71Q2) 2 Inl 3.52(3)
K8 4.12(5) 2 In8 3.53(4) 2 In6 3.47(2)
Nal3 3.2%(5) K1 3.87(3) K1 3.90(3) 2 InlO 3.60(3) 2 In9 3.83(4)
K4 4.12(3) Na2 4.16(3) 2 Inn 3.64(4) In148 3.31(5)
K1 KS 4.02(4) K5 391(2) 2 Inl2 3.53(3) 2 Inls 3.74)
Nal0 3.81(4) K7 3.97(3) 2 Inl6 3.71(5) 2 Inlé 3.50(4)
Inl 3.74(2) Nall 3.99(4) K9 3.96(2) Ini8 3.32(5) In22 3.3%5)
i 3.70(2) Nall 3.91¢4) In21 3.52(5)
In5 3712 K4 Z KlI 4.003)
In6é 37102 K7 2 K3 3.81(4) K12 3.86(5)
In8 31733 Int 3.84(2) K9 3.95(6) Neal3 318K(5)
In9 391(2) In2 3.7%2) In2 3.81(2) Nal3 3.93(7)
Inl0 3.72(2) Ind 3.67(2) In3 kN iV Nal5
n14B 3.65(2) InS 3.68(2) In5 3.74(2) Nall ’
Int5 3.6%(2) In7 3.82(2) In6 3.79(2) 2 In4 3.88(4)
1n22 3.66(3) In9 3.76(2) In7 3.73(2) In3 3.3703) 2 In9 3.38(4)
Inll 3.78(2) Inll 3,74(2) In9 3.40(3) 2 Inl3 3.73(2)
Na2 3.98(3) In12 3.88(2) Ini2 3.78(2) In3 3.30(3) Inl9 3.38(5)
K3 3.87(3) In13 3.6%(2) In14A 3.60(2) Inl4A 3.55(3) in21 3.76(5)
Ké 3.9003) In19 3.67(2) Inls 3.78(2) In14B 3.50¢3)
K7 4.132) n23 3.61(2) In15 3323) 2 K4 3.50(4)
Nali 3.68(4) Na2 3.90(4) 2 K5 4.01(4)
Nal4 4.00(3) K3 4.12(3) Kl 4.13(2) K1 3.68(4) K8 3.60(6)
K5 4.11(3) Na2 3.76(4) K3 3.99(4) K12 3.96{6)
K7 4.05(3) K4 4,05(3) K5 4.29(4)
KI2 3.86(3) K6 397(3) K6 3.91(4)
Nals 3.90(4) Nall 3.7 K7 3713
Nal3 3.95(4) K8 3.77(4)




Table VII. Results from reactions in the temary K—Na~In system

Loaded Atomic ratios ~ Major Lattice parameters of the major phase, A Volume per  Minor
rXn composition K :Na :In K : Na phase a b c one In, A3 phase
1 K5In, 248:0.0:39 7.00:0 R 17.242(4) 44.72(2) 49.203(3) Kgln,,
2 K5Naln, 248:35:39 700:1 O 17.2214) 17.875(8) 25.17(1) 49.666(2) A
3 K¢Na,In,, 21.3:7.1: 39  300:1 O 17.134(5) 17.800(5) 25.01(2) 48.895(3) A
4 K¢Naln,, 19.5:33:39 6.00:1 O 17.206(3) 17.878(3) 25.154(3) 49.600(1) -

5 KNaln, 19.5:19.5:39 1001 O 17.028(5) 17.69(1) 24.82(1) 47.926(3) A
6 KsNasIn,, 17.7:10.6: 39 1671 O 16.964(5) 17.677(6) 24.798(6) 47.668(1) A
7 K;sNa,In,, 163: 6.5:39 250:1 O 17.24(1) 17.73(1) 26.07(1) 49.122(6) -
8 K Na,In, 14.2:14.2: 39 1.00:1 O 16.95(2) 17.59(4) 25.06(4) 47.90(2) A
9 K,Na,ln,, 13.0:9.8:39 133:1 R 16.8906(2) 43.575(1) 46.009(1) -
10 K;NasIn,; 10.6:17.7: 39 0.60:1 R 16.721(5) 43.23(3) 44.733(3) O
11 K;Na,n,, 9.8:13.0:39 075:1 R 16.717(5) 43.20(3) 44.680(3) o)
12 K,Nagln,; 7.1:213:39 033:1 R 16.58(1) 43.10(1) 43.350(4) c
13 K,NasIn,, 65:16.3:39 040:1 R 16.620(3) 42.904(8) 43.861(1) -
14 KNa,;In, 3.524.8:39 0141 C 16.0640(4) 43.181(1) -
15 KNagln,, 3.3:195:39 0171 C 16.047(2) 43.044(5) R
16 Na;In,, 0.0:22.8:39 0001 T 16.093(4) 23.384(8) 42.055(3) -
R - rhombohedral A,,Insg, O - orthorhombic A,3Insg C - cubic K3NayIn,g A - aikali metal T - NajIn;; g
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Figure 1.

The two types of icosahedra in the rhombohedral A,,In;g: a) 12-bonded In,, (C,;, the two-fold axis bisects the
pair of In2 atoms) and b) 6-bonded In;, (D, the three-fold axis is vertical). The thermal ellipsoids are drawn at
94% probability level.
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Figure 2.

The individual "spacers” in a) Na,,Gasg, b) the thombohedral A,;In;g, and c) the orthorhombic Aj3Insg. The two
three and four squares that can be seen in a), b) and c), respectively, are formed from parallel exo bonds to other
spacers. (50% thermal ellipsoids)

P81
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Figure 3. A view of the unit ccll of the orthorhombic K|sNaglnyg. Lines connect ail
indium atoms less than 4.0 A apart, while the alkali metal atoms are shown as
crossed ellipsoids. (30% probabilty for the thermal ellipsoids)




Figure 4.

The two types of icosahedra in the orthorhombic Aj3Insg: a) 12-bonded In), (C;) and b) 7-bonded In,, (C,, In17 to
20 are on the mirror plane). The thermal ellipsoids are drawn at 94% probability level.
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Figure 5. The HOMO (a) and LUMO (b) molecular orbitals in the square Ind, 13, 4, 13,
Notice the n-antibonding character of the latter and also the larger contribution
of the lone pairs on In13.
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PAPER 8. SYNTHESIS, CHARACTERIZATION AND BONDING OF INDIUM
CLUSTERS: A3NA,¢IN4g (A = K, RB, Cs) WITH A NOVEL CUBIC
NETWORK OF ARACHNO- AND CLOSO-IN;, CLUSTERS

Slavi C. Sevov and John D. Corbett™
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ABSTRACT

The title compounds are obtained in high yield by slow cooling of the appropriate fused
mixture of elements in welded Ta. They occur in the cubic space group Pm3n, Z = 2, with a =
16.0640 (4), 16.101 (1), 16.130 (1) A for A = K, Rb, Cs, respectively. The structure was
refined by single crystal means for A = K, Rb to R.R,, = 2.5, 3.3 and 2.0, 2.5%. The structure
contains closo-In,, icosahedra (T, symmetry) plus arachno-In;, (D,4) as approximate (Dgy)
hexagonal antiprisms (drums) with 12 exo In—In bonds about each cluster. Nonintersecting
chains of "drums" lie in the faces of the cubic cell and parallel to the cell edges. Adjacent
arachno clusters are interconnected only indirectly at chain crossings via the closo polyhedra that
define a body-centered cube. The structure is A15 (Cr,Si)-like with arachno- and closo-In,,
clusters, respectively, replacing the metal and nonmetal atoms of the parent. The larger A
cations order in, and appear required for, the larger cavities lying between drums in each chain.
The compounds are electron-rich by 5.5% according to theory, and the potassium example is

metallic (p,g5 ~ 23 pohm-cm) and Pauli paramagnetic (2.2 x 103 emu mol™!) by measurement.
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INTRODUCTION

Even the binary compounds in the alkali metal—gallium'-> and ~indium*? systems are
remarkable in their structural novelty and complexity. The most striking lesson to be gained
from these is the very considerable driving force shown by these post-transition "metallic"
elements in negative oxidation states to localize electrons in covalent bonds and the fascinating
variety of ways this can be accomplished. The generic shortage of electrons with these elements
means that either large negative charges or delocalized bonding (or both) will pertain.
Characteristically, the delocalized versions feature either familiar or new varieties of naked
clusters. A few isolated and hypoelectronic clusters are found for indium,*® while the
alternative linkage of clusters into networks via simple exo bonds is frequently observed for both
elements. The networks may be remarkably complex and diverse in response to an evident
parallel tendency to achieve bonding situations that are close to valence (Zintl) phases. For
example, we have earlier completed a study of the entire Na—In system”and find that it contains
four phases: Na,sIn,, 4 with interconnected closo-Ing, nido-Iny, arachno-In,q, and four-bonded
In units;5 NaqIn), g with somewhat related cluster units in a different network;> the traditional
Zintl phase Naln with a diamond-like anionic array,m and Na,In with isolated tetrahedra.’ The
second phase is especially noteworthy in that it comes within 0.6% of being electron-precise. It
is also noteworthy that the K~In system contains four completely different phases.“‘9

The subtle but important effects of cation size and number suggest that mixed cations
may produce yet other arrangements. Such have already been observed for gallium.” but it also
seems likely that the differences between gallium and indium structures in this sort of chemistry
may be greater than their similarities. Three phases are found in the Kgin;,~NajIn,, &
pseudobinary system, and this article reports on the most distinctive of these, the cubic

K3NayeInyg and its analogues with other cations in place of rubidium.
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EXPERIMENTAL SECTION
Synthesis

All materials were handled in a N,-filled glovebox that had a typical H,O level of < 0.1
ppm vol. The surfaces of the indium (Cerac, 99.999%), sodium (Alpha, 99.9+%, sealed under
Ar) and potassium (J. T. Baker, lump under oil, purified 98+%) were cut clean with a scalpel
before use. The potassium lump was washed with hexane and dried under vacuum before
introduction into the glovebox. Rubidium (Alpha, 99.9%, sealed under Ar) and cesium (Alpha,
99.98%, sealed under Ar) were used as received, the amounts loaded being weighed by
difference. (Loss of alkali metal on transfer is the most probable error.) All reactions were
carried in welded tantalum tubes jacketed in sealed SiO, containers. The techniques are
described elsewhere.>

Samples with atomic ratios of K:Na:In = 1:7:11, Rb:Na:In = 2:6:11 and Cs:Na:In
3:26:48 were prepared, and the mixtures were melted at 550 °C for 10 hours. (The highest
melting points in the Na~In, K~In and Rb-In systems are about 441, 478 and 522 °C,
reSpectively.lz) The samples were then slowly cooled to room temperature at 3° per hour. The
products had gray metallic appearances and were very brittle.

Powder patterns were obtained from ground samples that were mounted between pieces
of cellophane tape. An Enraf-Nonius Guinier Camera, Cu Kot radiation (A = 1.540562 A), and
NBS (NIST) silicon as internal standard were employed for this purpose. X-ray powder patterns
calculated on the basis of the refined positional parameters for A = K (below) matched the
respective ones measured for the Rb-Na-In and Cs-Na-In products very well, leading to the
conclusion that the same structure pertained to all three. (That for Rb showed ~15—-20% of
szln},7 as a second phase.) A least-squares refinement of the measured 20 values together with

those of the standard Si lines resulted in a = 16.0640 (4) A for K;Na,eln,g, a = 16.101 (1) A for
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Rb;Nayglngg and a = 16.130 (1) A for Cs3Nay¢Insg. All the patterns also contained weak lines
for indium metal, probably from adventitious oxidation or hydrolysis of the very sensitive
samples during the X-ray exposure.

Structure determination

Diffraction data for K;NayglIn,g and RbyNa,gIn,s were collected on a CAD4 single
crystal diffractometer at 21° C with monochromated Mo Ko radiation up to 20 = 50°. The
structures were refined with the aid of the TEXSAN package. Some details of the data
collection and refinement for the two structures are listed in Table I. Unique aspects of the
crystallography follow:

K3Naysingg. A few small pieces of the crushed sample were picked, sealed in thin-
walled glass capillaries, and checked for singularity by means of oscillation photographs. A
plate-like example, 0.1 x 0.2 x 0.2 mm, was studied by Weissenberg photography, which
showed that the cell was primitive cubic with a systematic absence condition hh: ¢ = 2n
consistent with two possible space groups, P43n and Pm3n. The same crystal was mounted on
the diffractometer, and reflections from a random search were indexed with a cubic cell of the
expected dimension. Data from one octant of reciprocal space confirmed the two possible space
groups after correction for Lorentz and polarization effects and for absorption with the aid of the
average of four y-scans at different angles. The Wilson plot indicated a centrosymmetric
distribution, and therefore Pm3n was chosen for the first trial.

Direct methods provided seven peaks, but only the first three had distances to each other
appropriate for indium atoms, and they were so assigned. A few cycles of least-squares
refinement and a difference Fourier synthesis revealed the last four plus one more that had A-In
distances in the range seen before for A = K or Na. One had relatively higher weight and was

assigned to K, the rest to sodium. Refinement, finally with anisotropic thermal parameters and a
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secondary extinction correction, converged at R = 2.5%. The largest residual peaks in the final
difference Fourier map were 1.8 /A2, 1.25 A from Inl, and —1.2 ¢/A%. The occupancies of the
atoms did not deviate from unity by more than 2% (20) for In when the cations were held
constant, and by more than 4% (2¢) for K and Na with In fixed, so all were held at full
occupancy.

RbsNaysingg. The fact that the lattice parameters determined from powder data varied so
slightly in the three compounds, ~0.066 A over the range, produced some concern about whether
the compounds were really temary. In order to rule out any possibility that they might be only
binary, data were also collected on a larger single crystal of the Rb product. The structure was
refined to final residuals R = 2.0, R,, = 2.5% with the Rb atoms occupying the K position in
K3Naygln,g (Table I). All sites were fully occupied to within 1.5 6. Later, some crystallites of
the K and Rb compounds were checked by SEM/EDS and the compositions confirmed.

Physical properties

Electric resistivity and magnetic susceptibility data were obtained for a single phase
sample of K3Na,In,e. The electrodeless "Q" method!® was again used for the resistivity
measurements on a powdered and sized sample mixed with chromatographic Al,0;. Data were
taken every 10 degrees over the 160—295 K range. The magnetization of a 25 mg sample was
measured at a field of 3T over 6-295 K on a Quantum Design MPMS SQUID magnetometer.

The techniques for the measurements and the sample holder are described elsewhere.
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RESULTS AND DISCUSSION
Structure description

The final positional and isotropic-equivalent displacement parameters for the isostructural
K3Naygln,g, and RbsNa, In,g are reported in Table II, and important distances are listed in
Table IIl. A partial view of the unit cell is shown in Figure 1 with only In—In distances less
than 3.5 A drawn. The seemingly complex structure is in fact a three-dimensional network built
of only two different In,, building blocks: arachno-12-vertex polyhedra ("drums") and closo-
icosahedra, each of which are shown isolated in Figure 2. Every vertex is bonded to another
cluster via an exo In—In intercluster bond, this being, as usual, somewhat shorter than In—In
distances within the clusters where delocalized bonding is operative.

The cluster arrangement shown in Fig. 1 is in fact simple and well-known. Each
icosahedron is, naturally, icosahedrally bonded to 12 separate arachno-In,, (Fig. 2). Each of the
latter "drums"” is surrounded by and bonded to four closo and eight arachno clusters to form a
larger hexagonal antiprism. Two additional arachno units formally cap this antiprism to generate
the chains, but these are not directly bonded to the central one. The structure is seen to consist
of three nonintersecting chains of arachno-clusters that lie in the middle of all faces of the cube
and parallel to the different cell edges. These are interconnected to each other where they
overlap (but do not intersect), e.g., around 1, %, % in Figure 1. (Note that the horizontal chain
lying in the front face of the cube has been omitted.) All six chains that are so placed in the
unit cell are also bonded to the closo icosahedra that lie at the body center and at the comers of
the cell. The structure is isotypic with the A15 (Cr;Si or W;30) type structure!? if we equate
metal atoms with the arachno groups and the nonmetals with closo-icosahedra.

The arachno-In, (Inl, 3) has D, (4m2) point group symmetry but is close to D¢y

symmetry (Fig. 2, top). This polyhedron appears to be the first example of an arachno
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derivative of a 14-vertex closo-species that would result from capping the two hexagonal faces
of the observed cluster. The unknown closo-In;, has 24 triangular faces and could be called an
icositetrahedron (twenty-four-hedron). The hexagons that make up the arachno unit are not
exactly planar, the Inl atoms in each being 0.056 (3) A (K) or 0.044 (2) A (Rb) outside of the
plane defined by the four In3 atoms. The distances around the hexagons also differ slightly,
3.048 (1) (In3~In3) vs 3.063 (1) A (In1=In3) for K and 3.0398 (7) vs 3.0751 (4) A for Rb
derivatives. This combined with the out-of-plane displacement leads to ~126° angles at In1 and
~125° at In3. The distances between members of adjoining hexagons in a single drum are
longer than those within them by 0.06 to 0.1 A. This difference is probably caused by the lack
of capping atoms on the rings, similar shortening of distances in open faces having been
observed in other nido- and arachno-clusters.>®® Each of the In1 atoms lies trans to one
another in the hexagons and is exo-bonded to an icosahedron, while each In3 atom is bonded to
another arachno-In,, polyhedron in a separate, perpendicular chain. The arachno clusters are
centered by the Na2 ions.

The closo-icosahedra have the rare T, point group symmetry and are built of In2 atoms
only. There are two different bond distances: the six edges parallel to the unit cell axes (Fig. 2
bottom) are shorter than the remaining fourteen: 2.948 (2) vs 3.019 (1) A (K) and 2.981 vs
3.0480 (6) A (Rb). The vertices in each icosahedron are bonded to 12 different arachno-In;,
polyhedra and thus also serve to interlink the chains. The distance differences within the closo-
In;, clusters with K vs Rb are greater than elsewhere even though these cations are not nearest
neighbors to this unit, doubtlessly reflecting packing requirements of the networks. Other
examples of the T, symmetry for twelve-atom polyhedra are (Al,Zn),, units in Mg,,Zn, lAlG,15
zinc-centered Zn,, in Mg,Zn;,'¢ and NaZn,;,'7 centered Al;,W in WAL, ,,'8 and Ga,, in

; 1
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The cations are not shown in the figure, and generalities are sufficient to analyze these.
All sodium atoms except Na2 cap triangular faces of the polyhedra. The Na2 and K (Rb)
cations alternate along the cylindrical chains of arachno-clusters, with Na2 lying within these and
K (Rb,Cs) between them and centered on the cell faces (1, 4, 14, etc). These A ions also
alternate with Nal ions at 1, ¥4, %, etc. in cation chains that run in a perpendicular direction.
The size of cavity about Na2 within the drum is not particularly distinctive relative to those
containing the other types of sodium whereas the A site between them is 0.60 A larger. These
features are doubtlessly what limit this structure to the Na,cA4 proportion with A = K, Rb or Cs.
Continued substitution of potassium for sodium does not fill the next larger site (Na3, 0.17 A
larger) but rather produces a series of: three closely related structures.” The first is thombohedral
K,Na,, ,Gayg (~7 < x < ~14) (analogous to Na,Ga, 320) with 2 of the 9 cation sites mixed, the
second is a partially ordered orthorhombic K,Na,, ,Gasg (~14 < x < ~19) structured like
Na,,Ga,o2! and, finally, the thombohedral K,,In;q reappears with a single type of cation.
Properties

The resistivity of K3Na,cIn,g is linear with temperature over 160 — 295 K with a
coefficient of +0.13% per degree and p,g5~23 pohm-cm. Such a resistivity is characteristic of a
typical metal (21 pohm-cm for lead, for examplezz).

The magnetic susceptibilities of K;Na,4In,g over the 6~295 K range were temperature-
independent and, after holder corrections, fell in the ranges of —(13.40 to 14.42) x 1074
emu/mol. As before,*” two types of diamagnetic corrections may be applied to these numbers.
The first one, for the ion cores of the constituent elements, totals ~10.81 x 10~ emu/mol. The
second correction is for the Larmor precession of the electron pairs in the cluster orbitals. We
estimate 2.14 A for the average orbital radius in closo-In;, and 2.96 A for arachno-In,,, which

give ~3.36 and —7.42 x 10~* emu/mol-cluster, respectively. According to the proportion of
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each cluster per formula unit, the total correction becomes y; = [1(3.36) + 3(7.42)] x 1074 =
~25.62 x 10~ emu/mol. Combination of these and the measured susceptibilities provides Xy =
+ (2.2 = 2.3) x 10~3 emu/mol for K;Nayglngg. This result is typical for a moderate Pauli-type
paramagnetism and is consistent with both the measured metal-like conductivity and the electron
count based on theory (below).

Electronic structure and electron count

Extended-Hiickel calculations were performed on the separate 12-bonded closo-In;, and
arachno-In;,. The procedure is described elsewhere.>®> These confirmed the expected (Wade's
rule) n+1 and n+3 skeletal bonding orbitals in the respective closo- and arachno-species.
Combination of these with the number of two-electron exo-bonds for each cluster leads to local
charge of —2 for the closo-In;,, and —6 for the arachno-In;,. Rough HOMO-LUMO gaps in
each cluster are 3.7 and 1.9 eV, respectively. A band calculation for the anion network was not
pursued.

The electron count for K3Na,cIn,g can be done in the following way. Each unit cell
contains two 12-bonded closo-Iny,, which require 26 skeletal and 12 exo-bond electrons each,
and six 12-bonded arachno-In,,, which need 30 skeletal and 12 exo-bond electrons each. The
total number of valence electrons becomes 2(26 + 12) + 6(30 + 12) = 328. Since each In atom
provides three and each alkali metal atom one valence electron, the number of available electrons
is 2(3 + 26 + 48+3) = 346. This means that the compound is electron-rich with 18 (5.5%) extra
electrons per unit cell. These are presumably delocalized in a conduction band, consistent with
the observed metallic properties (above).

This novel structure once again illustrates the driving force for covalent bonding that is
present in the anionic compounds of indium, both when delocalized in cluster units and in what

can be described as simple two-center bonds between these. Many cluster types appear possible
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in these network structures beyond closo-In,, nido-Inyy, arachno-Inyg, including octahedra,
closo-In g units and the present arachno-In;,. Even more examples can be captured when
heteroatoms are used to alter the electronic requirements.*®? The structural variety and
complexity of these solids arise from the problems of fitting clusters and spacers into ordered,
space-filling, three-dimensional arrays with sufficient room for cations, while at the same time
responding to an evidently strong electronic tendency to approach (or achieve) closed-shell,
semiconducting configurations.

Acknowledgement. We are indebted to J. Shinar for the use of the "Q" resistivity apparatus and
I, E. Ostenson for the measurement of the magnetic data.

Supplemental Material Available. Tables of data collection and refinement details and of
anisotropic displacement parameters for A;Na,glngg, A = K, Rb (2 pages). Ordering information

is given on any current masthead page.
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Table 1. Selected Data Collection and Refinement Parameters for K;Na,In,q and
Rb3Nayglinyg
Formula K;Nayglngg Rb;Nay¢lngg
space group, Z Pm3n (no. 223), 2 Pm3n (no. 223), 2
atA 16.0640 (4) 16.101 (1)
v, A3 4145.3 (1) 4174.1 (3)
d(calc), g. cm™> 4.99 5.06
absorp coeff, (Mo Ko) cm! 131.5 146.0
trans coeff range 0.429 - 1.000 0.405 - 1.000
no indep obs refl, variables 479, 39 578, 39
R, R, % 25,33 2.0,2.5

2 Room temperature Guinier data with Si as an intemal standard (A = 1.540562 A).

b R=3IF) —IFN IF) R, = [Zw(F,) — IFN? | ZwF 1'% w = o2
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Table II. Positional and Isotropic Equivalent Displacement Parameters for A;Naygln,g
atom position x y 2 B, A?
K3Na,clngg
Inl 24k 0 0.16357 (7) 0.31861 (7) 2.01 (5)
In2 24k 0 0.09176 (7) 0.15237 (7) 2.26 (5)
In3 481 0.33289 (5) 0.33010 (5) 0.09488 (4) 1.81 4)
K 6b 0 %) % 253)
Nal 6¢ Va 0 2] L5 (3)
Na2 6d Va Yo 0 2.8 (4)
Na3 16 i 0.1892 (3) X X 2274
Na4 24k 0 0.2958 (4) 0.1356 (4) 2.6 (3)
Rb;Na,ln g
Inl 24k 0 0.16415 (3) 0.31863 (3) 1.76 (2)
In2 24k 0 0.09257 (3) 0.15348 (3) 1.67 (2)
In3 481 0.33314 (2) 0.32961 (2) 0.09512 (2) 1.69 (2)
Rb 6b 0 Y Y2 1.89 (5)
Nal 6c¢c Vi 0 %) 1.9 (1)
Na2 6d Va Va 0 2.1 (1)
Na3 16 i 0.1898 (1) X X 2.43 (5)
Na4 24k 0 0.2961 (2) 0.1349 (2) 24 (1)

? By = BA)LEUja a1 g,
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Table III. Distances of nearest neighbors about each atom in A3Na,cIn,g, A = K, Rb

atoml atom2 K3Nayglnsg RbsNayglngg atoml atom2 K3Nayglngg RbyNagglngg

Inl1- In2 2.909(2) 2.8981(7) A - 4Inl 3.924(1) 3.9386(5)
2In3 3.0633(9) 3.0751(4) 8 In3 4.1205(8)  4.1340(4)
21In3 3.123(1)  3.1274(6) 2 Nal 4.0160(1)  4.0252(3)

A 3.924(1)  3.9386(5) 2 Na2 4.0160(1)  4.0252(3)
Na2 3.228(1)  3.2308(5) 4 Na4 3.938(6) 3.936(3)
2Na3  3.706(2) 3.7163(8)
2Nad4  3.433(4) 3.440(2) Nal - 81In3 3.3443(7) 3.3476(4)
Na4 3.627(7)  3.643(3) 2A 4.0160(1) 4.0252(3)

4 Na4 3.760(6) 3.770(3)
In2 - Inl 2.909(2) 2.8981(7)

In2 2.948(2) 2.981(1) Na2 - 4Inl 3.228(1) 3.2308(5)
4 In2 3.019(1)  3.0480(6) 8 In3 3.3978(7) 3.4153(4)
2 Na3  3471(6) 3.482(3) 2A 4.0160(1) 4.0252(3)

Na4 3.280(6)  3.291(3)

2 Nad  3497(6) 3.495(3) Na3 - 31Inl 3.706(2) 3.7163(8)
3 In2 3.471(6) 3.482(3)
In3 - Inl 3.0633(9) 3.0751(4) 3 In3 3.500(3) 3.497(2)

Inl 3.123(1)  3.1274(6) 3 In3 3.570(4) 3.567(2)

In3 3.048(1)  3.0398(7) Nal 3.38(1) 3.360(7)

In3 3.052(2)  3.0632(7) 3 Na4 3.594(4) 3.613(2)

In3 3.162(2)  3.1788(7)

A 4.1205(8) 4.1340(4) Na4 - 2 Inl 3.433(4) 3.440(2)

Nal 3.3443(7) 3.3476(4) Inl 3.627(7) 3.643(3)

Na2 3.3978(7) 3.4153(4) In2 3.289(6) 3.291(3)

Na3 3.500(3) 3.497(2) 2 In2 3.497(6) 3.495(3)

Na3 3.570(4) 3.567(2) 2 In3 3.255(4) 3.257(2)

Na4 3.255(4)  3.257(2) 2 In3 3.527(6) 3.540(3)

Na4 3.527(6)  3.540(3) A 3.938(6) 3.936(3)

Nal 3.760(6) 3.770(3)
2 Na3 3.594(4) 3.613(2)
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A portion of the indium network in the structure of A;Naycln,g. Some of the
polyhedra are shaded to emphasize the building blocks: closo-In;, icosahedra
and arachno-Inj, hexagonal antisprisms (drums). Arachno clusters are
connected via other clusters into chains lying in all faces of the cube, but the
chain across the front face is not shown. The A atoms are centered in the
larger cavily at 1, 14, ¥4 between arachno clusters in the same chain.
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Figure 2. The separate arachno-In;, (top) and closo-In;, (bottom) cluster units with
independent distances and the numbering system. All cluster atoms in the latter
are In2, (94% probability thermal ellipsoids.)
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SUPPLEMENTARY MATERIAL

Empirical formula K;Naygln,g Rb;Na,¢In,g
Formula weight 62264 6365.5
Crystal size 0.1x02x02mm 0.07 x 0.15 x 0.22 mm
Lattice parameters: a, A 16.0640 (4) 16.101 (1)

v, A3 4145.3 (1) 4174.1 (3)
Space group, Z Pm3n (#223), 2 Pm3n (#223), 2
D(calc), g/cm? 4.99 5.06
Diffractometer CAD4 CAD4
Radiation Mo Ko, Graphite-monochr. | Mo Ko Graphite-monochr.

Temperature, °C

21

21

Octants measured hk, ¢ h, k, ¢
Scan method Q-0 Q-0
20 (max), deg. 50 50

No. reflections measured 4062 4077
Obs. (I>3.00 o)) 2293 3003
Indep. obs. 479 578
abs. coeff. (Mo Ko) cm™! | 131.54 146.05
Transm, factor range 0.429 -~ 1.000 0.405 —1.000
No. variables 39 39
Residuals: R, Ry, % 2.5;3.3 2.0; 2.5
R(ave.).® % 5.7 3.3
Goodness of fit indicator 1.498 1.136
Max, shift in final cycle 0.00 0.00

Largest peaks in final AF,
e/A

+1.8 (1.25 A from Inl),
-1.2

+1.5 (center of c-In;,), —1.2

Sec. Ext. Coeff. (1079

7(3)

18 (3)

a

b

R=SIF) —IFJ/ IFJ; R, = [EW(Fyl — IFN? | Zw(FH* 1% w = o2

All data.
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atom Uy’ Uz U Up Uis Uas
K3Na,glngg

Inl 0.0269(7) 0.0251(7) 0.0243(7) 0 0 ~0.0052(5)
In2 003397 | 00201(7) | 00228(7) 0 0 —0.0051(5)
In3 0.0244(5) 0.0226(5) 0.0217(4) 0.0047(3) -0.0017(3) ~0.0006(3)
K 0.030(4) 0.030¢5) 0.033(5) 0 0 0

Nal 0.023(7) 0.017(4) Uy, 0 0 0

Na2 0.05(1) 0.027(5) Uy, 0 0 0

Na3 002882) | Uy, Uy, —00002) | Uy, Uy,
Na4 0.027(4) 0.0304) 0.041(4) 0 0 ~0.005(3)
RbyNaygln g

Inl 0.0227(3) 0.0231(3) 0.0209(3) 0 0 =0.0043(2)
In2 0.0232(3) 0.0214(3) 0.0189(3) 0 0 =0.0020(2)
In3 0.0229(2) 0.0206(2) 0.0205(2) 0.0037(1) -0.0027(1) =0.0002(1)
Rb 0.0239(7) 0.0230(7) 0.0251(7) 0 (¢] 0

Nal 0.028(3) 0.021(2) U,y 0 0 0

Na2 0.042(3) 0.020(2) U,, 0 0 0

Na3 003081) | Uy Uy ~0.0018(9) Uy, Uy
Na4 0.027(1) 0.026(1) 0.037(2) 0 o ~0.003(1)

® T =exp [-2n%(U;h%"? + Upk®b*? + Ugsfc*? + 2U  hka’d” + 2U,3hta’c”

+2U,5kb'ch)].
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PAPER 9. SYNTHESIS, CHARACTERIZATION AND BONDING OF INDIUM
CLUSTERS: RB,IN;, A ZINTL PHASE WITH LAYERS OF CLOSO-
INDIUM OCTAHEDRA

Slavi C. Sevov and John D. Corbett”
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ABSTRACT

The Rb—In system contains only RbIn, (BaAl, type) and Rb,In; in the 0-80 at.% In
region. The structure of Rb,In, consists of rubidium ions between layers of closo-Ing clusters
joined into sheets through exo bonds at four coplanar vertices (I4/mmm, a = 6.8735 (4) A c=
15.899 (1) A, R®E/R,, = 3.2/3.5 %). The phase is isostructural with Cs,In; when a probable
error in the earlier space group assignment is corrected. Rb,In; is a poor conductor (p > 10
pohm-cm) with a temperature-independent magnetic susceptibility of (014) x 10" 10 emu/mol
after core and orbital corrections. The corresponding Zintl phase (closed shell configuration)
predicted on the basis of conventional electron counting for the cluster network is supported by
extended-Hiickel MO calculations. The structures of Rb,Ing and In,Rb show a close, inverse

relationship in the same space group.
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INTRODUCTION

Elements in the boron family exhibit some remarkable structural and bonding properties
via homoatomic cluster units, results deriving principaily from the presence of fewer valence
electrons than good bonding orbitals. Borane analogues in which clusters of Al, Ga, etc. have
exo bonds to H, R, etc. are evidently not stable, which means that any classical "naked"
clusters obeying Wade's rules will require unusually high charges, viz., Closo-Mn'"'Z. of
course distortions may lead to unusual hypoelectronic alternatives like In“7' (1], but a much
more common result is the formation of networks of clusters via normal intercluster bonds.
Each such bond reduces the local cluster charge by one, effectively through oxidation of the
otherwise "inert s-pair " at that vertex. Many examples have been discovered for gallium and
the bonding accounted for fairly well by classical cluster bonding treatments [2—4] (and
references therein). Indium and thallium systems are less well known, but several new alkali-
metal—indium phases with network structures involving nido-In;;, arachno- and closo-In,, and
closo-Inyg clusters have recently been described that exhibit very nearly closed-shell bonding
[5=7].

The Rb-In system has not received much synthetic and structural attention. The phases
RbyIns [8], RbsIng, and RbIn, [9] have been reported on the basis of thermal analysis and X-ray
powder diffraction, but only the last has a known structure type, BaAl, [10]. A recent phase
diagram summary [11] left the first composition uncertain, and replaced the estimated RbsIng
with Rb,In; on the basis that a compound with the corresponding composition and a unique
structure had been defined for Cs,In; by Yatsenko, et al. [12].

The present article reports our results for the Rb~In system.
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EXPERIMENTAL SECTION
Syntheses

All materials were handled in a Ny-filled glovebox that had typical moisture levels of
<0.1 ppm vol. The surface of the indium (Cerac, 99.999%) was cleaned with a scalpel before
use, while the rubidium (Alpha, 99.9%, sealed under Ar) was used as received. The weight of
Rb loaded from the ampule was determined by difference. All reactions were carried out in
welded tantalum tubing as described elsewhere [5].

A reaction designed to produce Rb,In, was loaded (60 at.% In), and the contents held at
530°C for 5 hours. (The highest melting point in the Rb~In system is about 522°C [11].) The
sample was successively annealed at 400, 300 and 250°C for 2.5, 2 and 2 days, respectively,
and then was slowly cooled (10°hour) to room temperature. Other samples containing 56, 58
and 75 at.% In were treated similarly.

Powder pattermns were obtained after grinding the samples and mounting the powder
between pieces of cellophane tape. An Enraf-Nonius Guinier camera, Cu Ka radiation (A =
1.540562 A), and NBS (NIST) silicon as an internal standard were employed for this purpose.
The pattern for the Rb,In; composition matched that calculated for Cs,In; very well although
the lines were naturally shifted to higher 20 angles because of the smaller lattice parameters.
The yield of the dark gray and very brittle phase appeared quantitative, and a least-squares
refinement of the positions of the indexed lines and those of the standard silicon afforded the
lattice constants listed in Table 1. Patterns of the other samples synthesized contained only Rb,
this phase and/or RbIn,. Thus, a phase near Rbylng (55.6 at.% In) [8] does not exist, in

agreement with the conclusions of Thiimmel and Klemm [9]
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Structure determination

An additional refinement of the structure type secemed necessary judging from the
relatively poor refinement of Cs,In, [12] (R = 9.9%, with some extreme thermal ellipsoids) and
a clear suggestion of a centrosymmetric tetragonal space group rather than the assigned 14m2.
The reported coordinates of the two Cs atoms, 0, %2, ¥ and 0, 4, %, can be related by an
inversion center, and such a center is also allowed for the In atom refined at 0.295 (1), 0,
~0.0059 (6) if z = 0.

Single bar-like crystals were picked from the crushed reaction product and sealed in thin-
walled glass capillaries. One was selected after checking for singularity by means of oscillation
photographs. Diffraction data were collected for two octants on a Rigaku AFC6R single crystal
diffractometer at room temperature with the aid of monochromated Mo Ka radiation and with
the absence condition for body-centering imposed. The Wilson plot statistics after correction for
Lorentz and polarization effects and for absorption with the aid of one W-scan indicated a
centrosymmetric space group, and therefore I4/mmm was chosen. The structure was refined
with the aid of the TEXAN package [13]. Some details regarding the cell, the data collection,
and refinement are listed in Table I. Unique aspects of the crystallography follow.

The corresponding atomic coordinates from Cs,In; were used as a starting model, and
refinement with isotropic thermal parameters proceeded smoothly, converging at R = 10.2%.
The final residuals listed in Table 1 were obtained after a better empirical absorption correction
(DIFABS) [14] and the anisotropic refinement of all atoms. Structure factor data are available
from J.D.C. The next step was to refine the structure in the I4m2 space group originally
assigned to Cs,In,. However, this led to neither lower residuals nor more accurate parameters.
The deviation from z = 0 with one In atom on the x, 0, z type position was less than 0.5 c. All

the results support the correctness of the centrosymmetric space group I4/mmm.
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Property measurements

The resistivity of Rb,In; was examined, as before, by the electrodeless "Q" method [15]
for 330 mg. of a 300—380 pm diameter powder mixed with Al,0;. Measurements were made at
35 MH, and at 160 and 295 K. The magnetization of a 25 mg. sample was measured at 3T over
the range 6-295 K on a Quantum Design MPMS SQUID magnetometer. Additional
measurements were made at 100 Oe and 2-10 K to check for superconductivity, which was not

found.
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RESULTS AND DISCUSSION

Structure description

The final positional and anisotropic displacement parameters for Rb,In; are reported in
Table 2 and important distances are listed in Table 3. A general view of the structure is shown.
in Fig. 1, where the solid lines represent bonding interactions between the indium atoms (open
ellipsoids) while rubidium atoms (crossed ellipsoids) are shown isolated.

The anion structure is composed of closo-Ing octahedra that are each exo-bonded to four
others about their waists to form quasi-infinite planar sheets. These layers are nested by the I-
centering and are well separated by rubidium, the two types of cations falling in the valleys
within each layer. The Ing octahedra are centered at 4/mmm type positions and thus have Dy,
point symmetry. The Inl atoms occupy the apical positions and do not have exo-bonds but are
four-bonded to In2 atoms within each cluster. The In2 atoms in the waist of the octahedra are
each exo-bonded to an In2 atom in an adjoining octahedron as well as to two Inl and two In2
atoms. The intercluster distances (2.808 (2) A) are shorter than the intracluster separations
(2.875 (2) to 3.094 (2) A), a behavior that has been observed in many other condensed cluster
compounds of the gallium family elements [2,3,5-7]. The octahedra are elongated toward the
four-bonded In1 apices, the distances around the waist being 0.219 (3) A less. The shortest
interlayer In—In distance is 5.86 A between Inl apices in adjacent layers. The indium thermal
ellipsoids (Table 2) are consistent with some torsional or wave motion within the layers as the
apex Inl appears larger normal to € while In2 is larger along €. The values for Rb1 also
correlate with such a motion of the closer Inl.

The compound is evidently isostructural with Cs,In, [12] presuming the minor change in

space group is correct there as well. We also confirm by powder pattern data the BaAl,-type
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structure of RbIn, (a = 4.9092 (5), ¢ = 12.640 (3) A, 14/mmm)), but with a somewhat smaller ¢
dimension than reported before (12.82 A) [10].
Properties

The resistivity of Rb,In; could only be estimated as larger than 1000 pohm-cm. The
reason for this ambiguity is that the sample did not produce any deflections of the "Q"-meter.
We should point out here that measurements made on the meter are proportional to the
conductivity of the sample, and the smallest measurable signal corresponds to a resistivity of at
least 1000 pohm-cm. Such a value certainly suggests that Rb,In, is a semiconductor, consistent
with bonding expectations (below). Of course, the temperature coefficient of the resistivity for
Rb,In, is unknown. In passing, we note that the magnitude of this resistivity is also quite
consistent with 450900 pohm-cm maxima near 1:1 compositions measured for liquid Cs and K
systems with Ga, In and T2 [16,17]. The liquids apparently always give lower p values and are.
presumably simpler than the neighboring solids, while the p values appear to depend only on the
alkali metal [18]). We have previously found p values of 270 to 600 pohm-<tm and metal-like
dependencies for several phases with indium network structures where bonding calculations and
electron counting indicate very small fractions of excess electrons. The latter data also correlate
well with small net Pauli-like paramagnetic remnants [1,5,6].

The magnetic susceptibilities of Rb,In; over 12—-295 K were temperature independent,
amounting to —1.42 (4) x 10" emu/mol after holder corrections. As before, two types of
diamagnetic corrections can be applied to this number. The first one, for the cores of the
constituent cations [19], totals —0.97 x 10 emu/mol for Rb,In,. A second correction for the
Larmor precession of the electron pairs in the cluster orbitals is estimated from y; = ~0.79 x 10°
6 Z (ra‘,c/a())2 emu/mol-cluster, where Z; is the number of skeletal electrons in the cluster, r,,, is

the average radius of their molecular orbitals, and a, = 0.529 A [20). We assume this applies
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only to the octahedra, and r,,, = 1.51 A gives —0.90 x 10 emu/mol-cluster. The combination
of these results in (0 £ 4) x 108 emu/mol for Rb,In;, that is, effectively zero. This is very
consistent with the minimal resistivity and the predicted closed-shell electronic structure (below),
but of course the magnetic susceptibility result does not necessarily guarantee a semiconducting
property. A similar result for Na,In with isolated closed-shell indium tetrahedra is coupled with
Pag5 ~ 270 pohm-cm and a metal-like temperature coefficient [6]. Other magnetic contributions
or the absence of a gap between expected filled valence and empty conduction bands can be
sources of contradiction.
Electronic structure

Isolated octahedral Ing units would require 2n+2 = 14 skeletal bonding electrons
according to Wade’s rules (21]. This applies to valence p electrons, with an inert s pair or an
exo bond to hydrogen etc. at each vertex (e.g., In68'. B6H62'). Formation of exo homoatomic
bonds serve to expand the valence states at each such vertex to include s, to oxidize the cluster,
and to reduce the charge for the naked cluster by one for each exo bond [2,4,5]. (The mixing of
s with p also produces shorter bonds at such atoms.) Thus the observed °2°[In64'] sheets in
RbyIng are completely consistent with this expectation, a closed valence shell, and the measured
properties. Extended-Hiickel calculations were performed as before [1,5,6] on isolated 4-bonded
closo-Ing units with the observed dimensions, and these confirmed the expectations for skeletal
bonding and a —4 charge per octahedron. The presence of low-lying, localized and mainly Ss
pairs on the octahedral apices (Inl) was clear in the results. The calculated HOMQ-LUMO gap
was 2.2 eV,

In contrast, Yatsenko et al. [12] predicted four excess electrons per octahedron in Cs,lng
and thence a metallic behavior or Cs—Cs binding. Their error was the omission of the inert s

pairs at the two Inl vertices in each octahedron.
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Both theory and experiment indicate that Rb,In; and probably Cs,In, as well are likely
Zintl (valence) compounds. They are evidently the only examples of this novel, extended
structure. The absence of K,In; [7] can presumably be attributed to the inadequate interlayer
separation provided by the smaller cation, but whether there are thallium analogues remains to be
seen. Finally, we observe an interesting interrelationship exists between this and the BaAl,
structure type [22], that is, between what are evidently the only rubidium—indium phases, Rb,Ing
and RbIn,. These two structures occur in the same space group (I4/mmm), and the first can be
converted to the second by replacement of (a) the cation positions in Rb,Ing by indium and (b)
the Ing clusters in the former by Rb atoms at their centers (0,0,0), i.e., RbyIng — In,Rb. Figure
2 emphasizes this with open interconnections between the rubidium atoms in Rb,In,. (The
horizontal lines defining the square net are distinctly longer (aA2) and could be omitted.)
Judging from recent band calculations [23}, Rbln, with separate layers should have an
incomplete valence band and be metallic whereas Baln, [10] should be a Zintl (valence)
compound or close to it.
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Table 1. Selected data collection, reduction and refinement parameters for Rb,In,

space group, Z I4/mmm (no. 139), 4

cell parameters (Guinier)

a 6.8735 (4) A
c 15.899 (1) A
\' 751.15 (9) A®
d(calc) 4.56 g/cm3
crystal dimens 0.1 x 0.1 x 0.3 mm
octants measured +hk 0
26(max) 50°
reflections
measured 731
observed (I/o(I)) > 3.0) 555
indep 176
R,y (all data) 9.0%
abs. coeff. (Mo Kay) 2142 cm’!
transm. coeff. range 0.622 - 1.28
no. variables 14
sec, extinct. coeff. 9(6)-10'8
R? 3.2%
R’ 3.5%
largest AF peaks 1.9 3e/A3. 1.7 A from Rbl; —1.1
e/A

AR =3IFj — IF Il ZIF,.
® Ry, = [EW(F) — IF)* | ZWF 1'% w = [o(®)]2.




Table 2. Positional and Thermal Parameters for Rb,Ins?

Atom Posn. x y z B, (A Uy, Uy, U,
Inl 4 (e) 0 0 0.1467(1) 2.28(5) 37.3(8) Uy 12(1)
In2 8 (i) 029572) O 0 2.14(6) 16.4(8) 27.3(8) 37.7(9)
Rbi 4 (e) 0 0 0.3907(2) 3.61(8) 59(1) Uy 19(2)
Rb2 4 () 0 7 Ya 3.21(8) 38(1) Uy 45(2)

3 Space group I4/mmm.
bU;x 10% Ujpy = Uy = Uyy = 0 T = exp[(2n?(U; %™ + Upk?d 2 + Uytic™).

0ze
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Table 3. Nearest Neighbor Distances About Each Atom in Rb,In; (A)*

Inl In2 Rbl Rb2
4 In2 3.094(2) 2 Inl 3.094(2) Inl 3.879(3) 4 In1 3.8090(9)
Rbl 3.879(3) In2 2.808(2) 8 In2 4.099(1) 41In2 4.2155(4)
4 Rb2 3.8090(8) 2In2 2.875(2) Rb1l 3.477(6) 4 Rbl 4.100 (2)
4 Rbl 4.099(1) 4 Rb2 4.100(2) 4 Rb2 4.8603(3)

2 Rb2 4.2155(4)

2 < 4,06 A for In—In.
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Figure 1. A scction of the structure of RbyIng (J/4/mmm) with indium as open and rubidium
as crossed ellipsoids and the ¢ axis vertical. The indium octahedra are joined
with normal two-center exo bonds to form quasi-infinite square nets.
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Figure 2. The Rb,Iny structure with neighboring rubidium atoms joined by open lines to
emphasize the close relationship to the aluminum network in the BaAl, type
structurc of Rbiny,
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PAPER 10.  SYNTHESIS, CHARACTERIZATION AND BONDING OF INDIUM
CLUSTERS: FIVE NEW NETWORK STRUCTURES IN TERNARY

ALKALI-METAL~INDIUM-THIRD ELEMENT SYSTEMS
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ABSTRACT

Five new structures with complex networks of interconnected clusters were found in the
systems (Na or K)—=In—(Si, Ge, Sn, Pb, Zn, Cd, Hg, Cu, Ag or Au) where the third element
substitutes for In. The structures have been refined by single crystal means: (I) NaysIngg 470, ¢
and Na,3Ingg gAus 4 = P6/mmm, Z = 2, a = 16.183 (2), 16.236 (1) A and c = 15.723 (4), 15.733
@A, R/R,, = 2.8/3.2 and 2.7/3.1% for the Zn and Au compound, respectively; (IT)
Nagln ¢ gZn, ; — Fd3m, Z = 16, a = 22.715 (7) A, RIR, = 2.6/3.0%; (III) KIn, ,Cd, — P6/
mmm, Z = 30, a = 17.4851 (8) and ¢ = 104461 (7) A, R/R,, = 3.5/5.8%; (IV) K3Ingg ,Cd, —
R3m, Z =6, a =17.301 (3) and ¢ = 76.18 (3) A, RIR,, = 3.1/4.5%; (V) Nayging,oSng ; = R3m,
Z=3,a=16.209 (5) and ¢ = 51.70 (3) A, R/R,, =4.5/5.1%. Structures I and III can be related
to the structure of the ¢-phase CaCug and structures II and V, to the structure of the Laves
phase MgCu, by substitution of indium clusters with different sizes for the Ca, Cu and Mg
atoms. Structure IV is an intergrowth structure of III and Kj,In;q (related similarly to MgCu,-
type structure) and can be related in the same way to the structure of NbBe, which, in turn, is an
intergrowth structure of the CaCus- and MgCu,-type structures. A novel deltahedron of 18
indium atoms, a closo-Ingg, is present in V. Apparently, a major factor ruling the stability of the
different phases is the number of available electrons as modified by the amount and the kind of
a neighboring element. The compounds with refined formulae, I, IT and V, are Zintl phases
according to the electron count while compounds IIT and IV could be such if their compositions

are KIn, 733Cd,) 567 and K44Ing,Cds, respectively.
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INTRODUCTION

The chemistry of indium with negative oxidation states has shown to be remarkably
diverse even in the binary alkali-metal—indium systems. It spans from a simple (noncluster)
network of 8-bonded indium atoms in KIn41 (oxidation state of -0.25 for In) through
complicated structures of networks of clusters with 7-, 6- and S5-bonded indium atoms (NajIn;; 4
as an example,2 oxidation state of -0.65 for In) and isolated clusters of 5- and 4-bonded indium
atoms in Kglnn3 (oxidation state of -0.72 for In), to the extreme case of isolated clusters of 3-
bonded indium atoms in Na21n4 (oxidation state of -2 for In). Such fertile soil in the binary
systems provokes an obvious next step of exploring temary systems. Two paths have been
undertaken, one in which cations are mixed and another, where indium atom is substituted or
indium cluster is centered by a third element. Both have provided yet more new and structurally
novel compounds. A few examples are the mixed cation compound K3Na,In,e with closo- and
arachno-[n,z.s the isolated In;oHg cluster in Kgln, Hg with one indium atom substituted by
mercury,® and the Zn- and Ni-centered isolated clusters In;yZn and In;¢Ni in K81n102n7 and
lenmNis, respectively.

This article presents five more structure types found for ternary alkali-
metal—indium~—third element compounds. All five are networks of clusters where some of the

indium sites are substituted by the third element.
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EXPERIMENTAL SECTION

Synthesis

All materials were handled in a Ny-filled glovebox. The surfaces of Na (Alpha, 99.9+%,
sealed under Ar), K (J.T.Baker, lump under oil, 98+%) and In (Cerac, granules, 99.999%) were
cleaned with scalpel before use. Si (Johnson Matthey, rod, 99.9999%), Ge (Johnson Matthey,
broken ingot, 99.9999%), Sn (Baker’s Analyzed, drops, 99.999%), Pb (Johnson Matthey,
electrolytic bar, 99.999%), Zn (Fisher, granules, 99.99%), Cd (Comico Products, strips,
99.999%), Hg (Fisher, instrument grade), Cu (J.T.Baker, tumnings, 99.99%), Ag (G. Frederic
Smith, granules, reagent) and Au (government issue, reagent) were used as received. Listed in
Table I are the compositions of the mixtures of alkali-metal—indium-third element and the
products obtained. Each mixture was loaded in a container of Ta-tubing that was welded at both
ends under He at negative pressure. The containers, jacketed in evacuated and sealed fused-
silica tubes, were then heated at different temperatures. Reactions 4, 7 and 20 (Table I) were
heated at 700°C for two days and then cooled to room temperature at a rate of 5° per hour. The
rest of the reactions were heated at 600°C for two days and then cooled to room temperature at a
rate of 3° per hour. All products were gray, brittle and with a metallic lustre.
Characterization

A powder pattern from each product was obtained from a small portion of a powdered
sample mounted between pieces of cellophane tape. An Enraf-Nonius Guinier camera, Cu Ko,
radiation (A = 1.540562 A) and NBS (NIST) silicon as an internal standard were employed for
this purpose. Five new structure types and, sometimes, known binary compounds were present
in the products. The new structures were refined for at least one compound (below), and powder
patterns were calculated based on the refined parameters. The rest of the products were

identified by matching the observed powder pattern with a calculated one, and the results are
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presented in Table I. The lattice parameters for each phase were determined by a least square
refinement of the measured 20 values indexed on the basis of the corresponding calculated
pattern.

Structure refinement

All structures were refined with the aid of the TEXSAN package.9

Nayslngg 4Zny s and Nayslngg gAusg 4 (I). The two compounds are isostructural. Data
collection and refinement parameters for the two are listed in Table II. Following is a more
detailed description of the determination of the structure.

The product of reaction 12 (loaded as Nagln,4Zn) was crushed and a few small pieces
were sealed in glass capillaries. These were checked for singularity by oscillation film
techniques and some were aligned. A Weissenberg photograph of the zero layer of one of them
(0.1 x 0.1 x 0.2 mm) revealed a hexagonal cell with a mirror plane perpendicular to ¢ (the
crystal happened to be aligned along the a axis). An oscillation photograph from another crystal
showed layer spacings inconsistent with the hexagonal cell determined from the first crystal.
Later, the symmetry of the second crystal was determined to be cubic, and the structure was
refined (structure II, below). The crystal with the hexagonal cell was mounted on a CAD4
single crystal diffractometer and 25 reflections from a random search were indexed with a
hexagonal cell with cell dimensions close to the ones estimated from the film methods. Data
from two small octants of reciprocal space were collected at 23°C with monochromated Mo Ko
radiation up to 28 = 50°. Corrections were applied for Lorentz and polarization effects and for
absorption with the aid of the average of three y-scans at different 6 angles. No systematic
extinction condition was observed and the Wilson plot statistics suggested a centrosymmetric

space group. Thus 6/mmm was chosen for the first trials and later showed to be the correct

space group.
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Direct methods provided seven peaks with distances appropriate for indium atoms, one
(In7, below) with distances of ~1.77 A to two of its symmetry related positions but with
distances to the rest of the atoms appropriate for indium, and one (Inl, below) with distances
shorter by ~0.2 A from the distances around the first seven peaks. The peak heights of the last
two plus two of the first seven positions (In8, 9, below) were about half of the peak heights of
the remaining five. Nevertheless, all were assigned as indium atoms for the first few least-
square cycles, A difference Fourier map revealed all eight sodium atoms, The subsequent
refinement with the sodium atoms included led to about twice as large thermal parameters for
In7-9 and about 1.3 times larger thermal parameter for Inl than the remaining indium atoms.
In2 and 3 had relatively large thermal parameters as well. Next, the occupancies of all indium
atoms were freed to vary while the sodium occupancies were held fixed. The occupancies of
Inl, 7, 8 and 9 dropped down to 50~60% and those of In2 and 3 to 80-90%. In4—6 deviated
only by ~2% (0.56) from full occupancy. It was clear that In7 is statistically half occupied in
order to avoid the short distance of 1.77 A to symmetry related positions. It was not clear,
though, which of the remaining partially occupied positions had some zinc mixed with the
indium. The fact that such compound does not exist in the binary Na—~In system indicates that
the structure is truly ternary but how much zinc is involved and where it is positioned was not
clear at this point. Fortunately, a crystal from an isostructural Na~In—Au compound was found
and was studied by single crystal means.

A few small pieces from the crushed product of reaction 17 (loaded as Nagln;jAu) were
sealed in glass capillaries and checked for singularity by oscillation film technique. One of them
(0.15 x 0.2 x 0.2 mm) was aligned along the a axis, and Weissenberg photographs of the zero
and the first layers proved the correctness of the chosen Laue class 6/mmm. Data were collected

on CAD4 single crystal diffractometer from one big octant of reciprocal space up to 26 = 50°




230

with monochromated Mo Ko at 23°C. Corrections were applied for Lorentz and polarization
effects and for absorption with the aid of the average of two y-scans at different 0 angles. The
positional parameters from the partially refined Na—In—Zn structure were used for the first few
least-squares cycles. All indium atoms were initially kept at full occupancy. This time, the
thermal parameters of In1-3 became smaller than those of In4—6 while the ones for In7-8
remained about twice the latter. When the occupancies of the indium atoms were freed to vary
In1-3 showed occupancies larger than full and In7-9 showed occupancies of 50-60%. This is
a very strong indication that the In1-3 sites have some of the third element Zn or Au mixed in
while the In7-9 sites are truly partially occupied by indium only. Therefore, In and Au were
refined in the In1-3 sites by keeping the occupancies at full. In the final least-squares cycles,
the data were additionally corrected for absorption by DIFABS empirical absorption correction,
and all atoms were refined with anisotropic displacement parameters. The refinement converged
at R, Ry, = 2.7, 3.1% with a refined formula Na,3Inyg 5¢1)AU; 49¢7). The largest residual peaks in
the final difference Fourier map were 2.01 /A (0.8 A from In8) and -1.73 e/A3.

After Zn was mixed in the In1—~3 positions of the first structure and DIFABS empirical
absorption correction applied to the data all atoms were refined with anisotropical displacement
parameters. The final refinement converged at R, R, = 2.8, 3.2% and gave a refined formula
Nayslngg 42)Zny 1) The largest residual peaks in the final difference Fourier map were 1.76
e/A3 (0.9 A from In8) and -1.94 e/A3,

The largest degree of mixing of Zn or Au with In occurs at the Inl site in both
structures, 53(1)% Zn and 27.6(6)% Au. This site is a part of an icosahedron (below) and has a
very short exo bond (2.662(4) A in the Zn and 2.761(2) A in the Au derivatives) to its symmetry

related position, thus interconnecting the icosahedra into a network. It is important to note here
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that similar sites occur in the other four structures, and usually they are the ones occupied by the
third element.

Nagln;s oZny 3 (IT). It was mentioned above that a single crystal with cubic symmetry
was found in the crushed product of reaction 12 (loaded as NagIn;4Zn). The crystal (0.15 x 0.15
x 0.20 mm) was mounted on a CAD4 single crystal diffractometer and 25 reflections found from
random search were indexed with a face-centered cubic cell. Data from one octant of reciprocal
space were collected at 23°C up to 20 = 50° with monochromated Mo Ka radiation. The data
were corrected for Lorentz and polarization effects and for absorption with the aid of the average
of three y-scans at different 0 angles. An additional systematic extinction condition Ak0; h + k
# 4n was observed. The Wilson plot statistics showed presence of a center of symmetry and,
therefore, Fd3m was chosen for the structure solution. Listed in Table I1I are some data
collection and structure refinement parameters.

Direct methods provided four peaks with distances appropriate for indium, but two of
them, In2 and 4 (below), were with lower heights, approximately 2/3 and 1/2, respectively, of
the heights of the other two. Also, the distance between two symmetry related In2 sites was
shorter by ~0.2 A than the rest of the distances. All four peaks were assigned as indium and a
few least-square cycles and a difference Fourier map revealed four sodium positions. The
thermal parameters for In2 and 4 became much larger than those of the other two indium atoms.
Next, the occupancies of all indium atoms were varied while those of the sodium atoms were
kept fixed. The occupancies of Inl and 3 did not deviate by more than 4% (16) from 100%, but
In2 and In4 became 75% (8¢ from full occupancy) and 52% (40c from full occupancy),
respectively. It was not clear, as in the refinement of the previous Zn-containing structure
(above), which of the two positions contained zinc. A closer look at the bonding of In2 and 4

revealed that the first one corresponds to the Inl site from the previous structure (the site with
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the biggest Zn mixing), that is, a part of an icosahedron that is exo bonded via a very short bond
of 2.652(3) A to an equivalent symmetry-related atom. In4, on the other hand, is a part of an
icosioctahedron (In;¢) and is six-bonded within the cluster. Moreover, if fully occupied this
atom would be exo bonded (a seventh bond) to a symmetry equivalent atom. From previous
experience, such a situation is very unlikely. From the two factors above it was quite clear that
the In2 site has some Zn mixed in while the In4 site is partially occupied. The final refinement
with Zn added to give a full occupancy of the In2 site, varied occupancy of the In4 site,
anisotropic displacement parameters for all atoms and refined secondary extinction coefficient
converged at R, R, = 2.6, 3.0%. The largest residual peaks in the final difference Fourier map
were 1.01 ¢/A% (0.76 A from In3) and -1.34 ¢/A*. The refined formula is Nagin g3 Zn, 53,

Kin, ,Cd, (III). A few small pieces from the crushed product of reaction 18 (loaded as
K,In,Cd) were sealed in glass capillaries and checked for singularity by oscillation film
technique. One of them (0.1 x 0.1 x 0.2 mm) was chosen, aligned and a Weissenberg
photograph of the zero layer taken, This combined with a lattice parameter determined from the
oscillation photograph defined a hexagonal unit cell and a 6/mmm Laue class (the crystal
happened to be aligned along the a axis). The same crystal was mounted on the CAD4 single
crystal diffractometer, and 25 reflections found during a random search were indexed with the
expected hexagonal cell. Data were collected from one large octant at 23°C up to 26 = S0° with
monochromated Mo Ka radiation, These were corrected for Lorentz and polarization effects and
for absorption with the aid of the average of four y-scans at different 0 angles, The Wilson plot
statistics suggested a centrosymmetric space group, and since no systematic extinction condition
was observed P6/mmm was chosen for the structure solution. The data collection and the

structure refinement parameters are listed in Table IV.
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Direct methods provided six peaks with distances appropriate for indium and they were
so assigned. A few least-square cycles and a difference Fourier map revealed five positions with
distances appropriate for potassium. One of them, K5 (below), was relatively smaller than the
rest. They were assigned as potassium atoms and & few least-square cycles led to thermal
parameter for K5 about six times larger than the rest. The thermal parameters of In5 and 6 were
also larger than those of the rest of the indium atoms, three and two times, respectively. Next,
anisotropic displacement parameters were refined for all atoms. This showed that K5 tends to be
elongated along the ¢ axis. This atom is positioned at the center of a hexagonal prism of In5
face-centered by In6 (below). The hexagonal ends of the prism are quite large openings normal
to the ¢ axis. The prisms are stacked on top of each other and form a cylindrical channel along
which the potassium atoms are apparently free to "travel”. In order to examine the environment
around K5 more closely, a Fourier map was calculated based on F,; with phases from the
model. A section of it, passing through K5 and In5, is shown in Figure 1 (¢ vertical). The four
black spots are the positions of In5 and at the center is the KS position. It can be seen that there
are two quite elongated satellites above and below K5, approximately 2.5 A from it. A closer
look reveals that the satellites are near the planes of the ends of the hexagonal prism and have
two maxima with heights of approximately 16 and 13 e/A3, Initially, two potassium atoms were
placed at the maxima but the subsequent refinement showed very strong coupling between their
thermal parameters, one becoming very large and the other negative. Next, one potassium atom,
K6, was refined somewhere between the two maxima. This time coupling occurred with the
thermal parameter of the central potassium atom. The problem was approached by constraining
each of the anisotropic displacement parameters of K6 to be equal to the corresponding one of
K$5 and, also, the sum of the occupancies of the two sites to be equal to one potassium atom per

hexagonal prism. This led to a non-positive definite thermal parameter for the two potassium




234

atoms. This result and the fact that two potassium atoms were refined in a similar hexacapped
hexagonal prism found in K;¢Ingg ,Cd, led to the conclusion that the total electron density inside
the indium formation should be approximated with two rather than one potassium atoms.
Subsequently, the sum of the occupancies of K5 and 6 was constrained to 2 atoms per indium
cluster and the refinement converged at R, R, = 3.5, 5.8%. This gives an approximate formula
Kln, ,Cd, for the compound. The largest residual peaks in the final difference Fourier map are
6.2 e/A3 (at K5, which could not be approximated better) and -3.56 ¢/A3. The K5 position
refined with 80(4)% occupancy and this means that there is one potassium atom in 80% of the
indium hexagonal prisms. This, of course, is inconsistent with the assumption that there are two
potassium atoms in each prism but it is not possible to refine the sum of the occupancies of K5
and 6 since they have to be constrained to a fixed number. Therefore, the total content of
potassium in the compound might be slightly less than estimated.

The thermal parameters of In5 and 6 are larger than those of the rest of the indium
atoms. In order to check whether these two atoms might be partially occupied, the occupancies
of all indium atoms were freed to vary while those of the potassium atoms were kept fixed.
This resulted in a maximum deviation of 2% (16) from full occupancy and therefore all indium
atoms were refined as fully occupied. The same procedure performed on the occupancies of
K1-4 showed a maximum deviation of 8% (46), and therefore these atoms were also kept with
full occupancies in the final refinement,

A second data set was collected from the same crystal at a temperature of -60°C. The
idea was that if K5 and 6 move more or less freely along the channel of stacked hexacapped
hexagonal prisms, their movement might be reduced at the lower temperature. Unfortunately, no

significant improvement was achieved for the thermal parameters of these two atoms in the
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refined structure. As expected, all atoms had smaller thermal motions but KS and 6 retained
their elongated thermal ellipsoids and a split type position for K6.

Since In and Cd differ only by one electron, it was not possible to determine how much
and where the cadmium atoms are positioned. It was clear, though, that the phase is temary
since the binary K~In system has been studied quite extensively and no similar compound has
been found. As can be seen from Table I, a compound with the same structure forms in the
K-In—Hg system. Diffraction data set was collected from a single crystal of this compound
(reaction 22, loaded as K4IngHg), but it could not be refined to a satisfactory result.
Nevertheless, even when partially refined to R = ~7%, the structure of the compound suggested
quite clearly that Hg is mixed in the In2, 3 and 4 sites. These atoms form icosahedra (below)
interconnected in a similar manner as the ones in the hexagonal I and cubic II structures
(above). Similarly, all icosahedral sites in the former and one such site in the latter were refined
with third-element content (above). It is logical, therefore, to have the same type sites with
mixed In and Cd in the present compound, although how much of each element is present is
impossible to determine. The result from the partial refinement of the corresponding Hg-
substituted compound suggests an approximate formula KIn, g4.5Hgg 34(3) (~K;InsHg).

K34lngo.,Cd, (IV). A few pieces from the crushed product of reaction 20 (loaded as
KgIngCd,) were sealed in glass capillaries and checked by oscillation film technique for
singularity. Two of them were aligned, and Weissenberg photographs were taken from the
corresponding zcro layers. These combined with the layer spacing determined from the
oscillation photographs revealed an R-centered hexagonal cell (the two crystals happened to be
aligned along the a axis) with a very long c axis of approximately 76 A. One of these crystals
(0.2 x 0.15 x 0.1 mm) was mounted on a CAD4 single crystal diffractometer and 25 reflections

found during random search were indexed with a rhombohedral cell with the expected
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dimensions. Data from one big octant of reciprocal space were collected with ®-scans at 23°C
up to 20 = 50° with monochromated Mo Ko radiation. Although the ¢ axis is very long,
because of the rhombohedral systematic extinction, no overlap of reflections was observed. The
data were corrected for Lorentz and polarization effects and for absorption with the aid of the
average of four y-scans at different 0 angles. No additional systematic extinction condition was
observed, and since the Wilson plot statistics suggested a centrosymmetric space group Rim was
chosen. The data collection and structure refinement parameters are listed in Table V.

Direct methods provided 17 positions with distances appropriate for indium, and the&
were assigned as such. A few least-square cycles followed by a difference Fourier map revealed
sixteen positions with environments and heights appropriate for potassium atoms, and they were
so assigned. The refinement with isotropic thermal parameters proceeded smoothly to R = 9%
but K16 and, to some extent, K14 and 15 had thermal parameters somewhat larger than the rest.
Next, all atoms were refined with anisotropic displacement parameters. This led to very large
ratios of Us, : Uy = 3, 4.5 and 12 for K14, 15 and 16, respectively. A more detailed study of
the environment and the electron density around these positions was performed. The three atoms
are surrounded by a cylinder of indium atoms, a hexacapped hexagonal prism, and they have
each other for neighbors along the axis of the cylinder, the ¢ axis. K14 and 15 are above and
below and K16 is inside the hexacapped hexagonal prism. A Fourier map calculated from F_;
with phases defined by the refined structure revealed that K14 and 15 are truly single atoms
elongated along ¢ but that the third one, K16, has two maxima very close to each other. A
section of the Fourier map passing through K16 and two of the capping atoms Inl15 of the
hexagonal prism is shown in Figure 2 (¢ horizontal). The number of electrons in the elongated
formation inside the prism was determined by integrating the electron density over the surface of

the different isoelectronic contours. The resulting number of 36(1) electrons indicated that there
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were two potassium atoms disordered inside the hexagonal prism. The fact that the latter has a
mirror plane perpendicular to ¢ through the capping Inl5 atoms means that one potassium atom
is in one-half of the prism and the second, generated by the mirror, is in the other half. The
approximation of the unique potassium atom was done by refining two atoms with partial
occupancies at the two maxima of the electron density, K16 at the higher and K17 at the lower
maximum. The sum of the two occupancies was constrained to two potassium atoms per
hexagonal prism. In contrast to the refinement of the previous structure III, which has the same
hexacapped hexagonal prisms, the two partially occupied potassium positions inside the prisms,
K16 and 17, were successfully refined with independent thermal parameters, The final R and
R,, became 3.1 and 4.5%, respectively, after the data were corrected for absorption by a
DIFABS empirical absorption correction and all atoms refined with anisotropic displacement
parameters. The largest residual peaks in the final difference Fourier map were 3.7 e/A3 (0.8 A
from K17) and -1.8 /A3, The positions and the number of cadmium atoms could not be
determined because of the negligible difference in the scattering power compared to that of
indium and, therefore, the formula of the compound can be written only approximately as
K34Ing «Cd,. When varied, the occupancies for the indium positions did not deviate by more
than 4% (1c) when the occupancies of the potassium positions were held fixed, and by more
than 8% (50) for the potassium positions (except K16 and 17) when the occupancies of the
indium positions were held fixed.

Nayglng, oSng ; (V). A few crystals from the crushed product of reaction 7 (loaded as
Na,,In,;,5n,) were scaled in glass capillaries and checked for singularity by oscillation film
technique. Some of them turned out to be of the KIn, ,Cd,-type structure according to lattice
parameters determined from the oscillation photographs, but some showed layer spacings

inconsistent with that structure. One of the latter (0.3 x 0.1 x 0.08 mm) was chosen, mounted
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on a Rigaku AFC6R rotating anode single crystal diffractometer, and the 25 reflections found
during a random search were indexed with a rhombohedral cell with a quite long ¢ axis of ~52
A. Data from one big octant of reciprocal space were collected at 23°C up to 20 = 50° with
monochromated Mo Ko radiation. These were corrected for Lorentz and polarization effects and
for absorption with the aid of the average of three y-scans at different 6 angles. The Wilson
plot suggested a centrosymmetric space group and therefore R3m was chosen. Data collection
and refinement parameters are listed in Table VI

Direct methods provided fourteen positions with distances appropriate for indium but
four of them with somewhat smaller heights than the rest. All were assigned as indium and after
a few least-square cycles and a difference Fourier map, ten positions appropriate for sodium
were found and assigned as such. The subsequent refinement led to quite large thermal
parameters for four indium positions, In6 and In12—14. The occupancies of these were freed to
vary and showed values substantially lower than 100%. Next, the data were corrected for
absorption by a DIFABS empirical absorption correction, and all atoms were refined with
anisotropic displacement parameters. The final residuals and the largest peaks in the final
difference Foruier map were R, R, = 4.5, 5.1% and +2.11 ¢/A3 (1.4 A from In14) and -2.53
e/A3, respectively. The approximate formula at this stage was Na,glng,. It was clear, though,
that some Sn is mixed in some of the In sites since no such structure occurs in the binary Na—In
system. Again, the small difference of one electron between In and Sn made the questions of
amount and locations of the tin atoms unanswerable.

The structure contains icosahedra connected to each other in a very similar manner to all
four of the structure described above. The position of In14 is the one via which these clusters
are bonded and this type of position contains a third element mixed in for structures I and IL

Moreover, the distance from Inl4 to its symmetry related position in another icosahedron,
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2.806(7) A, is shorter than the "normal" range of In—In distances of 2.85 to 3.1 A. Also, the
distance from this position to its symmetry related position in the same icosahedron, 2.853(7) A,
is unusually short for an intracluster In—In distance. These observations suggest that the six-
bonded In14 may be a tin position and, therefore, a tin atom was refined there. The occupancy,

76(1)%, remained below full and gave final formula NagIngg 1ySng 1y
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RESULTS AND DISCUSSION

Structure description

Nayslngg Zny ¢ and Nayslngg ¢Aus 4 (I). The final positional and thermal parameters for
each of the two compounds and the important distances are listed in Tables VII, VIII and IX,
respectively. A general view of the anionic network of the structure is shown in Figure 3 where
all distances less than 3.5 A are drawn and the building blocks are shaded.

It can be seen from Figure 3 that the structure is built of two types of clusters, In,, and
In;s, and a quite open formation of 21 atoms, a "spacer", all interconnected via exo bonds. The
first type of clusters, a 12-bonded icosahedron with D,, symmetry (Figure 4a) is centered on the
3g (mmm) position. It is built of Inl, 2 and 3, the sites with some mixing from the third
element Zn or Au. The cluster is bonded to four clusters of the same type through Inl~Inl
bonds, to four In, s clusters through In3—In4 bonds, and to four spacers through In2—-In5 bonds.
Many of the intra- and inter-cluster distance are very short for In~In, the shortest of them
associated with the site with the largest amount of third element mixed in, Inl. One intra- and
one inter-cluster distances from this site to two symmetry equivalent positions are only 2.662(4)
A for the Zn-substituted compound and 2.761(2) A for the Au-substituted one. The latter is
apparently larger because of the larger Au atom and also because Au substitutes 27.6(6)% for the
indium in this position while Zn does 53(1)%. The other four intracluster distances from Inl are
also short, 2,923(2)~2.939(1) and 2.9275(8)-2.948(1) A for the Zn and Au derivatives,
respectively. In2 and 3 have smaller amounts of Zn (6(1) and 18(1)%, respectively) or Au
(13.4(6) and 15.6(6)%, respectively), and therefore the contraction of the distances to these
positions is not as pronounced. The intracluster bonds around In2 are in the ranges
2.939(1)-3.011(1) and 2.9275(8)-3.071(2) A and the exo bonds are 2.937(2) and 2.913(1) A

for the Zn and the Au derivatives, respectively. In3, which has more of the third element mixed
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in than In2, has even shorter intracluster, 2.923(2)—3.011(1) A for the Zn compound and
2.9265(2)—3.0403(9) A for the Au compound, and intercluster distances, 2.878(2) and 2.866(1)
A for the Zn and Au derivatives, respectively.

The next building block, a 15-bonded closo-In, 5 cluster centered on the 2c (6m2)
position, has Dy, symmetry (Figure 4b). It is built of In4, 6 and 9 and its geometry can be
viewed as tricapped truncated trigonal prism. It has 26 hexagonal faces and can be called
icosihexahedron. The atoms of the truncated prism (In4, 6) are 5-bonded within the cluster and
the ones capping the hexagonal faces (In9) are 6-bonded. The distances from the 6-bonded In9
atom, 3.265(1) and 3.263(1) A to In4 and 3.440(2) and 3.445(1) to In6 in the Zn and Au
compounds, respectively, are quite longer than those from the 5-bonded atoms. Such differences
have been seen for 6-bonded atoms in other clusters and this is normal since more but longer
bonds can equate to fewer but short ones. All of the atoms are also exo bonded, In4 to In3 from
six icosahedra, In6 to In8 from three 21-atom spacers (2 bonds to each spacer) and In9 to In9
from three other In, 5 clusters. The In9 site refines as 63.1(4) and 64.4(4)% In in the Zn and Au
compounds, respectively. The two numbers are equal within 36, a good indication that no Zn or
Au are mixed with indium in this site. The fact that it is partially occupied is not surprising
since similar 7-bonded (6 intra- and 1 inter-cluster bonds), partially occupied indium positions
are common features in other large clusters. Examples are found in 8-bonded closo-Iny¢, 12-
bonded closo-In g and 16-bonded closo-In;¢. Since the exo bond is In9—In9, half occupancy of
this site would mean that when one site is occupied, the other is left empty so that no exo bond
is present and, therefore, the atom at the filled position has a lone pair pointing at the empty
position. A 63-64% occupancy means that some 26-28% of the In9—In9 pairs will have both

sites filled and therefore an exo bond will exist.
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The 21-atom “"spacer” is shown in Figure 4¢. It is centered on the position /a (6/mmm
type) with a 6-fold axis and six mirror planes containing that axis. Figure 4c shows only one of
the two possible orientations for the spacer while Figure 5 shows how the formation required by
the symmetry of the 6/mmm position is generated by overlapping two equivalent spacers rotated
60° from each other. The In5 position is common to both orientations and has full occupancy in
both Zn and Au compounds. One-half of the In7 and In8 positions belong to one orientation
and the other half, to the second. Moreover, an occupied In7 position in one orientation
excludes the possibility of having the same position occupied in the other orientation because
this would lead to impossibly short In—In separations of 1.775 A. In a very good agreement
with this is the fact that this position refines with half occupancy for both Zn and Au
compounds, 49.8(6) and 50.3(5)%, respectively. The In8 position does not necessarily have to
be with half occupancy since it can be occupied in both orientations at the same time. The
distance from In8 from one orientation to In8 from the other orientation is 3.471(2) A for the Zn
compound and 3.485(2) A for the Au compound. These are quite long In—In distances and are
comparable to the distances between similar but fully occupied positions forming the two ends of
a hexacapped hexagonal prisms present in IIl, d(In—=In) = 3.624(2) A, and in 1V, d(In=In) =
3.567(3) A. In8 refined with equal within 26 occupancies for the Zn and the Au compounds,
60.8(6) and 62.1(6)%, respectively. Again, this proves that no third element mixes with indium
at this position. The fact that In8 is about 11-12% more than half occupied means that when
three In7 and six In8 atoms are with one orientation, additional In8 atoms from the other
orientation may be present as well. These extra atoms will have different bonding than the other
six In8 atoms since no bond can be formed to In7.

The geometry of the 21-atom spacer can be viewed as two truncated tetrahedra fused

through one triangular face. Some of the hexagonal faces near the waist may be capped by In8.
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It is 18-bonded to 12 icosahedra (In5~In2) and 3 In,5 clusters (two In8—In6 to each In;s). The
two orientations are equivalent and equivalently bonded and, therefore, the energy difference
between them will be zero. This probably is the reason why preferred orientation and
subsequently a formation of a superstructure do not occur. Attempts to refine the structure in
lower symmetry space groups did not produce a new result.

Finally, the structure can be viewed as somewhat related to a very common structure
among the intermetallic compounds, that of CaCus. The latter is called a o-phase and is very
closely related to the Laves phase MgCu,. The structure is composed of a network of tetrahedra
of Cu atoms fused through one face and through all four vertices and "interstitial"-like Ca atoms
in the big voids of the network. The relation of the structure of I to that of CaCug is such that
the centers of the In;, and In, 5 clusters in the former are at the positions of the Cu atoms in the
latter, and the centers of the 21-atom spacers in the former are at the positions of the Ca atoms
in the latter. A condensed view of the structure presented in Figure 6 clearly shows this relation.
Crossed circles represent the 21-atom spacers (Ca in CaCus), octant-shaded circles are used for
the In, 5 clusters (2-fold Cu position in CaCus) and open circles are used for the icosahedra (3-
fold Cu position in CaCus). The icosachdra form Kagomé nets and these are joined via bonding
to the icosihexahedra,

All sodium cations except Nal and 2 are in the voids between the building blocks and
cap their faces. Nal centers the In,5 cluster and Na2, the two fused truncated tetrahedra of the
21-atom spacer.

As can be seen in Table I, this structure occurs not only when the third element is
electron-poorer, e.g. Cu, Ag, Au, Zn, Hg, but also when it is electron-richer than indium, e.g. Si,
Ge, Sn. It is not clear why and how this happens and also why the same structure does not exist

in the corresponding binary alkali-metal—indium systems.
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Nagln 4 ¢Zn, 3 (I). The final positional and thermal parameters and important distances
are listed in Tables X and XI, respectively. A general view of the anionic network of the
structure is shown in Figure 7 where all distances less than 4.0 A are drawn and the building
blocks are shaded.

The anionic structure is a network of two kinds of building blocks: a 12-bonded
icosahedron, In;,, and a 16-bonded icosioctahedron, In;¢. The icosahedron (Figure 8a) is
centered on the I6¢ (3m) position and has Dy, symmetry. It is built of Inl and 2 and is 12-
bonded to 6 icosahedra (In2—-In2) and 6 icosioctahedra (Inl—In3). The icosahedra form Kagomé
nets. In2, the site via which the icosahedra are interconnected, corresponds to the Inl site in
structure I. Not surprisingly then, like Inl in I. In2 in this structure is the site which has some
Zn mixed in, 38(8)%. Also, like Inl in I, the distances from In2 to the surrounding atoms are
shorter than the other In—In distances. These include two intracluster In2—In2 distances of
2.881(3) A, two intracluster In2—In1 distances of 2.955(2) A, one intracluster In2—In1 distance
of 2.889(2) A and one very short intercluster In2—In2 distance of 2.652(3) A.

The icosioctahedron In¢ (Figure 8b) is centered on the 8b @3m) position and has Ty
symmetry. It is built of In3 and 4 and is 16-bonded to 12 icosahedra (In3—In!) and 4
icosioctahedra (Ind—In4). Its geometry is a truncated tetrahedron of In3 tetracapped by In4. The
same cluster but 8- and 12-bonded has been found in Na;In,, ; and Na,sIn,, 5, respectively.
Again, the intracluster distances from the 6-bonded In4, 3.399(5) A, are longer than those
between the 5-bonded In3 atoms, 3.013(3) and 3.062(2) A. In4 refines with occupancy of
52(1)%, one-half within 26. If fully occupied it would be exo bonded (a seventh bond) to In4
from another icosioctahedron and, as discussed above, this is apparently an unfavorable situation.

Instead, when the In4 site in one icosioctahedron is filled, the neighboring equivalent site in the
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adjacent icosioctahedron is presubably empty and no exo bond is formed. A lone pair on the
filled site would be pointing towards the empty one.

The structure can be viewed as related to the well known Laves phase MgCu, which is
built of Cu tetrahedra sharing all corners with each other and “interstitial"-like Mg atoms in the
voids of the Cu network. The relation with II is such that the icosahedra are centered on the Cu
positions and the icosioctahedra are centered on the Mg positions. A condensed view of the
structure shown in Figure 9 illustrates this. All sodium cations except Na4 are in the voids
between the clusters and cap their faces. Na4 centers the icosioctahedron.

The same structure type has been reported by Charbonnel and Belin for the compound
Nag 753yGa; 4.06(5)Cd5.94.10 There are two differences in their refinement compared with that
presented here. Firstly, the third element Cd was refined mixed with Ga in all of the
icosioctahedral sites, 70.7(7) and 85(1)% Cd in the corresponding In3 and In4 sites, respectively.
No partially occupied sites on the icosahedra were observed. Secondly, the Nal site which is
located in the tetrahedral void between four icosahedra was refined with 49(5)% occupancy.
From our experience, a partially occupied alkali-metal site is a very unlikely situation. (No such
site has been encountered by us in any of the alkali-metal—indium—(third element) structures.)
The composition of the compound provides 1.25 electrons fewer than the needed 64, and this has
been explained by "hypoelectronic interpolyhedral bonding", a phrase invented especially for this
compound since no other compound in the Ga or In systems has such bonding. The refined
formula for Nagln, ¢ ¢Zn, 5 provides 9 + 16.8 x 3 + 2.3 x 2 = 64 electrons (below) and is more
likely to be the right composition.

Kin, ,Cd, (III). The final positional and thermal parameters and the important distances

are listed in Tables XII and XIII, respectively. A general view of the anionic network of the
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structure is shown in Figure 10 where the building blocks are shaded and all distances below 4.0
A are drawn.

The network of this structure is assembled of three building blocks: a 12-bonded
icosahedron, a 6-bonded triangle and a 12-bonded 18-atom "spacer" with a shape of a
hexacapped hexagonal prism (a "Big Mac"). The icosahedra (Figure 11a) are centered on the 3g
(mmm) positions and have D,, symmetry. They are built of In2, 3 and 4 and are bonded to 4
icosahedra (In2—~In2), 4 triangles (In4~In1) and 4 spacers (In3—InS). Interconnected via In2, the
icosahedra form the same Kagomé nets as found in I and II. The In2 site corresponds to Inl
and In2 in I and II, respectively. The distances around this position in the latter two structures
are too short for In—In distances and a third element Zn or Au was found mixed with In in the
site. In contrast, the distances around In2 in this structure, 2.995(2)~3.123(1) A, are in the
“normal” In=In range. Similar to I, II and the partially refined Hg derivative, it is thought that
Cd substitutes for In in some of the icosahedral sites.

The second building block, a 6-bonded triangle (Figure 11b), is centered on the 2d
(6m2) position and has Dy, symmetry. Each Inl atom of the triangle is 4-bonded, two bonds in
the triangle and two exo bonds to two icosahedra (In1—In4).

The 18-atom spacer (Figure 11c) is centered on the 16 (6/mmm) position and has Dy,
symmetry. It can be considered as a hexagonal prism formed of In5 that is face-centered
(rectangular faces) or hexacapped by In6. It is 12-bonded to 12 icosahedra (In5—In3). The
distances between InS and In6, 2.920(1) A, are in the "normal" In—In range, but the distances
within the hexagonal rings of In5 and In6 are quite longer, 3.624(2) and 3.267(2) A,
respectively. The shorter bonds within the middie hexagon of In5 compared with those within
the end hexagons of In6 make it somewhat squeezed at the waist. The distance between the InS

atoms is practically out of the bonding range, and therefore these atoms are only three-bonded.
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Bonds between these atoms are shown in Figure 11c only to clarify the shape of the formation,
The length of the exo bond at In3, 3.001(2) A, is typical for In—In. It looks like the surrounding
icosahedra pull the InS atoms outward and they, in turn, pull the In6 atoms outward. The impact
of this is more strongly pronounced on the hexagons of In5 than on the hexagons of In6.

Indeed, what we find is a prism more expanded at the ends than at the waist. All of this
suggests that the shape and the distances of this so-called spacer are determined to a great extent
by external and not so much by internal factors. This conclusion is also supported by the fact
that the same formation but with somewhat shorter InS—InS and In6—In6 distances, 3.567(3) and
3.191(2) A, respectively, exists in K;4Ingg ,Cd, (IV) where the decrease is apparently a result of
a more densely packed Kagomé net of icosahedra.

Like I, this structure can also be viewed as related to the o-phase CaCus. A condensed
view of the structure is shown in Figure 12. Again, icosahedra are centered on the 3-fold Cu
positions, but this time triangles instead of In,5 clusters are centered on the 2-fold Cu positions.
The Ca position is the center of the 18-atom spacer. As Ca in CaCus, the spacers in this
structure form chains along the ¢ axis. The hexagonal prisms are stacked on top of each other
and form a cylindrical channel (Figure 10).

All potassium atoms except K5 and 6 are in the voids between the building blocks and
cap their triangular faces. K5 and 6 are inside the 18-atom spacer and are disordered along the
axis of the cylindrical channel.

As in structure I, this structure also exists with elements electron-poorer or electron-
richer than indium (Table I). The partially refined structure of KlIn, ¢,5Hgg 36 provides the 202
(within 30) electrons needed for bonding (below) and, therefore, the compounds with Si, Ge, Sn
or Pb would have some antibonding states filled. On the other hand, although listed under this

structure type in Table I, the electron richer compounds may have some slight modifications of
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the structure that are undetectable by powder diffraction. Moreover, a partial structure
refinement of the Ge analogue has shown that although the bulk part of the structure is the same
as KIn,_,Cd,, the two ends of the hexacapped hexagonal prism may be capped by Ge atoms.
Also, the prism is expanded rather than squeezed at the waist. These differences may lead to
different electronic requirements, but practically the same powder pattern. Again, it is not clear
why the structure does not form in the binary alkali-metal—indium systems.

Kj/lngg ,Cd, (IV). The final positional and equivalent isotropic thermal parameters, the
anisotropic displacement parameters and the important distances are listed in Tables XIV, XV
and XVI, respectively. A general view of the anionic network of the structure is shown in
Figure 13 where the building blocks are shaded, and all distances less than 4.0 A are drawn,

The structure is composed of five different building blocks: 12-bonded icosahedra, 6-
bonded icosahedra, 6-bonded triangles, 15-bonded 15-atom spacers and 12-bonded 18-atom
spacers. The 12-bonded icosahedra (Figure 14a) are centered on 18h (m: ~1/6, 2x, 0.1) positions
and have C, symmetry. They are built of In2, 3, 5, 6, 7, 8, 9 and 10, and are bonded to four
icosahedra of the same type (In3~In3 and In7-In7), one 6-bonded icosahedron (In9—In4), two
triangles (In2—-Inl and In5~Inl), three 15-atom spacers (In10-Ini1 and In8-In12) and to two
18-atom spacers (In6-Inl17). These clusters form Kagomé nets like the 12-bonded icosahedra in
structures I-III. Atoms In3 and 7 provide the intralayer bonding between the clusters and
therefore correspond to the Inl position in I and the In2 position in II, the sites with mixed In
and Zn or Au occupancies. In contrast with I and II, though, the distances from In3 and In7 to
their equivalent positions, 2.982(2) and 3.007(2) A for the intercluster In3=In3 and In7-In7,
respectively, and 3.002(2) and 3.017(2) A for the intracluster In3~In3 and In7—In7, respectively,
are "normal” for In~In. The In3-~In3 distances are slightly shorter than the corresponding inter-

and intra-cluster distances in III, 2.995(2) and 3.015(2), respectively, and this leads to slightly
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shorter distances within the hexagons of the 18-atom spacer (below). Similarly to I-III the sites
of In3 and 7 are thought to have some Cd mixed in.

The 6-bonded icosahedron (Figure 14b) is centered on the 3a (3m) position and has Dy
symmetry. It is built of In4 and 13 and is bonded to six 12-bonded icosahedra (In4—In9). The
In13 atoms do not have exo bonds. The clusters provide some of the bonding between every
other pair of Kagomé nets and correspond to the In, 5 clusters in I and to the triangles in IIL

The 6-bonded triangle (Figure 14c) is centered on a 6¢ (3m: 0, 0, 0.83345) position and
has C;, symmetry. It is composed of three Inl atoms, each of which is four bonded, 2 bonds
within the triangle and 2 exo bonds to two 12-bonded icosahedra (In1-In2 and In1-In5). The
triangles provide some of the bonding between the Kagomé nets but only between the ones that
are not already joined via a 6-bonded icosahedron. In other words, triangles and 6-bonded
icosahedra alternate between the Kagomé nets. The same kind of 6-bonded triangles is present
in structure III.

The 15-bonded 15-atom spacer (Figure 15a) is centered on a 6¢ (3m; 0, 0, 0.6403)
position and has C;, symmetry. It is built of In11, 12, 14, 16 and is bonded to nine 12-bonded
icosahedra (In11-In10 and In12—In8) and three spacers of the same type (two bonds In14-In16
to each). The spacer is positioned between every other pair of Kagomé nets, the same pairs
between which the 6-bonded icosahedra are positioned, The same type spacer has been found in
Kpolngg !

The 12-bonded 18-atom spacer (Figure 15b) is centered on the 3b (3_m) position and has
D34 symmetry, but it is very close to Dg,,. The same type spacer was found in III (above). The
distances within the hexagons of this hexacapped hexagonal prism, 3.191(2) A for In15=In15
and 3.567(3) A for In17—In17, are longer than the usually seen range of In~In distances while

the distances between the hexagons, 2.992(2) and 2.994(2), and the exo distances, 3.014(2) A,




250

are within that range. Again, it looks like the In17 atoms are pulled radially outward by In6é
from the surrounding icosahedra and they, in turn, pull out the atoms in the waist hexagon, Inl15.

All potassium cations except K14—17 occupy the voids between the building blocks and
cap their triangular faces. K14 centers the 15-atom spacer, K16 and 17 are disordered inside the
18-atom spacer, and K15 lies between the two types of spacers and caps a hexagonal face of
each.

Finally, the structure can be viewed as related to another o-phase, NbBe,. The latter is
actually an intergrowth structure of the o-phase CaCus and the Laves phase MgCu,. Stacking
alternating layers of the two on each other gives the NbBe, structure, Structure IV is built in a
similar manner. We have already shown that structures II and III can be related to MgCu, and
CaCus, respectively. A layer of III provides one of the two kinds of building layers of IV. The
second type of layer could not be a layer of II since the latter contains 16-atom clusters. On the
other hand, the structure of K,,In,g!! is also related to MgCu, and at the same time has the
same 15-atom spacer as the one found in IV. A condensed view of IV together with a
condensed view of Ky,Insg are shown in Figure 16. Stacking altarnating layers of K,,In,g
(Figure 16b) and of III (Figure 12) on each other gives structure IV,

Nayglng, oSng ; (V). The final positional and isotropic thermal parameters, the
anisotropic displacement parameters and the important distances are shown in Tables XVII,
XVIII and XIX, respectively. A general view of the anionic network of the structure is shown
in Figure 17 where the building blocks are striped and all distances less than 4.0 A are drawn.

The structure is composed of four interconnected building blocks: two types of 12-
bonded icosahedra, 12-bonded closo-In,g deltahedra and 24-bonded 20-atom spacers. The first
type of icosahedron, A-type (Figure 18a), is centered on the 9d (2/m) position and has C,,

symmetry. It is built of the atoms In8, 9, 11 and Sn and is bonded to four A-type and two B-
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type icosahedra (Sn—Sn and In8-In1, respectively), two 20-atoms spacers (two In9-In7 bonds
to each), and two Ing clusters (In11—Ind). Again, these icosahedra interconnected to each other
via Sn—Sn bonds form Kagomé nets. Although Sn and In are undistinguishable by X-ray
diffraction, Sn was refined at this particular site because the corresponding site in I and II has
shown a third element mixed in. Also, the inter- and intra-cluster Sn—Sn distances, 2.806(7) and
2.853(7) A, respectively, are less than the rest of the distances in the structure.

The 12-bonded closo-Ing cluster (Figure 18b) is centered on the 3a (3—m) position and
has D,y symmetry. It is built of In4, 10 and 13 and is bonded to 6 A-type and 6 B-type
icosahedra (In4=In11 and In13-In3, respectively). Its geometry could be considered as that of a
hexacapped (In13) truncated trigonat antiprism (In4 and 10). Since it has 32 faces it can be
named icosidodecahedron. This is the largest deltahedron found and is the first example of this
size. The capping atom Inl3 is 6-bonded within the cluster and has an exo bond. As in many
other clusters with similar 7-bonded atoms, In13 refines partially occupied, 45(1)%. The cluster
has the same function as the closo-In, 5 in I, the triangles in III, and the 6-bonded icosahedra in
IV: it joins the Kagomé nets of 12-bonded icosahedra.

The second type icosahedron, B-type (Figure 19a), is centered on a 6¢ (3m: 0, 0, ~0.3)
position and has C,, symmetry. It is built of Inl, 2, 3 and 6 and is bonded to three A-type
icosahedra (In1-In8), four 20-atom spacers (three In2—-In5 bonds to one and three In6—In5
bonds to three others) and three In; g clusters (In3—In13). In6, which is exo bonded to In5 from
a 20-atom spacer, was refined with 80(1)% occupancy meaning that In5 (Figure 19b) is only 3-
bonded 20% of the time. This will not change the electronic requirements for this particular
bonding (below) since a 2-electron bond In5-In6 is replaced by a 2-electron lone pair on InS

when the In6 site is empty.
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The 24-bonded 20-atom spacer (Figure 19b) is centered on the 36 (3m) positions. It is
composed of In5, 7, 9 and 12 and is bonded to six A-type icosahedra (two bonds In7-In9 to
each) and eight B-type icosahedra (two icosahedra with three bonds In5-In2 to each and six
icosahedra with one bond In5~In6 to each). The spacer can be viewed as built of two parts of
monocapped truncated tetrahedron. One of the triangles of what would be a complete truncated
tetrahedron, the triangle of In2 atoms, is actually a trianguiar face of the B-type icosahedron.
The In12 atom caps the face of six In7 atoms making it 6-bonded within the truncated
tetrahedron. If fully occupied it would have a seventh bond to another In12 from the other half
of the spacer. As seen many times, such atoms tend to be partially occupied and Ini2 is not an
exception. It refines with 70(2)% occupancy which means that in some of the spacers the exo
bond In12-In12 exists and in some it is replaced by a lone pair on one of the In12 atoms.

A condensed view of the structure with the building blocks represented as spheres with
different sizes is shown in Figure 20a. The network of Kagomé nets of In12 (A-type) connected
via In;g can be seen. The B-type icosahedra and the 20-atom spacer are filling voids in this
network.

Another, perhaps better, way to look at the structure is to consider the B-type
icosahedron and monocapped truncated tetrahedron (half of the 20-atom spacer) fused via
triangle as one building block of 22 atoms (Inl, 2, 3, 5, 6, 7, 12). It is 19-bonded to 9 A-type
icosahedra (In1-In8 and In7-In9), 3 In, s clusters (In3~In13) and 7 spacers of the same sort
(In5~In6 and In12~In12). Figure 20b shows another condensed view of the structure where the
centers of this 22-atom formation are represented as spheres. It can be seen that the structure
can be considered as again related to the Laves phase MgCu,. The network of Cu atoms in the

latter is replaced by network of A-type icosahedra and closo-In;g clusters while the 22-atom
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spacers are centered on the Mg sites, Since In;g via which the Kagomé nets are joined is quite
large and elongated the spacers that occupy the Mg site have to be large and long.

All sodium cations except Na2 and 9 are positioned between the building blocks and cap
their faces. Na2 centers the monocapped truncated tetrahedra of the spacers and Na9 centers the
closo-Ing.

Electronic structure and electron count

Structure I. Extended-Hiickel MO calculations were performed on the closo-In, 5 cluster
(Figure 4b) and the resulting diagram is shown in Figure 21. It can be seen that there is one
nonbonding orbital which could be filled or empty. When empty the cluster has 2n + 2 skeletal
electrons below a gap of ~1 eV and obeys the Wade's rule. When the orbital is filled the cluster
has 2n + 4 skeletal electrons and a gap of ~2 eV. The HOMO is tangential with only p, and Py
orbitals on In4 and 6 involved in the interactions. It is antibonding within the triangles of In4
but is o-bonding between Ind and In6 and is also w-antibonding along the In6—Iné bonds. The
atoms at the waist have zero coefficients since the orbital has a node there. If the cluster is
considered as built of two equivalent parts above and below the waist, this orbital then is
bonding within each part but antibonding between them. The same type of orbital for the
smaller tricapped trigonal prism, Iny, is well into the antibonding region because it is
antibonding within and between the two ends of the prism (the capping atoms do not contribute).

When the cluster gets larger and more elongated the two parts get further apart, more bonding
interactions are available and the antibonding ones are not so pronounced. The orbital is
nonbonding for In, 5 and already bonding for the larger In, 4 (Figure 21).

The Iny ¢ cluster is always at least 6-bonded (Ind~In3, Figure 4b). Six additional exo

bonds In6-In8 are formed every time the 21-atom spacer is in a proper orientation (above). The

2 electrons nceded for such bond will be replaced by 2 electrons nceded for a lone pair on Iné
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when the exo bonds are not available and therefore the number of needed electrons would not
change. In9 may or may not be exo bonded to another In9. Again, a pair of electrons is needed
in both cases, either for a bond or a lone pair. It is very unlikely that two In9 atoms from two
neighboring clusters will be missing at the same time so that there will be no need for this pair
of electrons. This means that the number of exo electrons will be independent of the exo
bonding of the cluster, and so we can consider it always as 15-bonded for simplicity. The
number of electrons required for skeletal bonding within the cluster will be the same whatever
the occupancy of the In9 site may be.

All atoms of the 21-atom spacer are 4-bonded and therefore require 4 electrons each.
We can count the number of needed electrons for each building block in the following way.
Each of the three 12-bonded icosahedra requires 26 (skeletal) + 12 (exo bonds) = 38 electrons.
Each of the two 15-bonded In; 5 clusters requires 32 or 34 (skeletal) + 15 (exo bonds) = 47 or 49
electrons depending upon whether the nonbonding orbital is filled or not. Each spacer has 21 4-
bonded atoms and therefore requires 21 x 4 = 84 electrons. The sum per unit cell becomes 3 x
38 + 2 x 47 (or 49) + 84 = 292 or 296 needed electrons.

The numbers of available electrons from the two refined formulae Na,3Insg 45,Zn4 ¢ and
Nay;Ingg g yAus 4 are 2 X (23 + 384 x 3 + 4.6 x 2) =294.8(1.2) and 2 x (23 + 39.8 x 3 + 3.4)
= 291.6(1.2), respectively. These numbers suggest that the Au compound could be balanced
electronically while the Zn derivative has some extra electrons, presumably on the nonbonding
levels of the In 5 cluster. The number of available electrons in a hypothetical binary Na—In
compound with the same structure would have been around 304 which means that 8 electrons
would be in antibonding levels. On the other hand, the structure exists with the electron richer
Si, Ge and Sn according to their powder pattems. One possible explanation for this is that the

occupancies of some sites may be even lower so that the formula would provide fewer electrons.
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Another possibility is that the main framework of the structure is the same, so that the powder
pattern looks similar, but the spacer may be different.

Structure II. 'We have done EHMO calculation on an icosioctahedron before and have
found that because of the T; symmetry it intrinsically requires 2n + 4 = 36 rather than the usual
2n + 2 electrons.? The In4 atom, 6-bonded within the cluster and exo bonded to the same atom
from the next icosioctahedron, refines with half occupancy. This means that either a 2-electron
exo bond or a lone pair is associated with this atom and, therefore, the occupancy does not affect
the electron count. We can think of the cluster as 16-bonded for simplicity.

Since each 12-bonded icosahedron requires 26 (skeletal) + 12 (exo bonds) = 38 and each
16-bonded icosioctahedron, 36 (skeletal) + 16 (exo bonds) = 52 electrons, and there are one
icosahedron and a half icosioctahedron per formula, the number of needed electrons is 38 + 52/2
= 64 per formula. The refined formula Nagln,¢ ¢.3)Zn, 4 provides 9 + 16.8 x 3 + 2.3 x 2 =
64(1) electrons and therefore the compound should be a Zintl phase.

Structure III. Extended-Hiickel Mo calculations performed on the 12-bonded 18-atom
spacer showed that it has 20 bonding skeletal orbitals below a gap of 0.8 eV. This leads to a
requirement of 40 = 2n + 4 skeletal electrons. If we assume that the spacer is the arachno
derivative of a closo-In, then the latter should have 2n electrons. This comparison is probably
inappropriate since the spacer has quite long distances In5—In5 and In6—In6 and thus deviates
too much from the geometry expected for species derived from a deltahedron.

The numbers of electrons needed for each of the building blocks are as follows: 26
(skeletal) + 12 (exo bonds) = 38 for each of the three icosahedra, 3 x 4 = 12 for each of the
triangles (all are 4-bonded atoms) and 40 (skeletal) + 12 (exo bonds) + 2 x 6 (lone pairs) = 64
for the 18-atom spacer. The total per unit cell becomes 3 x 38 + 2 x 12 + 64 = 202 electrons

needed for bonding. The electronically balanced compound would have the formula
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KIn; 733Cdg 267. We should point out now that the formula of the partially refined Hg
compound is KIn, ¢4.3/Hg 35(3) and provides 199(3) electrons which is equal within 16 to the
number of needed electrons.

Structure IV. The 12-bonded 18-atom spacers are the same as in structure IIT and
therefore require 40 (skeletal) + 12 (exo bonds) + 2 x 6 (lone pairs) = 64 electrons each. We
have done EHMO calculations on a 15-bonded 15-atom spacer before and have found that it
requires 44 (skeletal) + 15 (exo bonds) = 59 electrons.!! For the 12- and 6-bonded icosahedra
the numbers are 26 (skeletal) + 12 (exo bonds) = 38 and 26 (skeletal) + 6 (exo bonds) + 2 X 6
(lone pairs) = 44, respectively. Since there are 18 12-bonded and 6 6-bonded icosahedra, 3 18-
atom spacers, 6 15-atom spacers and 18 isolated 4-bonded indium atoms, the total number of
needed electrons becomes 18 X 38 + 3 x 44 + 3 x 64 + 6 x 59 + 18 x 4 = 1434 per unit cell.
This means that the formula of the compound should be K3,Ing,Cds in order to provide that
number of electrons.

Structure V. Extended-Hiickel MO calculations performed on the closo-In18 cluster
(Figure 18b) showed that it requires 2n + 4 = 40 electrons to fill the bonding orbitals below a
gap of 2 eV, and together with In;s and In it is in the class of hyperelectronic clusters (Figure
21). The extra orbital (seventh below the HOMO) is of the same type as the nonbonding orbital
in In, 5 but this time it is quite strongly bonding and is almost 1 eV below the HOMO. The
cluster can be viewed as built of two equivalent parts above and below a plane trough the center
of the cluster and perpendicular to the 3-fold axis. The orbital in question is antibonding within
the triangles of In4 but o-bonding between In4 and In10 and between In10 and In13 of the same
half, It is rm-antibonding between In10 from one half and In13 from the other or, in other words,
the orbital is bonding within each half but antibonding between them. Since the cluster is quite

clongated, the antibonding interaction will be quite weak compared to the bonding ones. The
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partial occupancy of the In13 site will not affect the number of needed skeletal electrons. It also
will not affect the number of exo electrons needed since when an In13 atom is missing and the
In13-In3 bond not present the corresponding 2 electrons will be needed for a lone pair on the
In3 atom. For purpose of simplicity we can think of the cluster as 12-bonded and therefore
needs 40 (skeletal) + 12 (exo bonds) + 2 x 6 (lone pairs) = 64 electrons.

The same line of consideration leads to the conclusion that the partial occupancies of the
Sn, In6 and In12 sites will not affect the total electron count.

Extended-Hiickel calculations were performed on the 24-bonded 20-atom spacer (Figure
19b). It was found that each triangle In7-In7~Ini2 that has all of its edges shared with other
triangles contains a 3-center-2-electron bond. The rest of the bonds within the spacer are 2-
center-2-electron bonds. This gives 6 x 2 (3-center-2-electron bonds) + 19 x 2 (2-center-2-
electron bonds) + 24 (exo bonds) = 74 electrons required for the intra- and inter-spacer bonding.

There are 9 A-type and 6 B-type 12-bonded icosahedra, 3 In,g clusters and 3 20-atom
spacers per unit cell and therefore the total number of bonding electrons is (9 + 6) x 38 + 3 x
64 + 3 x 74 = 984. The refined formula Nayglngg g1,Sng ;()) provides 3 x (49 + 80.9 x 3 + 9.1

x 4) = 984.3(1.5) electrons and the structure is electronically balanced.
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Table 1. Results from reactions in the ternary systems alkali-metal~indium—main-group element
Loaded Structure types and lattice parameters, A (Guinier) Side product
compositions | Nay3lngg 4Zn, ¢ Kln, ,Cd, Nagln;6 370,35 | Kselngg.cCdy | Nagglngy gSng;
s |1216210 -
2 oo ey
3. Nag 3ln,Ge e ;%g;?f)m
4. Naj,In,,Ge, : - ;%iigf) e
5. Nagln,cGe 2: :gg;&g s
S
7. Nay,In3,Sn, 2 .: ;68?;??5) 2 - ;?’zlg?g)
8. NajIn;,Sn, 2 : ;682‘;:5(?)
v | 12182
10. Na;InPb RIS e

¢ =9.92(1)

65T



¢ = 10.508(1)

Table I. (continued)
11. Nagln ,Zn, a =22.735(4)
12. Nagln,(Zn ‘c’ N :g;ﬁgﬁ; a=22.715(7)
R
S
15 NaginoCu | 22 :gﬁgg) Naln
g |2718280 =
17. Nagln,4Au 2 : :g?gggi a=22.576(7)
n kinch 12 s
21. K,InsCd s ’112:3(3)?1()2)
22. K,IngHg a = 17.394(1)

092
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Table II. Data collection and refinement parameters for Na23ln38.4(2)2n4‘6(1) and
Nap3lngg g(1yAU3 49(7)
Formula Nayslnsg 42)Z04.6(1) NaysInsg g1)Als.4007)
Formula weight 52412 5762.5
Crystal size, mm 0.1x0.1x0.2 0.15x02x02
Lattice parameters:®
a A 16.183 (2) 16.236 (1)
¢, A 15.723 (4) 15.733 (4)
v, A3 3566 (1) 3592 (1)
Space group, Z P6lmmm, 2 P6/mmm, 2
d(calc.), g cm 4.88 5.33
p(Mo—-Ka), cm’! 136.72 193.27
Transmission range 0.8037—1.1036 0.8968-1.0678
Diffractometer CAD4 CAD4
Radiation Mo-Ka (A = 0.71069 A) graphite-monochromated
Temperature, °C 23 23
Octants measured h k, Xl +h, k, 1
Scan method -6 -0
26,0 50° 50°
Number of reflections:
measured 4644 6767
observed (I 2 30y) 2409 4075
unique 722 1160
Number of variables 88 88
R;R,> % 2.8; 3.2 2.7; 3.1
Ry’ % 10.1 7.1
Goodness of fit indicator 1.11 1.14
Maximum shift/c in final cycle  0.00 0.00
Largest peaks in final AF map  +1.76 /A3 (0.9 A from In8) +2.01 /A3 (0.8 A from In8)
-1.94 ¢/A3 -1.73 ¢/A3

Room temperature Guinier data with Si as an internal standard (A = 1.540562 A).
b R = ZIE,| = IE/ZIF); R, = [EW(F,| — [E\YZwF 1'% w = o2,
¢ All data
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Table IIL. Data collection and refinement parameters for Nagln, ¢ g3)Zn, 43,

Formula weight
Crystal size, mm
Lattice parameters:?

2278.7
0.15 x 0.15 x 0.2

a, A 22.715 (7)
v, A3 11720 (4)
Space group, Z Fd3m (#227, origin at 3m), 16
d(calc.), g cm™ 5.17
p(Mo-Kay), cm’! 147.11
Transmission range 0.5577-1.0000
Diffractometer CAD4
Radiation Mo-Ka (A = 0.71069 A)
graphite-monochromated
Temperature, °C 23
Octants measured h, k1
Scan method »-20
20,,0x 50°
Number of reflections:
measured 2765
observed (I 2 30y) 1348
unique observed (I 2 3o)) 319
Number of variables 36
R, (all data), % 10.6
R;R,.* % 2.6; 3.0
Goodness of fit indicator 1.12
Maximum shift/c in final cycle 0.00
Largest peaks in final AF map +1.01 e/A3 (0.76 A from In3)
-1.34 ¢/A3
Secondary extinction cofficient 1.5(4) x 10°
a Room temperature Guinier data with Si as an internal standard (A = 1.540562 A).

b R = ZIF | — IFI/ZIFJ; R,, = [ZW(F,| = IEh/Ew(F )42 w = o2
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Table IV. Data collection and refinement parameters for Kln, ,Cd,

Formula weight
Crystal size, mm
Lattice parameters:®

a, A

c, A

v, A3
Space group, Z
d(calc.), g cm™
p(Mo—-Ka), cm’!
Transmission range
Diffractometer
Radiation

Temperature, °C

Octants measured

Scan method

2emux

Number of reflections:
measured
observed (I 2 30y)
unique observed (I > 30y)

Number of variables

R, .. (all data), %

R; RW.b %

Goodness of fit indicator

Maximum shift/c in final cycle

Largest peaks in final AF map

268.74
0.1 x0.1 x0.2

17.4851 (8)

10.4461 (7)

2765.8(3)

P6/mmm (#191), 30
4.84

131.88

0.4639-1.0000

CAD4

Mo-Ko (A = 0.71069 A)
graphite-monochromated
23

*h, k, 1

®-20

50°

5326
4246

858

55

44

3558

2.8

0.00

+6.2 e/A3 (at K5)
-3.56 e/A3

Room temperature Guinier data with Si as an internal standard (A = 1.540562 A).
b R = ZIF,| = IFI/ZIF; R, = [(Ew(F,| — IFNYEW(F,)?1"2; w = og™.
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Table V. Data collection and refinement parameters for K47Ingg ,Cd,
Formula weight 9369.2
Crystal size, mm 02x0.15%0.1
Lattice parameters:®
a, A 17.301 (3)
¢ A 76.18 (3)
v, A3 19747(11)
Space group, Z R3m (#166), 6
d(calc.), g cm™ 4.72
p(Mo-Koy), cm’! 128.25
Transmission range 0.9236-1.0316
Diffractometer CAD4
Radiation Mo-Ka (A = 0.71069 &)
graphite-monochromated
Temperature, °C 23
Octants measured +h, k, 1
Scan method N}
200x 50°
Number of reflections:
measured 12075
observed (I 2 3oy) 7723
unique observed (I 2 36)) 2793
Number of variables 202
R, (all data), % 5.1
R; R, % 3.1; 45
Goodness of fit indicator 1.68
Maximum shift/c in final cycle 0.00
Largest peaks in final AF map +3.7 ¢/A3 (0.8 A from K17)
-1.8 ¢/A3
a Room temperature Guinier data with Si as an internal standard (A = 1.540562 A).

b R = ZIIF,| — IFl/ZIF; R, = [EW(F,| - IE)YEwF )?1Y% w = o2,
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Table VL. Data collection and refinement parameters for Nayglngg g(1ySng 1)

Formula weight
Crystal size, mm
Lattice parameters:?

a, A

c, A

v, A3
Space group, Z
d(calc.), g cm™
p(Mo-Ka), cm™!
Transmission range
Diffractometer
Radiation

Temperature, °C

Octants measured

Scan method

zemax

Number of reflections:
measured
observed (I 2 30y)
unique observed (I 2 3oy)

Number of variables

R,y (all data), %

Ri R, %

Goodness of fit indicator

Maximum shift/c in final cycle

Largest peaks in final AF map

11496
0.30 x 0.10 x 0.08 (wedge-like)

16.209 (5)
51.70 (3)

11763(10)

R3m (#166), 3

4.87

130.24

0.8123-1.2191

Rigaku AFC6R/RA
Mo~Ka: (A = 0.71069 A)
graphite-monochromated
23

£h, k, |

(0]

50°

7249

2628

1003

143

15

4.5; 5.1

1.40

0.00

+2.11 ¢/A3 (1.4 A from Sn)
-2.53 ¢/A3

a Room temperature Guinier data with Si as an internal standard (A = 1.540562 A).

b — . — 2 21172, — 2
R = ZIF| — IE/ZIF; Ry, = [EW(F,} — IENY/EW(F)?]'?; w = o2,
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Table VIL.  Positional and thermal parameters for Nay3Ingg 45,70y 41,

atom N X y z Beq Occupancy
Inl 129 0.1645(1) 0.4936(1) 12 1.766)  47(1)% In + 53(1)% Zn
In2 12n  0.34724(7) 0 0.40462(8) 1.67(7) 94(1)% In + 6{1)% Zn
In3 120 0.55217(5) 2x 0.65276(8) L71(7)  82(1)% In + 18(1)% Zn
Ind4 120  0.60329(5) 2x 0.8115(1) 1.85(6)

In5 12n  0.18842(8) 0 0.31419(9) 1.74(6)

In6 120  0.22424(5) 2x 0.90564(8) 2.09(7)

In7 6l  0.0630(1) 2x 0 1.6(2) 49.8(6)% In

In8 120  0.12383(9) 2x 0.1514(1) 2.5(1) 60.8(6)% In

In9 61  0.5544(1) 2x 0 32(2) 63.1(4)% In
Nal 2c 13 2/3 0 1.7(4)

Na2 2¢ 0 0 0.191(1) 2.9(6)

Na3 120 0.2084(3) 2x 0.6929(5) 2.5(4)

Na4 4h 173 2/3 0.6228(8) 2.303)

Na$ 2 0 0 0.401(1) 2.2(5)

Na6 12n  0.3814(5) 0 0.1911(5) 294)

Na7 6m 0.1321(4) 2x 12 3.06)

Na8 6i  0.2976(7) 0 0 3.3(6)

aom Uy Uy, Uss Uiz U U
Inl 0.022(1) 0.0217(9) 0.022(1) 0.0106(7) 0.0 0.0
In2 0.0190(7) 0.0237(8) 0.0224(7) Uyy/2 -0.0019(5) 0.0
In3 0.0217(6) 0.0211(8) 0.0219(8) Ujo/2 -0.0015(3) 2Uy,
In4 0.0203(5) 0.0227(7) 0.0283(7) Uanf2 -0.0012(3) 2Uy5
InS 0.0203(5) 0.0174(7) 0.0274(7) Usof2 -0.0039(5) 0.0
In6 0.0324(6) 0.0217(8) 0.0215(7) Uy,/2 0.0001(3) 2U;4
In7 0.025(2) 0.016(2) 0.016(2) Uyy/2 0.0 0.0
m8  0030(1)  0031(1)  0.036(2) ) 0.006(1) 20,
In9 0.053(2) 0.020(2) 0.036(2) Upaf2 0.0 0.0
Nal 0.030(6) Uy 0.005(8) U, /2 0.0 0.0
Na2 0021 Uy 0.06(1) ) 0.0 00
Na3  00353)  0.035(5) 0.026(4) Upa/2 0.001(1) 20,3
Na4  0.032(5) Un 0.023(7) Uy /2 0.0 0.0
Na5  0.029(7) Uy 0.03(1) Upy/2 0.0 0.0
Na6  0.035(3) 0.033(5) 0.040(5) Uasaf2 -0.004(4) 0.0
Na7  0.032(4) 0.047(8) 0.041(7) Uyo/f2 0.0 0.0

Na8  0.039(5) 0.06009) 0.034(6) U,o/2 0.0 0.0
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Table VIII. Positional and thermal parameters for Nay3Insg g1)Aus 4907y

atom N X y z Beg Occupancy
Inl 12 0.16051(5) 0.49105(6) 12 145(3)  72.4(6)%In + 27.6(6)%Au
In2 12n  0.34564(5) 0 0.40241(5) 145(5) 86.6(6)%In + 13.4(6)%Au
In3 120 0.55203(3) 2x 0.65519(5) 147(5) 84.4(6)%In + 15.6(6)%Au
In4 120 0.60378(3) 2x 0.81214(6) 1.62(4)

In5 12n  0.18761(6) 0 0.31477(6) 1.61(4)

In6 120 0.22425(3) 2x 0.90595(6) 1.91(5)

In7 61  0.0631(1) 2x 0 L7(1)  50.3(5)% In

In8 120 0.12393(7) 2x 0.1511(1) 24(1)  62.1(6)% In

In9 61  0.55458(9) 2x 0 32(1) 6444 % In
Nal 2 173 2/3 0 1.4(3)

Na2 22 0 0 0.190(1) 2.9(4)

Na3 120 0.2096(2) 2x 0.6908(4) 2.3(3)

Nad 4h 173 2/3 0.6177(6) 2.1(3)

Na5 2¢ 0 0 0.4001(8) 1.8(4)

Na6  12n  0.3825(4) 0 0.1929(4) 2.5(3)

Na7 6m 0.1337(3) 2x 1/2 2.0(4)

Na8  6j  0.2985(6) 0 0 3.1(5)

aom Uy, Uy Uss U U Uys
Inl 0.0180(4) 0.0183(4) 0.0193(5) 0.0093(3) 0.0 0.0
In2 0.0173(4) 0.0173(5) 0.0204(5) U,yy/2 -0.0019(3) 0.0
In3 0.0202(4) 0.0176(5) 0.0170(5) U,o/2 -0.0004(2) 2Uy5
Ind  002044)  0.02035)  0.0209(5) Upy/2 -0.0023(2) 2U,
In5 0.0201(4) 0.0174(5) 0.0228(5) U,q/2 -0.0048(3) 0.0
In6 0.0318(5) 0.0197(5) 0.0170(5) Us,/2 -0.0001(2) 2U4
In7 0.030(1) 0.020(2) 0.011(2) Uyy/2 0.0 0.0
W8  00292(8)  0.030(1) 0.032(1) Up/2 0.006(4) 2U,5
In9 0.053(2) 0.022(1) 0.036(2) Uso/2 0.0 0.0
Nal  0024(4) Uy 0.006(6) U, /2 0.0 0.0
Na2  0039¢5) Uy 0.03309) U, /2 0.0 0.0
Na3  0.027(2) 0.041(4) 0.023(3) Upy/2 0.001(1) 2U5
Nad4  0.026(3) Uy 0.027(5) Uy, /2 0.0 0.0
Nas5  00214) Uy 0.029(8) U, /2 0.0 0.0
Na6  0.035(3) 0.028(3) 0.030(3) Usq/2 -0.003(2) 0.0
Na7  0.028(3) 0.026(4) 0.020(4) Uaf2 0.0 0.0
Na8  0.046(4) 0.052(6) 0.021(4) U,o/2 0.0 0.0
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Distances to nearest neighbors about cach atom in Nay;lngg 4Zng ¢ and
Nayylitgg gAuy 4 (d1n.1n S 3.50, dyyNana S 400 A)

Na—In-Zn Na-In—-Au Na-=In-Zn Na-In—Au Na-In-Zn Na-In—-Au
Inl Ind In7
Inl 2.662(4) 2.761(2) In3 2.878(2) 2.866(1)2 2 In7 3.0584(4) 3.0747Q2)
In2 2939(1) 2.9275(8) Ind 3.0767(4) 3.0629(2) 2 In7 1.766(3) 1.775(3)
I3 2.923(2) 2.948(1) In6 3.043(1) 3.0481(9) 2 In8 2929(2)  2.928(1)
In9 3.265(1) 3.263(1)
Na3 3.482(7) 3.454(5) 2 Na2 3.49(2) 3.47(1)
Nad 3.375(7) 3.381(5) Nal 3.455(1)  3.444(1) 2 Na8 3.40(1) 3.426(9)
Na7 3479Q3) 3.434(2) Na3 3.561(4) 3.567(3)
Nad 3.46(1) 3.534(8) In8
In2 Na6 3.474(4)  3.488(3)
2 In5 3.092(2)  3.110(2)
Inl 2939(1) 2.9275(8) In5 In6 2.9541(9) 2.9603(6)
In2 2.9993) 3.071(2) In7 2929(2)  2.928(1)
In3 3.011(1) 3.0403(9) In2 2937(2) 2913(1) 2 In8 3471(2) 3.485(2)
InS 29372(2) 2.913(1) In5 3.049(1)  3.0460(9) .
In8 3.0922) 3.110(2) Na2 3.528(4) 3.538(3)
Na3 3.346(5) 3.331(4) Na3 3.407(6)  3.465(4)
Na6 3.402(8) 3.35(6) Na2 3.61(1) 3.626(8) 2 Na6 3.664(7)  3.695(5)
Na7 3.391(6) 3.382(4) Na3 3.547(1)  3.59%(1) 2 Na8 3.458(6) 3.468(5)
Na$ 3.342(7)  3.328(5)
In3 Na6 3.674(8)  3.700(6) In9
Na7 3.462(3) 3.474(2)
Inl 2923(2) 2.948(1) 2 I 3.265(1)  3.263(1)
In2 3.011(1) 3.0403(9) In6 4 In6 3.440()  3.445(1)
In3  2.9247(4) 2.9265(2) In9 3.0489(4)  3.0696(2)
Ind 2.878(2) 2.866(1) Ind 3.043(1) 3.0481(9)
In6 2967(3) 2.959(2) Nal 3.1472(4) 3.1521(2)
Na3 3.424(4) 3.405(3) I8 2.9541(9) 2.9603(6) 4 Na6 3.877(7)  3.900(5)
Nad 3.244(2) 3.277(2) In9 3.440(2) 3.445(1) 2 Na8 3.61(1) 3.614(8)
Na6 3.44%7) 3.390(5)
Nal 3.3987(7) 3.4058(5) Nal
Na3 3374(7)  3.410(6)
Na6 3.567(3)  3.595(3) 6 Ind 3.455(1)  3.444(1)
Na8 3.532(2) 3.537(2) 6 In6 3.3987(7) 3.4058(5)
3 In9 3.1472(4) 3.1521(2)
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Table IX. (continucd)

Na=In-Zn Na-In—-Au Na-In-Zn Na-In—Au
Na2 Naé6

6 In5 3.61(1) 3.626(8) In2  3.402(8) 3.350(6)

6 In7 3.49(2) 3.47(1) 2 In3 3.442(7) 3.390(5)

6 In8 3.528(4)  3.538(3) 2 Id 34744) 3.488(3)

InS 3.674(8) 3.700(6)

Na$ 3.30Q3) 331Q2) 2 In6 3.567(4) 3.595(3)

2 In8 3.664(7) 3.695(5)

Na3 2 In9 3.87%7) 3.900(5)

2 Inl 3.482(7)  3.454(5) 2 Na3 3.619(7) 3.641(5)

2 In2 3346(5) 3.331(4) Na6 3.84(1) 3.82(1)

2 In3 3.424(4) 3.4050Q3) Na8 3.297(9) 3.327(7)
2 Ind 3.561(4) 3.567(3)

2 In5 3.547(2) 3.597(1) Na7

In6 3.374(7)  3.410(6)

In8 3.407(6) 3.465(4) 2 Int 3.479Q3) 3.434(2)

4 In2 3.391(6) 3.382(4)

Nad4 3.671(4)  3.663(3) 4 In5 3.462(3) 3.474(2)
2 Na6 3.619(7)  3.641(5)

Na7 3.711(6)  3.683(5) 2 Na3 3.711(6) 3.683(5)

2 Na7 3.70(1) 3.760(8)
Na4
Na8
6 Inl 3.375(7) 3.381(5)
3 In3 3.244(2) 3.277(2)
3 Ind 3.46(1) 3.534(8)

In6 3.532(2) 3.537(2)
In7 3.40(1) 3.426(9)
In8 3.458(6) 3.468(5)
In9 3.61(1) 3.614(8)

LS TP - LR N

3 Na3 3.671(4)  3.663(3)
Nad 3.86(2) 3.70(2)
2 Nab 3.29&(9) 3.327(7)

Na$s

6 In5 3.342(7) 3.328(5)

Na2 3.30(3) 3.31(2)
NaS 3.11(3) 3.14(3)
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Table X. Positional and thermal parameters for Nagln, g 33,20, 33,

atom N X y z Beq Occupancy

Inl 96g 0.03819(4) X 0.88438(5) 1.58(3)

In2 96g 0.33373(4) x 0.00596(6) 1.57(4) 62(5)% In + 38(5)% Zn
In3 9g 0.078104) be 0.76723(5) 1.65(3)

In4 32e 04611(1) X X 2.846(2) 52(1)% In

Nal 8a 1/8 X x 1.429(5)

Na2 32e  0.2182(3) X x 1.922(3)

Na3 9%g 0.0651(2) X 0.3708(3) 2.43(2)

Na4 8b 3/8 X b 4 3.186(7)

atom Uy Up, Us3 Up, Ujs Uas
Wl 002115) Uy 00178(7)  -0.0013(5)  0.0002(4) Uys
m2  002056) Uy 001879)  00005(7)  0.0013(4) Uys
In3 0.0226(5) Uy, 0.0177(7) -0.0059(6) -0.0013(4) U3
4 0036052 Uy, Uy, -0.006(1) Uy, Uy,
Nal  001810(7) Uy Uy, 0.0 0.0 00
Na2  0.02434(4) U, Uy, 0.001(3) Up, U,
Na3 00252 Uy, 0.043(5) 0.004(3) 10.001(3) Uys

Na4  0.0403(1) U, Uy, 0.0 0.0 0.0
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‘Table XI. Distances to nearest neighbors about cach atom in Naglinyg g3)Zn; 5 (d < 4.00 A)
Ini In3 Nal Na3
2 Inl 3.033(2) Inl 2.954(2) 12 2 3.257(2) 2 Inl 3.390(4)
2 In2 2.955(2) 2 In3 3.062(2) 2 Inl 3.392(5)
In2 2.889(2) In3 3.013(3) 4 Na2 3.067(1) 2 2 3.502(7)
In3 2.854(2) 2 Ind 3.399(5) 2 In3 3.526(7)
Na2 2 In3 3.566(6)
Na2 3.238(2) Na2 3.547(2) Ind 3.921(7)
2 Na3 3.392(5) 2 Na3 3.526(7) 6 Inl 3.238(2) Ind  3.909(8)
2 Na3 3.3904) 2 Na3 3.566(0) 3 In2 3.384(7)
Na4 3.565(2) 3 In3 3.547(2) Na2 3.629(8)
In2/Zn 2 Na3 3.604(8)
Ind Nal 3.67(1) Na3 3.85(1)
2 Inl 2.955(2) 3 Na3 3.629(8)
Inl 2.889(2) 6 In3 3.399(5) Na4
2 In2 2.881(3) Ind 3.06(1)
In2 2.652(3) 12 In3 3.565(2)
3 Na3 3.921(7) 4 Ind 3.390(5)
Nal 3.257(2) 3 Na3 3.909(8)
2 Na2 3.384(7) Na4 3.390(5)

2 Na3 3.502(7)
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Table XII.  Positional and thermal parameters for KIn,  Cd,

atom N X y z Beq Occup.
Inl 6m  0.60686(6) 1.2137 172 1.4(1)

In2 12p  0.66628(7) 0.16127(7) 0 1.21(4)

In3 120 0.35895(7) 0 0.1467(1) 1.38(6)

In4 120 0.55054(4) 1.1011 0.2474(1) 1.33(6)

In5 12n 0.2072(1) 0 0.2812(2) 4.1(1)

In6 6m 0.89212(7) 1.7842 12 2.6(1)

K1 4h 173 2/3 0.1975(7) 1.4(2)

K2 120 0.2114(1) 0.4228 0.6955(4) 1.8(2)

K3 6l  0.8637(2) 1.7275 0 2.34)

K4 6k  0.3796(4) 0 12 24(3)

K5 Ib 0 0 12 8(1) 80(4)%
K6 2 0 0 0.264(4) 8 60(2)%
atom U, Up Uz Uiz Uiz Uzs
Inl 0.027(2) 0.0168(8) 0.0136(9) U,/2 0.0 0.0
In2  0.0158(6)  0.0146(6) 0.0149(7) 0.0071(5) 0.0 0.0
In3  0.0202(5)  0.0166(6) 0.0145(7) Up,/2 0.0017(4) 0.0
Ind  00199(5)  0.0152(6) 0.0140(7) Upy/2 -0.0002 2U}3
In5  0.0612(9)  0.062(1) 0.033(1) Upa/2 0.0186(7) 0.0
In6  0.015(2) 0.041(1) 0.033(1) Uy /2 0.0 0.0
Kl 0.017(2) Uy 0.020(3) U2 0.0 0.0
K2 0.021(1) 0.027(2) 0.023(2) Up/2 -0.001 2U3
K3 0.022(5) 0.028(3) 0.037(4) Uy /2 0.0 0.0
K4 0.039(3) 0.031(3) 0.017(3) Upy/2 0.0 0.0
K5 0.014(3) Uy, 0.27(3) U;1/2 0.0 0.0
K6 0.014 Uy, 0.27 U2 0.0 0.0




‘Table XIIiI.
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Distances to nearest neighbors about cach atom in Kln, ,Cd, (d <4.20 A)

Inl

2 Inl 3.137(3)
2 Ind 3.142(1)

2 K1 3.642(6)
4 K2 3.7944)
2 K4 3.861(4)

In2

In2 2.995(2)
In2 3.015(2)
2 In3 3.41(1)
2 Iid 3.123(D)

2 Kl 3.645(4)
2 K2 3.686(4)
K3 3.690(5)

In3

2 In2 3.041(1)
In3 3.065(2)
2 Ind 3.087(1)
In5 3.001(2)

2 K2 3.674(2)
2 K3 3.729(2)
K4 3.708(1)

In4

Inl 3.142(1)
2 In2 3.123(1)
2 In3 3.087(1)

4 3.061(2)

K1 3.555(1)
2 K2 3.657(2)
2 K4 3.706(4)

Ins

In3 3.001(2)
2 In5 3.624(2)
2 In6 2.920(1)

2 K2 3.741(3)
2 K3 3.590(2)
K4 3.783(5)
K6 3.628(3)

Ino

4 In5 2.920(1)
2 In6 3.267(2)

2 K2 3.741(4)
K5 3.267(2)

K1

3 Inl 3.642(0)
6 In2 3.645(4)
3 Id 3.555(1)

Kl 4.12(1)
3 K2 3.858(4)

K2

2 Inl 3.794(4)
2 In2 3.686(4)
2 In3 3.674(2)
2 Iid 3.657(2)
2 In5 3.741(3)

In6 3.741(4)

K1 3.858(4)
K2 4.084(8)
K3 3.911(5)
2 K4 3.951(3)

K3
2 In2 3.690(5)
4 In3 3.729(2)
4 In5 3.590(2)

2 K2 3911(5)
2 K3 4.127(6)

K4

2 Inl 3.861(4)
2 In3 3.708(1)
4 Ind 3.706(4)
2 In5 3.783(5)

4 K2 3.951(3)
K4 4.21(1)

K5

6 In5 4.285(2)
6 In6 3.267(2)

2 K6 2474)

K6

6 In5 3.628(3)
6 In6 4.093)

K5 2474)
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Table XIV.  Positional and equivalent displacement parameters for Ks4Ingg ,Cd,
atom N X y z Beg Occup.
Inl 18h  0.06027(5) 2x 0.83345(2) 1.43(6)

In2 18k 0.11625(5) 2x 0.86824(2) 1.38(5)

In3 361 0.17275(7) 0.99962(7) 0.09728(1) 1.21(4)

In4 18h  0.05920(5) 2x 0.97039(2) 1.33(5)

In5 18h  0.11677(5) 2x 0.79882(2) 1.34(5)

In6 361 0.33186(7) 0.02212(7) 0.11768(1) 1.39(4)

In7 360 0.17419(7) 0.17400(7) 0.23519(1) 1.14(4)

In8 360 0.33244(7) 0.01986(7) 0.07643(1) 1.33(4)

In9 18h  0.11617(5) 2x 0.93655(2) 1.33(6)

In10  18h 0.11664(5) 2x 0.73104(2) 1.21(5)

In11  18h  0.06085(5) 2x 0.69738(2) 1.40(4)

In12 360 0.33559(8) 0.85729(8) 0.05565(1) 1.92(4)

In13  18h  0.09968(6) 2x 0.00719(2) 1.56(5)

Inl4  18h  0.10314(6) 2x 0.32132(2) 1.60(8)

In15  18h 0.10643(6) 2x 0.49939(2) 2.03(7)

In16  18h 0.46518(6) 2x 0.02393(2) 1.78(6)

In17 36 0.0049(1) 0.2013(1) 0.53202(2) 3.34(6)

K1 6c 0 0 0.9290(1) 1.3(2)

K2 6c 0 0 0.7922(1) 1.5(2)

K3 6c 0 0 0.8751(1) 1.4(2)

K4 6c 0 0 0.7392(1) 1.3(2)

K5 18h  0.1259(2) 2x 0.05383(6) 1.8(3)

K6 18g  0.3754(3) 0 12 2203)

K7 18h  0.4677(2) 2x 0.09680(6) 2.003)

K8 18h  0.1226(2) 2x 0.27619(6) 153)

K9 18h  0.1989(2) 2x 0.09545(6) 1.9(2)

K10  18h  0.1229(2) 2x 0.13941(6) L7(1)

K11 18h 0.1139(2) 2x 0.65385(6) 2.2(3)

K12 361 0.2841(3) 0.3310(2) 0.97307(4) 2.2(2)

K13  18h 0.1241(2) 2x 0.19390(6) 1.9(2)

Ki4 6 0 0 0.6403(2) 5.7(5)

KI5 6 0 0 0.5856(2) 5.2(5)

Kl6 6 0 0 0.5288(2) 2.74) 66(5)%
K17 6c 0 0 0.5108(2) 0.3(5) 34(5)%
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Table XV.  Anisotropic displacement parameters for K3;Ingg ,Cd,

aom Uy Uy Uss U Uis Uss

Inl 0.0158(8)  0.0158 0.0167(7) 0.003(1) -0.0000(6) 0.0000
In2 0.0152(8)  0.0152 0.0190(7) 0.005(1) 0.0004(6) -0.0004
In3 00133(6)  0.0145(6) 0.0177(5) 0.0065(5) 0.0001¢4) 0.0002(4)
In4 0.0164(8)  0.0164 0.0179(7) 0.008(1) 0.0016(6) -0.0016
InS 0.0144(8)  0.0144 0.0173(7) 0.004(1) -0.0010(6) 0.0010
In6 0.0152(6)  0.0184(6) 0.0173(5) 0.0070(5) 0.0004(4) 0.0012(4)
In7 0.0136(6)  0.0150(6) 0.0147(5) 0.0070(5) 0.0001(4) 0.0000(4)
In8 0.0147(6)  0.0167(6) 0.0186(5) 0.0074(5) 0.0001(4) -0.0004(4)
In9 0.0141(8) 0.0141 0.0187(8) 0.004(1) -0.0001(6) 0.0001
In1I0  0.0151(8)  0.0151 0.0158(7) 0.007(1) 0.0013(6) -0.0013
Inll  0.0187(9)  0.0187 0.0186(7) 0.011(1) 0.0002(6) -0.0002
In12  0.0221(6)  0.0261(7) 0.0248(6) 0.0121(6) 0.0005(5) -0.0032(5)
In13  0.020(1) 0.020 0.0181(7) 0.010(1) -0.0003(6) 0.0003
Inl4  0.022(1) 0.022 0.0157(7) 0.010(1) 0.0020(6) -0.0020
In15  0.032(1) 0.032 0.0250(9) 0.024(2) -0.0007(7) 0.0007
Inl6  0.0211(9)  0.0211 0.0189(8) 0.005(1) 0.0039(7) -0.0039
In17  0.0358(8)  0.054(1) 0.0371(7) 0.0223(8) -0.0025(6) -0.0210(7)
K1 0.020(3) 0.020 0.010(4) 0.010 0.0 0.0

K2 0.0193) 0.019 0.018(4) 0.009 0.0 0.0

K3 0.015(3) 0.015 0.023(4) 0.008 0.0 0.0

K4 0.018(3) 0.018 0.015(4) 0.009 0.0 0.0

K5 0.022(3) 0.022 0.031(3) 0.014(5) 0.002(2) -0.002

K6 0.032(2) 0.025(3) 0.025(3) 0.013 -0.001(1) -0.002
K7 0.027(3) 0.027 0.026(3) 0.014(5) 0.007(2) -0.007
K8 0.023(3) 0.023 0.018(2) 0.014(4) -0.001(2) 0.001

K9 0.030(3) 0.030 0.025(3) 0.023(5) -0.001(2) 0.001
K10  0.026(3) 0.026 0.021(2) 0.018(5) 0.002(2) -0.002
K1l 0.031(3) 0.031 0.027(3) 0.018(5) 0.003(2) -0.003
K12 0.027(2) 0.023(2) 0.028(2) 0.009(2) 0.001(1) 0.001(2)
Ki3  0.022(3) 0.022 0.033(3) 0.015(5) -0.000(2) 0.000
K14 0.040(5) 0.040 0.14(1) 0.02 0.0 0.0

K15  0.029(4) 0.029 0.14(1) 0.01 0.0 0.0

K16  0.016(5) 0.016 0.07(1) 0.01 0.0 0.0

K17  0.001() 0.001 0.01(D) 0.00 0.0 0.0
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Distances to nearest neighbors about cach atom in Kyqlngg  Cd, (d < 4.50 A)

276

NN

Ini

Inl  3.128(3)
In2  3.13%2)
In5  3.135Q2)

K2  3.626(7)
K3  3.651(7)
K6  3.849(3)
K10 3.802(5)
K13 3.837(5)

In2

Int  3.1372)
Ind  3.155Q2)
In5  3.006(2)
In6  3.092(1)

K3  3.522(2)

K6 3.742(3)

K10 3.635(3)
In3

In2  3.155(2)
In3  2.982(2)

In3  3.002(2)
In6  3.012(2)
In8  3.051(1)
In9  3.113Q2)
Kl  3.598(4)
K3  3.658(5)
K5 3.817(5)
K9  13.684(5)
K10 3.703(4)
Ind
2 4 3.07203)
In9  3.092(2)
In13  3.055(2)
2 In13 3.113(2)
KI  3.620(6)
2 K5 3.754(5)
2 K12 3.7954)

[ 8}

N

InS
Inl  3.135Q2)
In2  3.006(2)
In6  3.116(1)
In7  3.125Q2)
K2  3.536(2)
Ké6 3.714(4)
K13 3.657(3)
Iné
In2  3.092(1)

In3  3.012(2)
InS  3.116(2)
In7  2.996(1)
In8  3.143(2)
Inl7 3.014(2)

K6  3.747Q2)
K7 3.7190),
K9  3.7403)"'
K10 3.61003)

K13 3.64003)1

In7

In5  3.125(2)
In6  2.996(1)
In7  3.007(2)
In7  3.017(2)
In8  3.089(2)

In10 3.108(2)
K2 3.663(4)
K4  3.589(4)
K7  3.682(5)
K8  3.628(4)

K13  3.662(5)

™

»N

In3  3.051(D)
In6  3.143(2)
In7  3.089(2)
In9  3.105(1)

Int0  3.089%(1)
Inl2 3.251(2)
K5 3.617Q3)
K7  3.666(3)
K8  3.555(3)
K9  3.608(3)
K12 3.802(4)
In9
In3  3.113(2)
Ind  3.092(2)
In8  3.105(1)
In10 3.013(2)
KI  3.529(2)
K5 3.7093)
K12 3.760(4)
Inl0
In7  3.108(2)

In8  3.089(1)
In9 3.013Q2)

Intt 3.061Q2)
K4 3.550(2);,
K8 3.629(3)
K12 3.834(4)
Inll
Inl0 3.061(2)
Int1 3.158(3)
Inl4 3.045(2)
K4  3.669(7)
K8  3.764(4)
Kii 3.678(5)
Ki2 3.817(4)

NN

NN

Inl2

In8  3.251(2)
In12 3.337(2)
In12  3.220(2)
Ini6 3.103(2)

K5 3.784(5)
K7  3.7134)
K8  3.818(5)
K9  3.665(4)
K11 3.712(5)
K12 3.977(4)
K14 3.964(9)
K15 3.809(8)

Inl3

Ind  3.055(2)
Ind  3.113(2)
In13 3.182(2)

K5  3.639(5)
KI1 3.613(6)
K12 3.854(4)
K12 3.816(4)

Inl4

Inll
Inl4
Inlé
Inl6

3.045(2)
4.224p)
2.870(2)
3.084(2)

K8  3.487(5)
K11 3.773(4)
Ki2 3.7174)
K14 4.2565

Inls
Inl5

Inl7
Inl7

3.1912)
2.992(2)
2.994(2)

K6  4.0595

K10 3.770(5)
K13 3.687(5)
K16 3.896(9)
Ki6 3.843(9)
K17 3.306(5)
K17 3.283(5)
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Table XVI.  (continued)
1n16 K4 K8 K12 K16
2 12 3.103(2) 6 In7  3.589(4) 2 In7  3.628(4) Ind  3.795(4) 3 Inl5 3.896(9)
Inl4 2.870(2) 3 Inl0 3.550(2) 2 In8  3.555(3) In8  3.802(4) 3 Inl5 3.843(9)
Inl4 3.084(2) 3 Inll 3.66%(7) 2 Int0 3.629Q3) 9  3.760(4) 6 Int7 3.450(2)
2 Inll 3.764(4) Inl0 3.834(4)

K8  3.464(5) K2 404103 2 In12 3.818(5) Int1 3.817(4) K15 43302)
2 Kil 3.807(3) 3 K8  3.854(5) Inl4 3.487(5) In12 3.977(4) K16 4.38(3)
2 K12 3.767(4) Inl6 3.464(5) In13 3.854(4) K17 136(2)

K14 3.955(2) K5 In13 3.816(4) K17 3.02Q2)

K4  3.854(5) Inl4 3.7174)
Int7 2 3 3817(5) K7  3.791(7) Inl6 3.767(4) K17
: 2 Ind  3.754(5) 2 KI2 4.0954)

In6  3.014(2) 2 I8 3617(3) K5 3.889(4) 3 Inl5 3.306(5)
2 Inl§s 2.992(2) 2 9 A70903) K9 K8  4.095(4) 3 Inl5 3.283(5)
2 Inl7 3.567(3) 2 Ini2 3.784(5) K11 4.150(5) 6 Inl7 3.801(8)

In13 3.639(5) 2 In3  3.684(5) K11 3.998(6)

K6  3.910(5) 2 6 3.740(3) K12 4.103(8) K16 1.36(2)

K7  3.559(4) KL 3.994(6) 2 In8  3.608(3) K12 4.337(7) K16 3.02(2)

K9  3.562(4) K9  3.852(7) 2 In12 3.665(4) K17 1.65(4)

K10 3.701(5) K1l 4.196(7) 2 Inl7 3.562(4) Ki3

Ki3  3.791(5) 2 K12 3.889(4)

K16 3.450(2) K5 3.852(7) 2 Inl  3.837(5)

K17 3.801(8) K6 2 K7 4.028(4) 2 In5  3.657(3)

K10 4.049(7) 2 In6  3.6403)v
K1 2 Inl  3.849(3) K15 4.174(7) 2 In7  3.662(5)
2 2 374203) Int5 3.687(5)
2 In5  3.714(4) K10 2 Inl7 3.791(5)

6 In3 3.598(d) 2 Iné  3.747(2)
3 14 3.620(6) 2 Inl5 4.059(5) 2 Inl  3.802(5) K2 3.868(5)
3 9 3.529Q) 2 In17 3.910(5) 2 In2  3.6353) 2 K6 3.9073)
2 In3  3.703(d) K7  3.948(7)

K3  4.10(1) K6 4.31(1) 2 In6  3.61003) K10 4.151(7)

3 K5  3.994(6) 2 KI0 3914(3) Inl5 3.770(5)
2 K13 3.907(3) 2 In17 3.701(5) K14
K2
K7 K3  3.846(5) 6 Inl2 3.964(9)
3 Inl  3.626(6) 2 K6 3.914(3) 3 Inl4 4.26(1)
3 In5  3.536(2) 2 Inb 3.71903) K9  4.049(7) 3 Inlé 3.955(2)
6 In7 3.663(4) 2 In7  3.682(5) K13 4.151(7)
2 I8  3.666(3) 3 KIl 3.568(7)

K4  4.04(1) 2 12 3.7134) Kit K15 4.16(2)

3 K13 23.868(5) 2 Inl7 3.559(4)
Inll 3.678(5) K15
K3 KB 3.791(7) 2 12 3.712(5)
2 K9 4.028(4) In13 3.613(6) 6 Ini2 3.809(8)
3 Inl  3.65U7) KI3 3.948(7) 2 Inl4 3.773(4)
3 In2  3.522(2) KI5 4.199(7) 2 Inl6 3.807(3) 3 K7 4.199(7)
6 I3 3.658(5) 3 K9 41747
K5 4.196(7) Ki4 4.16(2) «

Kl 410D 2 K12 4.149) Ki6 4.33(2)

3 KI0 3.846(5) 2 K12 3.998(6)
Kl4 3.568(T)
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Table XVII. Positional and isotropic equivalent displacement parameters for
Naglngg g(1)Sng 1(1)

atom N X y z Beg Occup. No.at./formula

Inl 18h  0.2710(1) -X 0.92860(7) 2.112)

In2 18h  0.6030(1) -x 0.98805(7) 2.3(2)

In3 18h  0.2250(1) -X 0.9801%(7) 2.2(2)

In4 18h  0.2704(1) -X 0.73798(7) 2.1(2)

In5 18h  0.5415(1) -x 0.94200(8) 24(2)

In6 18h  0.5616(2) -X 0.04185(9) 2.1(3) 80(1)% 4.80(7)

In7 36i 0.6678(2) 0.1477(2) 0.89359(5) 2.3(1)

In8 18h  0.2182(1) -X 0.88075(7) 2.6(2)

In9 36  0.6669(2) 0.9913(2) 0.86320(5) 3.0(1)

Inl0  18h 0.5623(1) -X 0.29080(7) 2.4(2)

Inll 18h  0.2191(1) -X 0.78617(8) 29(2)

Ini2 6c 0O 0 0.4691(3) 53(5) 70(2)% 1.40(3)

In13 18h  0.1137(4) -X 0.9837(2) 4.0(7) 45(1)% 2.70(7)

Sn 36i  0.4926(3) 0.3343(2) 0.16662(6) 26(1)  76(1)% 9.1Q1)

Nal 6c 0 0 04041(7) 2(1)

Na2 18h  0.5389(7) -x 0.1057(4) 31

Na3 18h  0.1282(8) -X 0.1037(5) 4(1)

Na4 18h  0.2139(6) -X 0.0468(4) 3(1)

Na5 18h  0.5427(8) -X 0.83434) 3(1)

Na6 361 0.290(1) 0.331(1) 0.9318(3) 3.2(6)

Na?7 6c O 0 0.2046(7) 3(1)

Na§ 6c O 0 0.1280(7) 3(1)

Na9 3a 0 0 0 4(2)

Nal0 18f 0.372(2) 0 0 7(2)
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Table XVIII. Anisotropic displacement parameters for Na,glngg g1ySng 1)

atom  Up Up Us3 Uy Uys Usz
Inl 0.030(2) Uy, 0.029(2) 0.021(2) -0.0005(8) -Uys
In2 0.030(2) Uy, 0.027(2) 0.015(2) -0.002(1) -Ujs
m3 00282 U 0.0272) 0.013(2) 0.002(1) Uy
Ind 0.023(1) Un 0.035(2) 0.013(2) 0.000(1) -Uj3
InS 0.029(2) Ul1 0.032(2) 0.015(2) -0.003(1) Uy
In6 0.022(2) Ul1l 0.034(3) 0.011(2) 0.004(1) Uz
In7  00231)  0.02%(1) 0.035(1) 0.012(1) 0.001(1) -0.009(1)
In8 0.036(2) Ul1 0.025(2) 0.017(2) -0.005(1) -Ujs
In9 0.064(2) 0.031(2) 0.027(1) 0.031(2) -0.000(2) -0.005(1)
0 00372  Ull 0.025(2) 0.025(2) -0.0014(9) U4
Inll 0.043(2) Ul1 0.030(2) 0.024(2) 0.004(1) -Ujs
In12  0.081(8) Ull 0.040(8) Uyy/2 0.0 0.0
Inl3 0.063(6) Ul1 0.039(6) 0.040(7) -0.001(3) Uy
Sn 0.030(2) 0.027(2) 0.027(2) 0.004(2) 0.001(2) -0.0002)
Nal 0.03(1) Ul1 0.02(2) Upy/2 0.0 0.0
Na2 0.03(1) Uy 0.06(2) 0.02(1) -0.003(5) -Uy3
Na3  004(1) Uy 0.06(2) 0.02(1) 0.000(6) Uy,
Nad  00238) Uy 0.06(1) 0.02(1) 0.008(5) Uy
NaS  00329) Uy 0.03(1) 0.00(1) 0.004(6) Ups
Na6é 0.04(1) 0.032(8) 0.05(1) 0.018(8) 0.016(8) 0.016(8)
Na7 0.04(1) Uy 0.03(2) Uy /2 0.0 0.0

Na8  0.05(1) Uy 0.03(2) U2 0.0 0.0
Na9  0073) Uy 0.023) U, /2 0.0 0.0

Nal0  0.09(2) 0.04(2) 0.11(3) Usof2 -0.02(2) 20,5
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Table XIX.  Distances to nearest neighbors about each atom in Nayglng, oSng , (d < 4.20 A)

Inl In§ In9 Inl3 Nald Na6

2 Inl 30337 In2  2940(5) In7  2977(4) I3 3.13(1) 2 Ind  3.542) Inl  3.59(1)
In3  2963(5) In6 3013(6) In8 3.078(3) Ind 3.48(1) 2 In7 3.48Q2) In3  3.63(1)
2 In6  2989(5) 2 In7 3.067(4) In9 3.088(6) 2 Ini0 3.355(7) 2 9 3.39(1) Ind 3.52(1)

In8  2.882(5) Inll 3.083@) Inl0 3.05(1) Inl0 3.23(2) In5 3.56(1)
Nat 3.575(7)  Sn 2941(5) 2 In13 3.61(1) 2 Iell 351(1)  In6  3.55(1)

2 Na2 357Q2) Na2 3.34(2) Sn 2945(5) 2 Sn 372 InT  3.64(1)
2 Na6 3.59(1) 2 Nad 3.48(1) 2 Na6  3.66(2) In8  3.64(1)

Na7 3.44(3) 2 Na6 3.56(1)  Na2 3.35(1) Na9 3.30(1) Nad 3.80(33) In9 3.59(1)
2 Nal0 3.832)  Na3 339%I) 2 Nal0 3.733) 2 Naé6 3.55(2) Inl0 3.48(1)

In2 Na5 3.4(1) Na8' 3.81(3) Inll 3.63(1)
Iné Na5 3.46(1) Sn Inl3 3.66(2)
2 2 3.097() Na6  3.59(1) Nad
2 In3  3A15(4) 2 Il 29895 I8  2.942(5) Na2 3.67(2)
In5  2.940(5) In2 3.014(6) Into 9 2941(5) 2 In2  3.42(2) Na3 3.55(2)
In6  3.014(6) 2 In3  3.2006(3) In9 2945(5) In3 3.45Q) Nad  3.74(2)
In5  3.013(6) 2 Ind  2956(4) Inll 2928(5) 2 In5 3.48(1) Nai0 3.71(2)
Nal  3.53(3) 2 Ini3 3355(7) sn 2.853(7) 2 In7  3.50(2)
2 Na4 3.42Q2) Na2 3.36(2) In13  3.05(1) Sn 2806(7) Inl0 3.08(2) Na7
2 Nal0 3.61(2) 2 Na6 3.55(1)
2 Nal0 3.46(2) Na3  3.23(2) Na2 3.63Q2) Nal 3.57Q2) 3 Inl 3.4403)
In3 Nad  3.08(2) Na3 3.72Q2) Na3 3.80(3) 3 In8 3.268(7)
In7 2 Na6 3.48(1) NaS 3.70(2) 2 Na6 3.74(2) 6 Sn  344(2)
Inl  2963(5) Na9 3.662(4) Na7 3.44(2) 2 Nal0 3.94(1)
2 In2 3115(4) In5 3.067(4) Na8 3.47(2) 3 Na2 3.78Q2)
2 In6 3206(3) In7 3.045(5) Inlt Nas Na8 3.96(5)
In13  3.13(1) In7  2.991(5) Nal
9 ' 29774) I 2.876(5) 2 W7 3.60Q2) Na8

Nad4 3.45(2) Inl2 3.3796) In8 2921(6) 3 In2 3.53(3) 2 In7 3.53(2)

2 Na6 3.63(1) 2 In9 3.0834) 3 In§ 3.575(7) 2 In9 3.42(1) 3 Ind  3.4203)
2 NalO 3.367(5) Nal 3.53(2) 2 Sn 2928(5) 6 In7 3.53(2) 2 Iu9 346(1) 3 Inll 3.236(7)
Na2 3.51(2) Inl2 3.36(4) Ini2 3.85Q2) 6 Sn  3.47(Q2)
Ind Na3 3.48(2) 2 Nal 3.5K(1) In12 3.81(2)
Nad 3502) 2 Na6 3.63(1) 3 Nad 3.57(2) 2 Sn 3.70(2) 3 Na3 381(3)
2 Ind  3063(6) Na5 3.532)  Na8 3.236(7) Na7 3.96(5)
2 Inl0 2956(4) Na5 3.60(2) Na2 Na2 3.86(3)
Inll 2876(5) Na6 3.64(1) In12 2 Na5 3.48(2) Na9
In13 3.18(1) 2 Il 3.57Q2)
In8 6 In7  33796) 1S 3.34(2) 6 Ind  4.089(4)
2 Nal 3.54(2) In12 3.193) 6 3.36(2) 6 Inl0 3.662(4)
2 Na6 3.52(1) Inl  2.882(5) 2 In7  351(2) 6 Inl3 3.30(1)
Na8 342(33) 2 In9 3.078(3) Nal 336(33) 2 In8 3.49(1)
Inll 2921(6) 3 Na5 3.81(2) 2 9 3.35(1) Nal0
2 Sn 2942(5) 3 Na5 3.85(2) 2 Sa  3.63(2)
In2  3.61(2)
2 Na2 3.49(1) Na5  3.86(3) I3 3.367(5)
2 Na6 3.64(1) 2 Na6 3.67(2) In5 3.83(2)
Nal  3.268(7) Na7 3.78(Q2) Iné  3.46(2)

Ini3 3.73(3)

Nad 3.94(1)
Na6 3.71(2)

NN NN
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5.00
-5.00
-5.00 5.00
Figure 1. A section of a Fourier map calculated from F,,; with phases from the refined

structure III. The plane contains four InS atoms, part of a hexagonal prism
(black spots), and K5 and K6 which are disordered along the c¢ axis (vertical).

The contour interval is 1 e/A2,
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7.00
7.00
7.00 7.00
Figure 2. A section of a Fourier map calculated from F,,, with phases from the refined

structure 1V, The plane contains two of the capping atoms, Inl5, of a
hexacapped hexagonal prism and K16 and K17 which are disordered along the ¢

axis (horizontal). The contour interval is 1 ¢/A3.
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Figure 3. The anionic network of structure I (c vertical). All distances less than 3.5 A are
drawn and the building blocks of Iny,, In;5 and 21-atom spacer are shaded. (20%
cllipsoid probability)




Figure 4.

The three building blocks of structure I: a) 12-bonded icosahedron; b) 15-bonded closo-In,s;: ) 18-bonded 21-atom
spacer in one of two possible orientations. Inl, 2, 3 have mixed In and Zn or Au occupancy. The partially occupied
sites are shown as dotted ellipsoids. (94% probability thermatl ellipsoids)

$8¢



Figure 5.

Shown is how the refined formation (right) with Dg;, symmetry is generated by superimposing two 21-atom spacers
with two orientations. The atoms of the two end hexagons are common for both orientations (solid ellipsoids) while
the rest belong to one orientation only (dotted ellipsoids).

G8¢
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¢ o—
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Figure 6. A condensed view of structure I (c vertical). The Kagomé nets of In;, (open

circles) are joined via In,5 (octant-shaded circles) and the voids are filled with
the 21-atom spacers (crossed circles). The structure can be related to CaCus by
replacing In;, and In;5 with Cu and the 21-atom spacer, with Ca atoms.
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Figure 7. A view of the anionic network of structure II ([111] vertical). All distances less

than 4.0 A are drawn and the building blocks of Inj;and Injg are shaded. (20%
probability thermal ellipsoids)




Figure 8.

The two building blocks of structure II: a) 12-bonded In;,; b) 16-bonded In;c. In1 has mixed In and Zn occupancy.

The partially occupied positions are shown with dotted ellipsoids. (94% probability thermal ellipsoids)

88¢
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Figure 9. A condensed view of structure II ([111] vertical). The voids between the
Kagom¢ nets of In;, (open circles) are filled by Inq (octant-shaded circles).
The structure can be related to the Laves phase MgCu, by replacing In5 and
In with Cu and Mg atoms, respectively.
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Figure 10. The anionic network of structure III (c vertical). All distances less than 4.0 A
are drawn, and the building blocks of Iny,, In; and 18-atom spacer are shaded.
The latter form chains along the ¢ axis. (20% probability thermal ellipsoids)




Figure 11.

a

The three building blocks of structure III: a) 12-bonded icosahedron; b) 6-bonded triangle; ¢) 12-bonded 18-atom
spacer (a "Big Mac") with a geometry of a hexacapped (In6) hexagonal prism (In5). (94% probability thermal
ellipsoids)

162
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Figure 12. A condensed view of structure III (¢ vertical). The Kagomé nets of In;, (open
circles) are joined via indium triangles (small shaded circles). The voids are
occupied by the 18-atom spacers (crossed circles) which form chains along c.
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Figure 13, The anionic network of structure IV (c vertical). All distances less than 4.0 A
are drawn, and the building blocks of 12- and 6-bonded Inj,, In; and 15- and
18-atom spacers are shaded. (20% probability thermal ellipsoids)




Figure 14.

Three of the five building blocks of structure IV are shown: a) 12-bonded In,,; b) 6-bonded In,,; c) 6-bonded
triangle. (94% probability thermal ellipsoids)

p6C



Figure 15.

The two spacers in structure IV: a) 15-bonded 15-atom spacer with C3, symmetry; b) 12-bonded 18-atom spacer
with Dyy symmetry. (94% probability thermal ellipsoids) '

S6¢



Figure 16.

Condensed views of structure IV (a) and K;,Inyg (b). The Kagomé nets of 12-bonded In,, (open circles) are joined
by 6-bonded In;, (open circles) in K;;Inyg and by altemating 6-bonded In,, and Ing (small shaded circles) in IV.
The voids are filled by 15-atom spacers (octant shaded circles) in Ky,In,g and by altemating 15- and 18-atom
(crossed circles) spacers in IV. Structure IV is an intergrowth structure of layers of K,,In3q (top and bottom layers)
and of structure III (middle layer). It can be related to the structure of NbBe; by replacing In,, and Iny with Be and
the spacers, with Nb atoms.

96T
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The anionic network of structure V (¢ vertical). All distances less than 4.0 A are
drawn and the building blocks of 12-bonded icosahedra (A- and B-type), closo-

In;g (center) and 20-atom spacer (down left) are striped. (20% probability

thermal ellipsoids)

Figure 17.



Figure 18.

Two of the four building blocks of structure V: a) 12-bonded In;, (A-type); b) 12-bonded closo-In;g with D44
symmetry. The partially occupied sites are shown with dotted ellipsoids. (94% probability thermal ellipsoids)

867



Figure 19.

Two of the four building blocks of structure V: a) 12-bonded In;, (B-type); b) 24-bonded 20-atom spacer. The
partially occupied sites are shown with dotted ellipsoids. (94% probability thermal ellipsoids)

66T
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Figure 20.
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Two condensed interpretattions of structure V. The Kagomé nets of A-type In,, are joined via In;g and the voids
are filled by: a) the B-type In;, and the 20-atom spacers; b) 22-atom spacers made of one B-type In;, and a half of
the 20-atom spacer (Figure 19b). The second version can be considered as related to the structure of the Laves
phase MgCu, by replacing In;, and In;g with Cu and the 22-atom spacers, with Mg atoms.

00t
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[eV]
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Figure 21. Molecular orbital diagrams for closo-In;5 (left) and closo-In;g (right) obtained
from extended-Hiickel calculations.
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PART III. COMBINATIONS OF ISOLATED AND INTERCONNECTED

INDIUM CLUSTERS -~ FULLERENES OF INDIUM
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PAPER 11. SYNTHESIS, CHARACTERIZATION AND BONDING OF INDIUM
FULLERENES: LAYERS OF FUSED IN;, WITH ENCAPSULATED

CLUSTERS
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ABSTRACT

Temary compounds Naggln_g;Z, where Z=Ni, Pd or Pt are obtained in high yield by
slow cooling of the appropriate fused mixtures of the elements in welded Ta. They occur in the
hexagonal space group P6;/mmc, Z = 2 with a = 15.969 (9), 15.963 (2), 15.950 (2) Aandc=
47.39 (8), 47.57 (1), 47.45 (1) A for Z = Ni, Pd, Pt respectively, The structure was refined for
the Ni and Pd derivatives to R, R, = 4.5, 5.2% and 3.2, 3.1% respectively. It contains layers of
fullerene-type spheres of 74 indium atoms, In;,. Each sphere (D5;) shares the equatorial six of
its twelve pentagonal faces with six other spheres of the same type. The layers are separated by
sodium cations and naked Z-centered In_,, clusters in octahedral type voids. The indium
spheres are centered by isolated Z-centered In_;, clusters as well as sphere of sodium cations
between the surface of the indium sphere and the central cluster. Each indium atom of the
network is bonded to a fourth indium, which, for those in the equatorial belt of the spheres, is
accomplished through bonding between two spheres. The atoms near the poles of the spheres
gain a fourth or more bonds through bonding to a triangle of indium atoms added above each
pole or to hexagons of indium atoms placed above and below every other point of the layer
where three spheres meet. Extended-Hiickel band calculations on a single layer and the refined
composition indicate that the most likely place of the Fermi level is between slightly bonding
and slightly antibonding combinations of mainly lone pairs of electrons on the added triangles
and hexagons of indium atoms. This would require a total of -23 charge distributed between the
two types of isolated Z-centered indium clusters. The latter have nearly spherical geometry with
nearly continuous distribution of the electron density on the surface. The refinement with
partially occupied indium positions of the cluster showed a total of approximately 10 indium
atoms per cluster. The compounds are diamagnetic (-2.6, -2.0, -1.2 x 107 emu mol™! for Z =

Ni, Pd, Pt respectively).
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INTRODUCTION

A considerable amount of work has been done on studying different sizes of carbon
fullerenes and their derivatives obtained by substitution, addition, intercalation and insertion,!
There have been reports on mass-spectrometric detection of boron substituted fullerenes B, Cgy
(n < 6) as well as on failed attempts to prepare cages of noncarbon atoms only, B-N as an
example.2 Another part of the research has been directed toward synthesis of fullerenes with
encapsulated metal atoms, and recently the metallofullerenes M@Cg, (M = La, Y, Sc) and
Scy;@Cg, have been identified by mass spectrometry and electron paramagnetic resonance.*$
The scandium atoms in the latter are thought to form a triangular cluster inside the 82-atom
cage. Alkali metal intercalated fullerenes of Cg and C,, have shown superconductivity.l In
these compounds, the carbon cages carry negative charges of up to -6 or in other words, there
are 6 more electrons on the cluster orbitals than the needed for skeletal bonding within the cages.

This article reports on compounds containing Buckminster Fuller type cages of indium
atoms only. Moreover, these 74 atom cages have an isolated Ni, Pd or Pt-centered clusters of
ca. 10 indium atoms encapsulated at the center as well as 39 sodium atoms placed between the
surface of the sphere and the isolated central cluster which are capping from inside the 12
pentagonal and 27 hexagonal faces of the cage. Following the nomenclature proposed by
Smalley et al,2 the formula of one cage should be written as Z@In,(@Na;@In,4 where Z = Nj,
Pd or Pt. Although these cages are not isolated but rather fused with each other via six of the
pentagonal faces and lack the characteristic for the Cg delocalized n-bonding system, we still
can call them fullerenes since they resemble the structures proposed by the late Fuller.

We have already studied the binary alkali metal—indium systems and discovered novel
compounds containing isolated clusters (In“7'. In48')9' 10 or networks of clusters (8-bonded-

Inmlz', 4-bonded-ln6‘" etc.)!! 12 of indium. Later we worked on ternary systems and found that
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some elements like Zn, Ni, Pd, Pt center isolated clusters of 10 indium atoms such as Ianng‘ in
KgInyoZn or InygZ'% in K,4ln;oZ where Z = Ni, Pd, Pt.!> 14 The next step was to try to make
similar temary phases using Na instead of K. This led to the compounds presented here which
are in fact a combination of a network of indium atoms and isolated and centered indium

clusters.
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EXPERIMENTAL SECTION
Synthesis.

All materials were handled in a N,-filled glovebox with a typical H,O level of less than
0.1 ppm vol. The surface of the indium (Cerac, 99.999%) and sodium (Alpha, 99.9+%, sealed
under Ar) were cut clean with a scalpel before use. Nickel sheet (Matheson Coleman & Bell,
reagent), palladium wire (Johnson Matthey, 99.995%) and platinum sheet (Government issue,
reagent) were used as received. All reactions were carried out in welded tantalum tubes jacketed
in sealed silica containers. The techniques are described elsewhere.!!

Initially the i)hases Naggln_g;Z, were identified in the products from reactions loaded
with compositions Na,gIn;Z and heated at 600°C. After the structure of the Ni derivative was
partially refined and approximate composition determined, samples with atomic ratio of Na : In :
Ni, Pd or Pt = 96 : 98 : 2 were prepared. The mixtures were melted at 700°C for one day (the
highest melting point in the Na--In system is about 440°C) and then slowly cooled to room
temperature at 5° per hour. The compounds form bar- and gem-like crystals with dark gray
color but metallic luster.

Powder patterns were obtained from ground samples that were mounted between pieces
of cellophane tape. An Enraf-Nonius Guinier camera, Cu Ko, radiation (A = 1.540562 A), and
NBS (NIST) silicon as intemal standard were employed for this purpose. X-ray powder patterns
calculated on the basis of the refined positional parameters for NaggIn_g;Ni, matched the
respective ones measured for the Pd and Pt products very well, leading to the conclusion that the
same structure pertained to all three. A least-square refinement of the measured 26 values
together with those of the standard Si lines resulted in a = 15.969 (9), ¢ = 47.39 (8) A for
NageIn_o7Niy, a = 15.963 (2), ¢ = 47.57 (1) A for NaggIn_g,Pd, and a = 15.950 (2), ¢ = 47.45

(1) A for Naggln_o7Pt,. The quite large standard deviations of the lattice parameters of the Ni



308

derivative resulted from very diffuse lines on the experimental powder pattern. All the patterns
contained also weak lines for minor phases of Naln, Na,yIn;,Z and In metal ( total mass fraction
of less than ca.10%) probably formed from eventual incongruent formation of the major
compound upon the slow cooling.

Structure Determination.

Diffraction data for NaggIn_g,Ni, and NaggIn_g,Pd, were collected on CAD4 and
SIEMENS/RA single crystal diffractometers, respectively, at 21°C with monochromated Mo Ka
radiation up to 28 = 50°. The structures were refined with the aid of the TEXSAN software
package. Some details of the data collection and refinement for the two compounds are listed in
Table I. Unique aspects of the crystallography follow:

Naggln_o;Niy. A few bar-like crystals of the first sample (Na: In: Ni=10:10:1)
were sealed in thin-walled capillaries and checked for singularity by means of oscillation
photographs. One of them, 0.1 x 0.1 x 0.2 mm, was chosen, mounted on CAD4 single crystal
diffractometer, and 25 reflections found from random search were indexed with a hexagonal unit
cell. Data collected from one small octant of reciprocal space were corrected for Lorentz and
polarization effects and for absorption with the aid of the average of four y-scans at different 26
angles. The observed extinction condition, hhl: | # 2n suggested three possible space groups —
P63mc, P62c and P6;/mmc. The Wilson plot corresponded to a centrosymmetric distribution and
therefore P6;/mmc was chosen. The reflections were very sharp (ca. 0.4° along ®) and although
the ¢ axis is quite long no overlap of reflections was observed (collection was done with 0.5°
width w-scans).

Direct methods (SHELXS-86) provided eleven peaks that had distances to each other
appropriate for indium atoms, and they were so assigned. A few cycles of least-squares

refinement and a difference Fourier synthesis revealed two atoms at special positions with many
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peaks surrounding them at distances appropriate for Ni~In distances and also fourteen other
positions with distances appropriate for sodium. After assigning the first two positions to Ni
atoms and the latter fourteen to Na atoms, the subsequent refinement and difference Fourier map
revealed four more Na atoms, and the electron density around the Ni atoms remained. These
remaining peaks were of relatively low height, and some of them were too close to each other
although all of them were at appropriate distances to the central Ni atoms. A few of them were
assigned as indium, and the following least-square refinement led to unusually high thermal
parameters for them. At this point the well behaved indium atoms and all 18 sodium atoms
were refined with anisotropic thermal parameters which resuited R of 9.5%. Next, all remaining
peaks around the Ni atoms were input as In atoms and their anisotropic thermal parameters as
well as their multiplicities were refined. The R and R, factors dropped to 4.5 and 5.2%
respectively after refining a secondary extinction coefficient as well. The largest residual peaks
in the final difference Fourier map were 2.56 ¢/A3, 1.2 A from Nal, and -3.23 e/A3. The total
numbers of In atoms around Ni(A) and Ni(B) are 9.86 (9) and 10.19 (9) respectively. This leads
to a final refined composition of Nagglngg g1)Ni,.

Naggln_g,Pd,. The fact that the data from the Ni-containing compound were refined
with few partially occupied indium atoms with quite anisotropic and large thermal parameters
produced some concem about whether the space group chosen was correct. In order to check for
a possible lower symmetry space group a single crystal (gem-like, 0.15 x 0.15 x 0.15 mm) of
the Pd compound was studied by oscillation and Weissenberg photography with Cu Ka
radiation. The crystal was aligned along the a axis of the hexagonal setting and Weissenberg
pictures of the Okl and 1kl layers were taken. Three mirror planes perpendicular to a, to b and
to ¢ and an extinction condition 00/ | # 2n were revealed. Later the same crystal was mounted

on SIEMENS/RA single crystal diffractometer, and this time a larger data set of a quarter of a
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sphere of reciprocal space was collected. After corrections for Lorentz and polarization effects
and for absorption with the aid of a 8-dependent curve derived from six y-scans, the data
confirmed the extinction condition for P6;/mmc and averaged very well in the corresponding
Laue class (4.6% on all data with I > 0). The atomic positions for the well behaved In atoms
and those for the Ni and Na atoms in NaggIn_g;Ni, were used to refine the structure. A
difference Fourier map revealed again many low height (ca. 20 to 25 e/A3) peaks around the Pd
atoms, but some of them were too close to each other. After assigning all of them as In atoms
and refining their multiplicities and anisotropic thermal parameters for all atoms, the final
residues became R, R, = 3.2, 3.1% respectively. The largest peaks in the final difference
Fourier map were 1.57 ¢/A3, 1.3 A from InA3, and -1.24 e/A3. The total numbers of the In
atoms around Pd(A) and Pd(B), 9.45 (6) and 10.07 (7) respectively, are very close (within 4c) to
those around Ni(A) and Ni(B) in the Ni derivative. At this point, it was thought that maybe
some of the symmetry elements implied by P6;/mmc were artificial for the problematic indium
atoms, although they may be real for the remaining atoms (only ~17% of the scattering is due to
the indium atoms around the palladium positions). Consequently, a much lower symmetry space
group P2,/m was assigned, and atomic positions were calculated from the well refined atoms in
P63/mmc. The difference Fourier map based on this model revealed the same problem around
the palladium atoms. There were again peaks with low height, some very close to each other.
The same result was obtained using the acentric P2; and this led to the conclusion that these
problematic atoms experience real disorder throughout the crystal.
Physical Properties.

About 25 mg of nearly single phase NageIn_g,(Ni, Pd or Pt), were prepared by
selectively collecting relatively large crystals of the corresponding compound from each product.

These were ground, loaded in special holders and sealed under He atmosphere. The




311

magnetization was measured at a field of 3 T over 6=295 K and of 100 Oe over 1.4—6 K on a

Quantum Design MRMS SQUID magnetometer.
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RESULTS AND DISCUSSION
Structure Description.

The final positional and isotropic-equivalent displacement parameters as well as the
occupancy of the partially occupied sites are reported in Tables II and III for Naggln_o;Ni, and
Naggln_g;Pd, respectively. The anisotropic displacement parameters for the two compounds are
listed in Tables IV and V, respectively. The important distances around the In, Ni and Pd atoms
are reported in Table VI and those around the Na atoms, in Table VII. A general view of the
unit cell is shown in Figure 1 with all In~In distances less than 4.0 A drawn, for clarity, only
one cluster between the layers and the contents of one cage are shown,

The structure is built of layers perpendicular to the ¢ axis with two layers per unit cell.
Each layer is a close packed arrangement of equivalent and nearly spherical cages and is
perfectly flat. The cages (Fig. 2) are 74-atom indium fullerenes built of 12 pentagonal (as in all
sizes of carbon fullerenes) and 27 hexagonal faces, and have D, point group symmetry. Each
atom of the cage has three bonds on its surface. Each of the six equatorial (the equatorial plane
of the ball is perpendicular to the ¢ axis and the corresponding poles are pointing along ¢)
pentagons of a cage is shared with a neighboring cage so that the atoms of these pentagons (In2,
4, 7, Figure 2) belong to two cages and are four-bonded. The two atoms of each of the three
equatorial hexagons that do not belong to a pentagon (In5) form two additional bonds to the
same type atoms from two neighboring spheres and become five-bonded (Figure 3). At higher
latitude, In6 atoms have one additional bond each to In6 atoms in another sphere and are four-
bonded (Figure 3). The atoms near and at the poles (Inl, 3, 8, 9) do not have close neighbors
from surrounding spheres in order to form more than three bonds. In contrast to the carbon
atoms in the carbon fullerenes which have only three ¢ bonds, the indium atoms appear to

require four or more bonds. In order to satisfy this requirement, triangles of Inl1 are added
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above each pole, and hexagons of In10 are inserted above and below every other point of the
layer where three spheres meet (Figures 1 and 3). This leads to formation of three additional
bonds for the polar (In9) atoms and one more bond from their nearest neighbors (In8) to the
triangles (Figure 3). The atoms forming the triangles become also four-bonded. Inl and 3 from
the spheres form two and one additional bonds to each hexagon and become five- and four-
bonded, respectively. The atoms from the hexagons are four-bonded.

The layers of the fullerenes are stacked in a hexagonal (ABA...) fashion along the ¢ axis
at z=1/4 and 3/4. Since the hexagons of In10 (above) are inserted only in B positions in A-
type layers and in A positions in B-type layers, those In11 triangles added above each pole of
the spheres are right above or below these hexagons (Fig. 1, near 1/3, 2/3, 1/2 and Fig. 3). The
shortest distance between two layers occurs between In10 and In11 and is 5.434 (9) A for the Ni
derivative and 5.458 (2) A for the Pd one.

The layers are separated by sodium cations and also by isolated Z-centered indium
clusters nested at the octahedral sites that are the C positions for both layers (Fig. 1, at 0, 0, 1/2).
From Figure 1 can be seen that these octahedral sites are surrounded by indium hexagons and
pentagons from above and below which remind one to some extend of a broken sphere. If we
zoom in on this place, we find that there is one sodium atom, Na7, which, if connected to its
nearest indium neighbors, completes the sphere to a Mgg-type fullerene (Figure 4) built of 48
indium (In3, 6, 8, 10, 11) and 12 sodium atoms. This fullerene has the geometry of the known
Cgo molecule although with somewhat reduced point group symmetry of D,4. Notice on Figure
4 that the sodium atoms are positioned quite a bit above the surface of the sphere defined by the
indium atoms, and the reason for this is the longer Na~In bonds (ca. 3.4 A) compared with the
In—In bonds (ca. 3.0 A). All six Na7—Na7 edges are shared with other Mg, cages in the a.b

plane, and thus another type of close-packed layer (at z = 0 and 1/2) emerges. The Mg shares
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six of its pentagons (In3, 6, 8) with In,,, and the two cages contain the two types of isolated Z-
centered indium clusters at their centers.

The above considerations suggest a different representation of the whole structure. It
now can be viewed as built of alternating close packed layers of Iny4 and Mg, (InggNa,,)
fullerenes stacked along the ¢ axis which follow a double hexagonal CACB... sequence with Mg,
always at the C level (Figure 5a). The number of the Mg, cages equals the number of the In,,
cages, and if we imagine that each Mg is a Ni atom and each In,, is an As atom, then the
compound is isotypic with the very well known NiAs type structure.

The positioning of the sodium atoms throughout this structure is novel, that is, all the
sodiums except Na7 (above) cap all of the hexagonal and pentagonal faces of the two cages
from both sides (Figures 6 and 7). Following is a list of the capping sodium atoms and the

faces they cap:

a) in In,,

- Nal3 inside and Na2  outside cap the hexagon Inl, 3, 3, 8, 8, 5;

- Nal8 inside and Nal7 outside cap the pentagon In3, 3, 6, 6, 8;

- Na4 inside and Na8  outside cap the hexagon Inl, 3,4, 5, 6, 7;

- Nal2 inside and Nal  outside cap the hexagon In2, 2, 4, 4, 6, 6;

- Na9 inside and Nal4 outside cap the hexagon In5, 5,7, 7,7, 7;

- Nal6 inside and Nal6 outside cap the pentagon In2, 4, 4, 7, 7;

b) in Mg,

- Na6 inside and Nal outside cap the hexagon Iné, 6, 6, 6, 6, 6;

- Nal7 inside and Nal8 outside cap the pentagon In3, 3, 6, 6, 8;

- NalQ inside and Na8  outside cap the hexagon In3, 3, 6, 6, 10, 10;
- Nai5 inside and Na2  outside cap the hexagon In3, 8, 10, 11, Na7, 7;

- Nall inside and Na5 outside cap the pentagon In10, 10, 11, Na7, 7.
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There are 39 sodium atoms (12 x Na4 + 3 x Na9 + 6 x Nal2 + 6 x Nal3 + 6 x Nal6 + 6 x
Na18) inside the 39 faces of In,, and 32 sodium atoms (2 X In6 + 6 x In10 + 6 x Nall + 12 x
In15 + 6 x In17) inside the 32 faces of Mg, The sodium atoms that are outside both cages are
Nal, 2, 3,5, 8, 14.

If lines are drawn between the inside sodium atoms (endo-Na) of the two spheres as it is
done with open bonds in Figures 6 and 7, additional nearly spherical formations inside the
fullerenes are revealed. These are correspondingly 39 and 32 atom regular deltahedra (triangular
faces only) of five and six "bonded" sodium atoms (within the deltahedron). Figure 5b shows
part of the cell with only the sodium atoms (except Na7). The atoms of the indium fullerenes
can now be viewed as capping ali faces of each inside deltahedron. Since each "six-bonded"
sodium atom has six adjacent triangles and each "five-bonded" sodium atom has five, they cap
respectively a hexagon and a pentagon from the fullerene.

One very important consideration for the further discussion is that the "six-bonded"
endo-Na atoms need to be closer to the surface of the fullerene, or in other words further from
its center than the "five-bonded" endo-Na atoms, in order to keep reasonable and more or less
equal Na—In distances. This also leads to shorter exo-endo Na-Na distances for the hexagon
capping atoms than for the pentagon capping ones. (As an example, 4.34 (1) A for Na17-Nal8
vs. 3.48 (1) A for Nal3—~Na2). All of this means in effect that all of the sodium positions in the
structure are fixed (determined) by the positions of the atoms building the fullerenes, and this
has a dramatic effect on the isolated indium clusters at the center of the cages.

There are two different isolated and Z-centered clusters in the structure, The central
atoms (Ni or Pd) have two crystallographically different positions with very high symmetry,
6m2 (D5, point group) and 3mm (D4 point group). The first one is at the center of the In,,

fullerene (NiA and PdA) and the second one is at the center of Mg, cage (NiB and PdB).
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During the refinement of the structures (above), it was found that each of these positions is
surrounded by a shell of electron density with no well defined maxima (Figure 8). These shells
are quite spherical and with average radii (2.78 and 2.66 A around NiA and B, respectively, and
2.80 and 2.70 A around PdA and B, respectively) appropriate for Ni—In and Pd—In.distances
(2.77 A is the average for Ni~In in In;Ni'® and 2.81 A is the Pd—In distance in PdIn with
CsCl type structure!% 16). The electron density of these shells was approximated by placing
indium atoms at all maxima and refining them anizotropically and with partial occupancies.
Figure 9 shows the clusters with the ellipsoids of the indium atoms drawn at the 94% probability
level. It can be seen that all the ellipsoids are quite two dimensional disks and also that all of
them are tangential to a sphere around the center of the cluster. The same clusters are shown
with 50% probability thermal ellipsoids on Figure 10 where one can see more clearly the
supposed positions of the indium atoms.

The electron density around NiA (within In,,) was refined with five independent indium
positions, InA1l, A11, A2, A3, A31, while only four positions , InAl, Al1, A2, A3, were enough
(the criterium was achieving comparable positive and negative peaks in the difference Fourier
map) around PdA. Nevertheless, the totals of the indium atoms (the partial occupancies are
accounted for) in the two clusters are equal within 40, 9.86 (9) and 9.45 (6) around NiA and
PdA, respectively. For both clusters, InA3 (Figure 11) can be considered as a split atom around
a position that defines a trigonal prism. InA2 is split around a position that caps the rectangular
faces of that prism. InAl caps the corresponding triangular ends. In addition to these, InA11
and InA31 are satellites of InAl and InA3, respectively. From Table VI can be seen that many
of the positions are very close to each other but also that there are many separations appropriate
to be In—In distances. The shortest distances from these clusters to the In,, fullerene are 5.00 (2)

and 4.988 (7) A for the Ni and Pd compounds, respectively, and occur between InAl and In9.
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Indium atoms in three different positions (InB1, B11, B2) around NiB and four different
positions (InB1, B11, B2, B3) around PdB in the Mg,-type cages were refined. The two clusters
refined to the same numbers of indium atoms within 1o, 10.19 (9) and 10.07 (7) around NiB
and PdB, respectively. The InB1 and B3 positions in the palladium cluster form an icosahedron-
like deltahedron. InB2 can be considered as a split atom around each InB3 position. InB11 is
like a satellite to InB1. Again, many of the distances on the surface of the cluster are reasonable
for In—In distances. The shortest distance from the cluster to the indium atoms of the Mg, cage
is 5.137 (6) A (InB2 to In11) for the Ni compound and 4.867 (8) A (InB3 to In11) for the Pd
compound. All our attempts to model 10-atom A or B type clusters with fully occupied
positions and "normal" In—In distances, disordered or not, failed.

A closer look at the electron density distribution on the surface of the clusters (see
Figures 8 and 9) reveals that there are only a few islands which have near zero electron density.
Most of the surface is otherwise covered by the thermal ellipsoids of the atoms. Another
interesting observation is that these islands of zero electron density are always located below a
"five-bonded" sodium atom from the outer deltahedron (Figures 12 and 13), We already
discussed the fact that the "five-bonded” sodium atoms are closer to the center of the deltahedron
than the six "bonded" ones (above). (One can see on Figure 12 that the "five-bonded" sodium
atoms are much closer to the plane of the pentagons they are bonded to than the "six-boned"
atoms to the corresponding hexagons). As a resuit of this, it is evidently impossible to locate an
indium atom anywhere in the nearest vicinity between the central atom and a "five-bonded"
sodium atom because it would be to close to one of them. On the other hand, the "six-bonded"
sodium atoms could have indium atoms undemeath at although very short but still possible
distances. The observed distances of 3.06(1), 3.18(2) and 2.906(8) A within the pairs of atoms

InA11-Nal3, InB11-Na6 and InB1-Nal0, respectively, in NagcIn_g,Pd, as an example, are
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comparable with the shortest Na—In distances in NajIn,,, 3.06 and 3.12 A.'! The distance
between InB2 and Nal$ in both compounds, 2.80(1) and 2.759(7) A for the Ni and Pd
derivatives,respectively, is on the other hand extremely short but evidently possible in this quite
compressed from outside formation. The rest of the surface of the cluster is allowed in terms of
distances considerations. The final result of all of this is that the inner indium atoms are pinned
radially by the Z atoms from inside and by the sodium atoms from outside, and at the same time
are not restricted at particular positions on the surface of the cluster and can "float". This gives
the observed disk-like thermal ellipsoids which cover most of the surface of the cluster.

The discussed above situation also reminds one very much the so called incommensurate
structures. In the latter, a mismatch between two layers or two rows of atoms with different
periodicities occurs, and this causes similar problems when refining the structure as
commensurate. In our case the mismatch is between the atoms of two spheres one of which has
fixed position (the sodium) and the other one is free to take different orientations in respect to
the first one. The incommensurability could be visualized as two infinite incommensurate rows
of atoms wrapped an infinite number of times around a sphere and can be called circular or
angular incommensurability.

Properties

Since the compounds are very air sensitive it is very difficult to measure their
resistivities by the conventional four probe method. They also could not be measured by "Q"
measurements technique used by us before because that requires quite large size particles in large
quantities and such were not formed for these products.

The magnetic susceptibilities of the three Nag¢In_g,Z, compounds over the range 6—295
K were temperature independent. As before, after corrections for the holder two types of

diamagnetic corrections were applied. The first one, for the ion cores of the constituent
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elements, totals -2.39, -2.41 and -2.44 x 10"> emu mol! for the Ni, Pd and Pt derivatives,
respectively. The second correction is for the Larmor precession of the electron pairs in the
orbitals of the isolated clusters. This was calculated by using an estimated average orbital radius
of 2.4 A for all isolated clusters and assuming a charge of -10 (20 skeletal electrons) on each of
them. This gave an additional correction of -0.32 x 10™ emu mol™! per cluster. The corrected
values for ¥ are plotted on Figure 14 and are ca. -2.6, -2.0 and -1.2 x 10 emu mol™! for the
Ni, Pd and Pt derivatives, respectively. These are quite large negative (diamagnetic)
susceptibilities but one should keep in mind that large diamagnetic contributions from bonding
electron pairs in the condensed indium cages have not been accounted for. If applied they
would lift the numbers of ¥, closer to zero and may even make them positive (eventually Pauli
paramagnetism). No superconductivity was detected at field 100 Oe down to 1.4K in any of the
three compounds.
Electronic Structure

Extended—Hiickel band calculations were performed on a single layer of the structure
with only the indium atoms included.!” The resulting distributions of the density of states
(DOS) and the total crystal orbital overlap population (COOP) curve are plotted on Figure 15.
A strongly bonding band of predominantly In p character is located between -10.2 and -6.3 eV
while the s levels form an wider band between -17.6 and -10.2 eV. It is clear from the COOP
curve that the levels between -6.3 and 4.0 eV are nonbonding or slightly antibonding. Since the
Z-centered isolated indium clusters could not be modeled with a particular rigid geometry a
precise electron count for the compound can not be done and therefore the position of the Fermi
level can not be determined unambiguously. Its position in Figure 15 (broken line) has been

chosen because of some indirect considerations presented below.
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Figure 16 shows on the left a magnified section of DOS near the Fermi level and on the
right the corresponding bands plotted throughout the Brillouin zone (I is at 0, 0, K is at 0.5, 0.0,
and M is at 0.5, 0.5). One can see that the bands closest to the Fermi level are very flat and this
suggests very weak and also localized interactions associated with them. The bands further
above and below are more and more dispersed which is the effect of stronger bonding or
antibonding interactions, Another observation is that the valence and conduction bands as
assigned by us form peaks that are very similar in shape and height in the density of states plot.
This similarity hinted that we should check more carefully the types of the corresponding
orbitals. A further magnified picture of this part of the diagram is shown on Figure 17. It can
be seen that the conduction band consists of two doubly degenerate orbitals at I" point that are
very close in energy. The lower one is ¢’ type and the upper one is ¢” type in the Dy, point
group symmetry which the layer possesses. Moving away from the I'" point the degeneracy is
removed and two orbitals, one of each pair, go through a minimum at the K point. Now tuming
our attention to the valence band, we find the same, a pair of doubly degenerate e’ (upper) and
e” (lower) orbitals (see insert). Through the Brillouin zone these look very much like a mirror
image of the pair of orbitals forming the conduction band but are less dispersed. The gap
between the two bands is ca. 0.5 eV.

Further exploration of the orbital vectors and the atoms associated with the valence and
conduction band orbitals revealed that mainly only four types of atoms, In3, 8, 10 and 11,
participate in them. The rest of the atoms have very small weight in these orbitals. In10 and 11
are the atoms that build the hexagons and the triangles outside the In,, fullerenes and are bonded
to them, the former to Inl and 3 and the latter to In8 and In9 (Figures 2, 3 and 4). These two
atoms have bonds in only relatively small sectors of the space around them (see Figure 3) and

this is a good indication that they have lone pairs of electrons pointing more or less away from
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the bonds’ main direction. Indeed, the conduction and valence band orbitals are combinations of
such lone pairs. The ones in the valence band are slightly more bonding combinations. Also,
the p, orbitals of the In8 atoms of the fullerene are in phase with the lone pairs on Inl11. The
conduction band orbitals are more antibonding in character within the triangles and the
hexagons, and the p, orbitals on In3 and 8 are also somewhat out of phase with the lone pairs on
In10 and 11. This situation, in which one and the same atomic orbitals form bonding and
antibonding orbitals, usually means that the most likely place for the Fermi level is between the
two combinations. We should mention here that the next two bands above the conduction band
around -4.5 eV are also combinations of lone pairs but almost purely on In10 and with an out-
of-phase contribution from In3. The bands below -6.0 and above -4.0 Ev are all skeletal
electrons.

Assuming that the position for the Fermi level of the indium layer is correct, the number
of electrons needed to fill the bands for the layer to this level becomes 304. Since each
repeating unit of the layer has 77 indium atom, the number of electrons provided is 77 x 3 =
231, or 304 - 231 = 73 short from the required. These 73 electrons will come from the same
number of sodium atoms. Since each formula unit has 96 sodium atoms, the remaining 23 will
evidently supply electrons to the two isolated indium clusters per formula unit. This in turn
means that the sum of the charges on the two clusters must be -23. Also, according to the
magnetic susceptibility results, neither cluster nor the network has unpaired and localized
electrons. The charge may seem too high, but we have already seen a charge of -10 on Ni-, Pd-
or Pt-centered closo-In,yZ clusters in K,4In;,Z which require 20 skeletal electrons for
bonding.14 The isolated clusters in the fullerenes are refined to consist of approximately 10
indium atoms each and are centered by the same elements but their configurations are not clear.

In case one (or both) of them is nido or even arachno derivative of 11 or 12 atom closo clusters,
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respectively, the charge will need to be even larger than -10 and a sum of the two of -23 is
plausible.

Since the position of the Fermi level is only estimated, we should explore the situations
if it might be lower or higher. Lowering it will lead to fewer needed electrons for the bonding
within the indium layers and accordingly fewer electrons from sodium atoms to balance the
deficit. This in tum will lead to more remaining sodium atoms to donate electrons to the
isolated clusters, meaning that the latter should have even higher charges, which is very unlikely.
Moving the Fermi level upward will lead to the opposite result, which is lower charges on the
isolated clusters or, in other words, fewer electrons available for In~In skeletal bonding within
them. One problem with this situation is that the atoms of the fullerenes will have to carry quite
high charges (may have to exceed -2 charge on some atoms). Another problem is that isolated
clusters presumably require particular minimum numbers of bonding electrons according to the
Wade-like rules for borane type deltahedra, although we have found hypoelectronic clusters, as
an example In117‘, which deviate from these principles.9 Furthermore, the clusters in the
fullerenes are encapsulated within them and could be considered as forced by the outside
environment of sodium deltahedron and indium fullerene to have the particular sizes and quasi-
commensurate shapes. If this is the case, there may be no need of electrons for the indium
bonding, although the In—In distances are well within the bonding ranges of distances found in
other indium clusters. This would be a case in which the positions of the indium atoms of the
clusters are solely determined by the mentioned above external factors and not in any degree by
the atoms of the clusters themselves. If this is so, lower charges are quite possible and
subsequently a higher energy Fermi level is conceivable.

At this point we should recall that only the indium atoms were included in the

extended—Hiickel band calculations since alkali metal atoms can not be handled reliably by this
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method. Also we should note that a sodium atom (Na7) is involved in completing the Mg,
fullerene (see Figure 4). It is "bonded" to In10 and Ini1 from the side where the lone pairs
(above) on these atoms point. If one would tum on the Na-In interactions, the most affected
bands would be the assumed valence and conduction bands as well as the one right above the
conduction band (around -4.5 eV) since they are combinations of mainly the lone pairs, as
mentioned. This most likely will lower their energies through mixing with the sodium atomic
orbitals and they may very well become all filled. This would open quite large gap below ca. -
3.3 eV. The effect of this for the electron counting will be exactly equivalent to raising the
Fermi level and will lead to high charges on the indium atoms of the layer and low charges on

the encapsulated clusters.
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Table 1. Data collection and refinement parameters for NaggIngg o1)Ni, and
Nagglngg 51yPd,
Formula Nagglnge g1yNi; Nagglngg 51yPd,
Formula weight 13462 13502
Crystal size, mm 0.1x0.1x0.3 0.1 x0.1 x0.2
Lattice parameters:®
a, A 15.969 (9) 15.963 (2)
c. A 47.39 (8) 4757 (1)
v, A3 10465 (23) 10497 (3)
Space group, Z P63/mme, 2 P63/mmc, 2
d(calc.), g cm 4.27 4.27
p(Mo—Kar), cm™! 106.76 105.82
Transmission range 0.771-1.000 0.706—0.782
Diffractometer CAD4 SIEMENS/RA
Radiation Mo—Ka (A = 0.71069 A) graphite-monochromated
Temperature, °C 23 23
Octants measured h ok, 1 +h, k, |
Scan method © ®
260x 50° 50°
Number of reflections:
measured 6291 19727
observed (I 2 30y 3225 7616
unique 1737 1896
Number of variables 229 231
R;R,Y % 4.5;52 3.2; 3.1
Ryyer % 4.0° 46
Goodness of fit indicator 1.50 1.10
Maximum shift/o in final cycle  0.05 0.04

Largest peaks in final AF map

Secondary ext. coeff.

+2.46 ¢/A3 (1.2 A from Nal)
-3.23 ¢/A3
6(1) x 107

+1.57 ¢/A3 (1.3 A from InA3)
-1.24 ¢/A3
11(1) x 10°

Room temperature Guinier data with Si as an intemnal standard (A = 1.540562 A).
b R = 2R, — IFIZIF}; Ry, = [IW(IF,) — IF)YEW(F )} w = op2.

¢ All data
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Table II. Positional and isotropic equivalent displacement parameters for NaggIn_g7Ni,.
Atom X y z Beq N Occup.  #at./clust
In(l) 0.54067(8) 1.0813 =0.13170(4) 1.4(1) 12k
Int2) 0.0637(1) 0.1275 1/4 1.6(2) 6h
In{3) 0.6445(1) 0.9756(1) -0.11507(3) 1,52(5) 241
Ini4) 0.12711(8) 0.2542 0.20015(4) 1.5(1) 12k
Inis5) 0.60180(8) 1,2036 -0.18408(4) 1.5(1) 12k
In(6) 0.80084(1) 0.9987(1) -0.14958(3) 1.56(4) 241
In{7) 0.22792(8) 0.4558 0.21841(4) 1.5(1) 12k
In(8) 0.77297(8) 1.5459 0.09284(4) 1.5(1) 12k
In(9) 173 2/3 ~0.08673(7) 1.4(1) L13
In(10) 0.4765(1) 1.1424(1) -0.07721(3) 1.56(5) 241
In{1l) 0.73155(8) 1.4631 0.03139¢(4) 1.8(1) 12k
Hi(A) 1/3 2/3 3/4 1.6(2) 2d
In(Al) 173 /3 -0.1923(3) 7.8(5) 4t 43(1)% 0.86(2)
In{All) 0.3881(8) 0.7761 -0.2036(3) 11(1}) 12k 27.8(8)% 1.67(5})
In{A2) 0.2318(3) 0.4636 -0.2394(3) 9.9(9 12k 45.5(6)% 2.7314)
In(A3) 0.442(1) 0.8354(6) -0.2198(2) 12.7(S) 241 36.3(5)% 4.36(6}
In(All) 0.438(2) 0.8763 -1/4 4(3) 6h 8{1)% 0.24(3)
Hi(B) 0 0 0 0.8(2) 2a
In(81) 0.0634(3) 0.1268 0.0438(1)  7.1(4) . 12k 54.6(8)% 3.284(5)
In(B11) 0.966(1) ° 1.9324 0.0511(4) 16(3) 12k 19.5(8)% 1.17(5)
In{B2) 1.0331(6) 1.1750(4) -0.0151(2) 14.4(5) 241 47.81{51% 5.7416)
Na (1} 0 0 0.1870¢(5) 3.2(6) 4e
Na(2) 0.5426(4) 1.0852 0.0708(2) 2.61(6) 12k
Ha(3) 173 2/3 0.11831{5) 2.9(7) 4t
Na(4) 0.6200(6) 1.0080(6) -0.1859{2) 3,0(3) 241
tia(S} 173 273 0.0437{%) 2.4(6) it
Ha(6) 0 0 -0.1156(4) 2.0(5) 4e
Ha(?) 0.5582(4) 1.1163 -0.0131(2) 2.3(6) 12k
Ha(8) 0.2104(4) 0.4208 0.1441(2) 2.0(6) 12k
Ha(9) 0.5459(7}) 1.0918 3/4 kIRY) 6h
Ha{10) 0.133015) 0.2661 -0.5888¢(3) 3.1(7) 12k
Na(1ll) 0.1902(5) 0.30804 ~0.5214(2) J.om 12k
Na(12) 0.1156(5) 0.2311 -0.2107(2) 2.747) 12k
Ha(13) 0.5855(4} 1.1710 0.1403(3) 2.5(6) 12k
Na(14) 173 2/3 1/4 1.6(7) 2¢
Ha(15) 0.338347) 0.0485(7) 0.0418{2) 4.1(4) 241
Ha(16) 0.309(1}) 0.015(1} 3/4 3.5(5) 12j
Ha(17) 0.1108(5} 0.2215 -0.0897({3) 3.4(7 12k

Ha{18) 0.2033(5) 0.4066 -0.1625(3) 3.8(8) 12k
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Table II1. Positional and isotropic equivalent displacement parameters for Naggln_o;Pd,.
Atom X y z Beq N Occup.  #at./clust
In(l) 0.54054(4) 1.0011 -0.13175(2) 1.68(6} 12k
In(2} 0.06338(6) 0.1268 1/4 1.6(1) 6h
Intd) 0.64433(5) 0.97550({S) -0.11497{2) 1.64(3) 241
In(4) 0.12700(4) 0.2540 0.20003{2) 1.62{5) 12k
In(S) 0.60195(4) 1.2039 -0.18394(3) 1.77(6) 12k
In(6) 0.80855(5) 0.99875(5) -0.14938(2} 1.62(2} 241
In(7) 0.22787(4) 0.4557 0.21847(2) 1.69(5) 12k
In(8) 0.77303(4) 1.5461 0.09273¢(2)  1.65(5) 12k
Int9) 1/3 273 -0.,08668(4) 1.44(5) 4t
In{10) 0.47669(6) 1.14256(6) -0.07734(2) 1.78(3) 241
In(1t) 0.7314014) 1.4628 0.03139(3) 1.95(6) 12k
PFA(A) 173 2/3 3/4 2.17(9) 2d
In(Al) 173 2/3 -0.1915(1}) 6.1(2} [14 45.3(8)% a.91(2}
In{all) 0.37991(6) 0.7597 -0.2007{2) 194(1) 12k 24.7(5)% 1.48(3)
IntA2) 0.2312(2) 0.462) ~0.,2357(1) 9.8(4) 12k 42.3{4)s 2.5412)
In{Al) 0.4504 (5} 0.8402(3) -0.2205(1) 13.6(3) 241 37.7(3)% 4.52(4)
rd(8) 0 0 0 0.90{7) 2a
Inisl} 0.0649(1) 0.1298 0.04384(8) 7.2{(2) 12k 55.2(5)% 3.31(3)
In(BI1)  0.9674(7)  1.9348 0.0519¢2)  19(2) 12k 19.615)%  1.18(3)
In{B2) 1.0219(4) 1.1719(3} -0.0171(1) 10.5(3) 241 32.7(3)% 3.92(4)
In{Bl) 0.0964()) 0.1928 -0.010113) 15(1) 12k 27.6(6)% 1.6644)
Ha(l) 0 0 0.1862(1) 2.7(3) de
ta{2) 0.5419(2) 1.0837 0.0710(2) 2.9(4) 12k
Ha{3) 173 2/3 0.1185(2) 2.1(3) 4t
Ha(4) 0.6231()) 1.0093(3) -0.1850(1) 3.3(2) 12k
Ha(sS) 173 271 0.0438(1) 4.2(5}) 4€
ta(6) 0 [} ~0.1160(3) 2.503) LL:]

Ha(7) 0,5588(3) 1.1176 -0.0132(2) 3.1(4) 12k
Ha(8) 0.2109(2) 0.4218 0.1443(1}) 2.6(4) 12k
Ha(9) 0.5463(4) 1.0927 374 2.816) 6h
Ha{10) 0.1346(3) 0.2692 -0.5896(2) 3. 1(4) 12k
Ha{ll) 0.1903(3) 0.3806 -0.5217(1} 3.3(4) 12k
Ha(12) 0.1161(3) 0.2321 -0.21054(1) 3.014) 12k
Haill) 0.58481)) 1.1696 0.139812) 3.0(4) 12k
Ha(14) 173 273 1/4 3.4(5) 2c
Ha(15) 0.3397(4) 0.0491(3) 0.04201(1) 4.2(2) 241
ta(16) 0.3096(5) 0.0148(5) 374 3.543) 123
Ha(17) 0.1110(3) 0.2220 -0.0893{1) 2.9(4) 12k
Ha(18) 0.2039()N 0.4077 -0.1630(2) 4,114} 12k




328

Table 1V. Anisotropic displacement parameters for Naggln_g7Ni,.
Atom Uy, Un Uy, Uy, Ui Uy
in{l} 0.0180(8) 0.02211) 0.016{1) 0.011 0.001 0.002(1)
int2) 0.030(3) 0.019(1) 0.016(1) 0.015 0 0
In(3) 0.0178(7) 0.0165(7) 0.0249(7) 0.0096(5) 0.0026(6) 0.0029(6)
In{4) 0.0235(9 0.01611) 0.016(1) 0.008 0.000 0.000(1)
In(s) 0.0179(8) 0.020{1) 0.019(1) 0.010 0.003 0.006(1)
In(6) 0,0200(6) 0.0186(6) 0.0218(7) 0.0305(5) 0.0045(7) 0.0021(7)
Ini?) 0.0230(9) 0.017(1) 0.017(1) 0.008 -0.000 -0.001(1)
In(8} 0.0150(8) 0.019(1) 0.024(1) 0,009 ~0.001 -0.001{1)
In{9) 0.017(1) 0.017 0.020(2) 0.008 0 0
Inl10) 0.0175(7) 0.0195(7) 0.0240(86) 0.0105¢5) ~0.001417) -0.0042{7)
In(11) 0.025(1) 0.016(1) 0.023(1) 0.008 0.002 0.005(1)
Ni(A) 0.028(4) 0.028 0.005(4) 0.014 0 0
In{Al) 0.14¢(1}) 0.14 0.022(M 0.069 0 1]
In{All) 0.119(9) 0.23(2) 0.10(1) 0.12 -0.071(5) -0.141
In(A2) 0.109(6) 0.030(4) 0.21(2) 0.02 0.012()) 0.023
In(Ad) 0.14(1}) 0.10616) 0.14417) ~0.00718) -0,0151(8) -0.089(5)
In{A31) 0.01(2) ©0.03(3) 0.13(6} 0.02 0 0
Ni (B} 0.010(3) 0.010 0.012(4) 0.005 0 0
In(Bl) 0.117(S) 0.07615) 0.061(4) 0.038 -0,025(2) -0.051
In(B11) 0.29{4) 0.23(4) 0.06(1) 0.12 ) 0.038(8) 0.076
In(B2) 0.244(7) 0.069(3) 0.261(1) 0,096(3) 0.065(6) 0.087{4)
Ha(l) 0.05{1}) 0.05 0.02(1) 0.0} (] 0
Ha{2) 0.036(6) 0.029(8) 0.031(7) 0.015 0.004 0.009(6)
Ha {3} 0.026(8) 0.026 0.06(2) 0.01 0 0
Na{d) 0.048(5) 0.040(4) 0.034(4) 0.029{4) 0.020(4) 0.013(4)
Ha(5) 0.022(7) 0,022 0.041(1) 0.01 0 0
Ha(6) 0.023(7) 0.023 0.03{1) 0.01 0 o
Ha (7} 0.037(5) 0.024(7) 0.02216) 0,012 0.003 0.006(6)
Ha(8) 0.023(S) 0.,020(7) 0.033(6) 0.010 -0.009 -0.017{5})
Nal(9) 0.07(2) 0.03(1) 0.03(1) 0.04 0 0
Hall0) 0.037(6) 0.030(8) 0.048(8) 0.015 ~-0.006 -0.012t7
Ha(11) 0.039(6) 0.06(1) 0.024(6) 0.029 0.005(3) 0.011
Ha(12) 0,031(5} 0.051{1) 0.028(6) 0,026 -0.001 ~0,002(6)
Na(l3) 0.028(5) 0.031(8) 0.037(7) 0.016 0.00S 0.011(6)
Ha(l4) 0.03(1}) 0.03 0.01(1) 0.01 0 ]
Ha(l5) 0.077(7) 0.043(5) 0.035(5) 0.030(5) 0.016(S) 0.010(4)
Ha(16) 0.035(7) 0.054(8) 0.032(6) 0.013(6} 0 0
Ha(1l7) 0.038(6) 0.045(9) 0.048(7) 0.022 -0.016 -0.032(7)

Na(18) 0.037(6) 0.05(1) 0.064(9) 0.023 -0.004 -0.008(8)
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Table V, Anisotropic displacement parameters for Naggin_g,Pd,.

Atom Uy Un Us Upa Uis Uz
In(l) 0.0203(4) 0.0260(7) 0.0194(6) 0.0130 0.0016 0.0031(6)
In(2) 0.028(1}) 0.0190(8) 0.0146(8) 0.0142 0 0

In(3) 0.0201(3) 0.0189(3) 0.0250(4) 0.0109(2) 0.0035(4) 0.0030(4)
Intd) 0.0259(5) 0.0188(6) 0.0145(6) 0.0094 -0.0008 -0.0015(5)
In(5) 0.0212(4) 0.0229(7) 0.0238(6) 0.0115 0.0021 0.0042(6)
In(6) 0.0217(3) 0.0188(3) 0.0216(4) 0.0107(3) 0.0046(4) 0.0020(4)
n(7) 0.02771(5) 0.0170(6) 0.01601(6) 0,0085 -0.0000 -0.,0001(6)
In(e) 0.0186(4) 0.0194(6) 0.02471(6) 0.0097 -0.0016 -0.0032(6)
In(9) 0.0177(6) 0.0177 0.019(1) 0.009 0 (]

In(10) 0.0207(4) 0.0220(4) 0.0258(4) 0.0113¢(3) -0.0017(4) =-0.0041(4)
(11} 0.027345) 0.0225(7) 0.022616) 0.0112 0.0010 0.00191(6)
Pd(A) 0.034(1) 0.034 0.014(2) 0.017 0 0

In{Al) 0.107(4) 0.107 0.017(3) 0.054 0 0

In(A11) 0.189(6) 0.481(2) 0.1601(7) 0.241 ~0.132(4) -0.264
IntA2) 0.113(4) 0.036(3) 0.196(8) 0.018 0.015(2) 0.030
In(Ad) 0.166(8) 0.097(3) 0.140(4) -0.019(4) -0.011(4) -0.075(3)
Pd{B) 0.0137(9) - 0.0137 0.007(1) 0.007 Y 0

In(8l) 0.117(3) 0.078(3) 0.066(2) 0.039 -0.029(1) -0.058
In(811) 0.36(2) 0.28(2) 0.04116) 0.139 0.045(4) 0.097
In(B2) 0.123(3) 0.058(2) 0,237(7) 0.059(2) 0.018(4) 0.075(3)
In(B3) 0.27(2) 0.014(4) 0.21(1) 0,01 0.008(3) 0.016
Ha(l) 0.031(4) 0.031 0.039(7) 0.016 0 0

Na(2) 0.036(3) 0.021(4) 0.0481(5) 0.011 -0.001 -0.002(4)
Na(3) 0.034(4) 0.034 0.013(6) 0.017 0 Y

Na(4) 0.058(3) 0.050(2) 0.033(3) 0.039(2) 0.009(3) 0.005(2)
Mats) 0.038(5) 0.038 0.08(1) 0.02 0 0

Ha(6) 0.024(4) 0.024 0.046(8) 0.012 0 0

ua(7) 0.042(3) 0.041(S) 0.036(4) 0.020 0.001 0.003(4)
Na(8) 0.030(3) 0.028(4) 0.042(4) 0.014 0.001 0.002(3)
Na(9) 0.013(7) 0.050(7) 0.031(6) 0.006 0 0

Ha(10) 0.036(3) 0.032¢4) 0.049(5) 0.016 -0.011 -0,02214)
Ma(11) 0,044(3) 0.050(S) 0.035(4) 0.025 -0.004(2) ~0.008
Na(12) 0.041(3) 0.050(5) 0.025(4) 0,025 0.001 0.001(4)
Ha(13) 0.030(3) 0.0308(4) 0.050(5) 0.019 0.001 0.002(4)
Ha(14) 0.049(7) 0.049 0.03(1) 0.02 0 0

Na(15) 0.071(4) 0.035(3) 0.041(3) 0.019(2) 0.010(3) 0.002(3)
Ha(16) 0.029(3) 0.059(5) 0.034(4) 0.014(3) 0 0

Ha(17) 0.033(3) 0.040(4) 0.040(4) 0,020 -0.005 -0.010(4)

Ha(18) 0.042(3) 0.054(5) 0,061(S) 0.027 ~0.012 ~0.024(4)
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Table VI. Distances to ncarest neighbors (dy, j, S 4.0 A, d, N, S 4.5 A) about each In, Ni
and Pd atoms in Naggln_g,Z,, Z = Ni, Pd.

Nﬂ96h197pdz Nﬂ96|||97Niz N:\96|n97Pd2 Nﬂqs‘“g"Niz qu6ln9-,sz NBgdﬂg-,Niz
nl In$ n9
2 In3  3.003(1) 3.003(3) Int  3.007(2) 3.004(5) 3 I8 29351 2.935(3)
InS  3.007(2) 3.004(5) 2 IS 3.099Q2) 3.108(4) 3 Iall AIBKQ2) 3.178(5)
2 Int0 3.115(1) 3.109(4) 2 In?7 303K 3.0233)
3 Na2 3530(7) 35H(1)
Nea2  2.679(7) 3.69(1) Na3  3.53929) 3.60(2) 3 Nal3 3.391(8) 3.39(1)
Naj  3.544(2) 3.543(%) 2 Nad  3.28%95) 3.28(9)
2 Nad  3313(9) 3.3269) 2 Na8 3.487(6) 3.50(1) inl0
2 Na8  3.489(3) 3.493(6) Na9  3.499(5) 3.49(1)
Nal3 3.486(7) 5K Nal4 3.61&1) 3.603(5) Inl  A.115(1) 3.109(4)
In3  3.085(1) 3.085(3)
in2 in6 in10  3.020(2) 3.023(4)
n10  3.058(2) 3.063(4)
2 In2 3.035(3) 3.054(6) In3  2.952(1) 2.949(3)
2 Ind  2957Q2) 2.942(4) Int  2.99K(1) 2.983(4) Na2  3.487(6) 3.50¢8)
In6  3.01&2) 3.018(3) Na3  3.615(6) 3.61(1)
2 Nal  3.50(1) 3.A47(2) 6  3.076(2) 3.082(3) Na$  3.433(8) 3.43(1)
4 Nsi2 3.359(6) 3.341) Nal  3.424(7) 34
2 Nal6 3.373(8) 331N Nal  3.515(7) 3.53(1) Na8  3.615(7) 3.60(1)
. Nad  3.488(S) 3.533(9) Nal0 3.302(6) 3.33(1)
In} Na6  3.435(6) 3.45(1) * Nall 3.3M(7) 3.3391)
Nag  3.56((6) 3.55(1) NalS 3.453(6) 3.45(1)
Inl  3.003(1) 3.003(3) Nal0 3.414(6) 3.43(0)
6 2952(1) 2.949(3) Nat2 2.3216) 13K Init
I8 29931 2.995(2) Nal7 3.258(6) 3.24(1)
Inl0  3.085(1) 3,085(3) Nal8 3.401(7) 3391 In8  3.13%(2) 3.129(%)
, In9  3.181(2) 3.178(5)
Na2  3.360(5) 3.371(8) In7 2 Inlt 3.100(2) 3.109(4)
Nad  2.419(5) 345
Ne8  3.567(4) 3.554(6) Ind  2.924(2) 2.920(3) 2 N2 3.534(6) 3.51(1)
Nat0o 3.377(3) 3.400¢6) 2 InS  3.03KY) 3.023(3) NaS  4,00(1) 3.98(2)
Nal3d 3.415(5) 31.43%9) In7  3.000(2) 2.994(6) 2 Na7 33540 3.36(1)
NalS 3.516(6) 3.52(1) Nall 3.325(7) 3.31(0)
Nal7 3,300($) 3.30(8) 2 Nad  1474(5) 3.474(8) 2 Nal5 3.380(5) 3.39(4)
Nal8 3.424(6) 3.40(1) Na8  3.559(7) 3.55(1)
2 Na9 31.481(6) 3.49(1) 'd(A) N{A)
Ind Nald 3.27%1) 3.278(3)
2 Nal6 3.365(6) 3.371) 2 InAb 2.781(7) 2,73(1)
In2  2.957(2) 2.942(4) 6 InAll 2.673(9) 2.67(1)
2 In6  2991(1) 2.983(4) In8 6 nA2 2.905(4) 2.853(1)
N7 29242) 2.920(3) 12 InA3 2.822(4) 2.766(7)
2 In3  2.99)1) 2.995(2) 3 1Al -eeeee ve 2.90(5)
Nat  3.572(3) 1.575) n?  2.955(1) 2.955(3)
2 Nad  3.530(5) 3.563(8) Inll 3.137(2) 3.129(5) rd(D) NI(D)
NaB8  3.52%(7) 3.52(1)
2 Nal2 3.40703) 3.404(6) 2 Na2 3.387%(5) 3.379(8) 6 Ini8} 2.75103) 2.716(6)
2 Nal6 1.352(6) 3.34(8) 2 Nal3d 3.482(S) 3.484(9) 6 Inlitl 2.63(1) 2.59(2)
1 Nats 3.468(5) 3.48(1) 12 1nB2  2.711(4) 2.669(6)
Nal?7 3.217) 3.22(1) 6 InB3 2.708(8) cosereve

Nat8 1.402(8) 1.36(2)
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Table VI. (continued)

Nagglng;Pd; - Nagglng,Niy Nagglng;Pdy  Nagglng,Nia Nagglng;Pd, - Nagglng;Niy
InAl InA3 InBl1
3 InAll 1.36(2) 1.61(2) InAl  2.808(6) 2.7%(1) Inbt  2.72(2) 2.7103)
6 InA3 2.803(6) 2.70(1) InAlS 1.53(2) 1.19Q2) 2 InBl 1.601(4) 1.55%8)
InAlL 3.25(1) 3.322) 2 bl 1.5603) 1.62(5)
Z(A) 2.78K(D) 2.73(1) InA2  2.314(8) 2.44(2) 2 W2 244Q2) 2.4200)
InA2 3.028(8) 297(2) 2 InB2 3.285(9) 3.35Q2)
3 Nsl3 2.45(9) 1.33(2) InA2  3.175(8) 3.01Q) InB3  2.66(2)
3 Nal$ 3.829(9) 3.86(2) InA3 097(2) 077(3)
InA3 2.81(1) 2.87(2) Z(b) 2.63(1) 2.59(2)
InAtt A3 29701) 2.97(2)
INA3] seemeee 1.59(2) Ns6  3.18(2) 3.2003)
InAl  1.36(2) 1.61(2) 2 Nalo 3.811(9) 3.76(2)
2 InAll 223Q0) 2.62(4) ZA) 2.822(4%) 2.766T) 2 Nal$ 4.28Q2) 423(3)
2 InA2 296)(8) 29%(1) Nal? 281Q2) 2.81(3)
2 InAY 1.53Q2) 1.192) Nad  3.208(7) 3.23(1) 2 Nai7 4.02(1) 4.06(3)
2 InA} 225(1) 1.32(2) Nad  3.7348) 3.642)
Na9  3.79(1) 3.84(2) InB2
Z(A) 2.673(9) 2.61(1) Nal13 3.872(9) 1.79(2)
Nal6 2.87(1) 3.99(2) InD1  2.022(6) 2.151(9)
2 Nad  4.00(1) 3.80(2) Nals 3.83(1) 3.89(2) InB1 3.128(7) 3.00(1)
Nal3 .06(1) 1.09(2) InB1 3.231(6) 3.151(9)
2 Nald 4.26(2) 4.44(2) InA31 InBI1 2.44(2) 2.42(3)
2 Nal8 3.618(9) 1.69(2) InD1 3.285(9) 3.352)
2 2.60(3) b2 1.73(1) 1.702)
InA2 4 2.90(3) D2 2,04(1) 1.742)
4 1.592) 2 Inb2 30857 2.943(9)
2 InAll 2.961(8) 291(1) InD2  3.094(9) 3.32(0)
InA2  1.36(1) 1.00(2) Z(A) -eeeeme 2.90(5) B3 LA o
2 InA3 2.314() 2.45) InB3  2.102(9) R
2 InA3 3.028(8) 29%(2) q 4.00(3)
2 InA3 2.1758) 301) 2.98(6) ) 2.7114) 2.66%6)
PRRTY.N | p— 29K3) 1 3.69(3)
Nal0o 4.02(1) 4.23(2)
Z(A) 2.905(4) 2.853(7) InDt Natl 3.551(9) 3.44(1)
Nall 3.5739) 3171Q2)
2 Nad  4.145(6) 4.21(1) 2 bt 3.108(7) 3.04(1) Nals 2.759(7) 2.80(1)
Nal2 3.402(8) 3.49(1) InD i1 2.72(2) 2.71(3) Nal$ 3.864(9) 8K
Nal2 4.085(9) 1.99(2) 2 InBI 1.601(4) 1.559(8) NalS 3.935(8) 3.84(1)
2 Nal6 2.540(8) 3.52(1) 2 Inb2 2.022(6) 2.157(9) Nal? 3.65(1) 3.70{2)
Nals 3.54(1) 3.73(2) 2 D2 3.128(7) 3.00(1)
2 InH2 3.231(6) 3.151(9) Inlid

Inbi3  2.7K(1)
2 InB3 2.85(1)

bl 2.711) croeme
2 DI 2.85(1) -
) 27513 2.71646) InBHL 2.66(2) —
2 b2 1127 S

Na6  3.87(1) 3.83(2) 2 1nD2 2,10X(9) -
NalD 2.906(8) 2871 2 13 283()) e
Nall 3.624(9) 3.66(2)
2 Nal$S 13.818(6) 1.32(1) Z(B) 2.708(8)
2 Nal? 343K 3.44(8)

Nall 3.00(1) eeeeee
2 NalS 2.18(1) ereveee
2 NalS 420(1)  -eeoeee
Nal? 3.79(2) naseees
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Table VII.  Distances to ncarest neighbors (dy, 1, S 4.0 A, djpng S 4.5 A) about each sodium
atom in Naggln_g7Z,, Z = Ni, Pd.

Nn%lnwf'dz Nn%ln,-,Niz Nﬂgblll97pdz Nﬂgdﬂg]Niz Nﬂgs‘"g-,sz N%6]||97Niz
. ~T
Nal Nad Na?
3 In2  3.50(1) 3.47(2) Int  3.313(5) 3.3269) 2 Inl0 3.424(7) 341()
3 ind 35TUY) 1.57(S) in3  3.419(5) 3.45(0) 2 Inl) 3.354(7) 3.36{(1)
6 In6  3.5157) 3.53(1) Ind  3.53K5) 3.561(8)
Ins  3.28%5) 3.280(9) Na2  3.92(1) 391(2)
Na6  3.34(2) 3.39(3) In6  3.488(5) 31.533%9) Ns2  4.03(1) 4.00(2)
3 Nal2 3.4099) 3.39¢1) In1  3474(%) 3.474(8) Na§ 3321 1.33Q2)
Na7  3.48(1) 3.45Q2)
Nal InAll 4.00(1) 3.80(2) 2 Nall 3.592(6) 3.60(1)
InA2 4,145(6) 4.21(1) 2 Nal$ 3.988(8) 3.98(1)
Inl  3.67%7) 1.69(1) InAl 3.207) 3230 2 Nats 4.061(8) 4.06(1)
2 In3  1.360(S$) 3.37K(8) InA3  3.7348) 3.64(2)
2 In8  3,38%(S) 3.379(8) InA31 ceeeene 4.00(3) Na8
9  1.530x7) 351
2 Inl0 3.487(6) 15001 Nad  2.78(1) 1.71Q2) 2 Il 3.489(3) 3.493(6)
2 Inll  3.5)4(6) su) Nag  1.55(6) 3.60(1) 2 Ind}  3.567(4) 3.554(6)
Na9  3.803(6) 3.241) Ind  3.522(7) 3.52(1)
Nal  3.92(1) 3191Q2) Naiz2 31.92%7) 3951y 2 InS  3.43%6) 3.50(1)
Na7  4.0)I) 4.00¢2) Nsl3 3.784(8) .0 2 In6  3.560(6) 3.55(1)
Nal3 3.48(1) 1.50(2) Nal6 3.342(6) 331 In?7  3.559(7) 3.55(1)
2 Nal 3.293(7) 3.31(0) Nal8 3.353(6) 313N 2 Inl0 1.6157) 3.60(1)
Na) Na$ Ni3  3.601(7) 3.64(1)
2 Nad  1.550(6) 3.60(1)
3 Inl 33442) 15439 6 inf0 3.433(8) 3.43(1H Nal0 3.35(1) 3.38(2)
3 InS  3.5929) 1.60(2) 3 lall 4.0K1) 3.98(2)
6 Inl0 1.615(6) 3.61(1) Na9
Na3  1.55(2) 1.54(3)
Na$  3.55() 3.54() 3 Nal 33D 3.33(2) 2 IS 3.499(5) 3.49(1)
3 Na8 2.601(7) 171Q2) 3 Nall 40929 4.10Q2) 4 a7 3481(6) 3.4900)
Na6 4 InA3 3.79(1) 31.84(2)
f0AdL covenee 2.98(6)
6 In6  3.435(6) 3.45(1)
4 Nad 3.803(6) 3.74)
3 Iall 3.87()) 3.83(2) Nald4 33391) 3.34(2)
3 Ialidt 3.18(2) 3.2003) 2 Nal6 3.337(8) 3.34(1)
Nsl  3.34(2) 3.39(3)
3 Nal0 3.929(8) 3.39(1)

3 Nal?7 33229 3.30(1)
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Nn%landz Nn%anNiz

Na%lng-,sz Nngsll'g-’Niz

Nagglng)Pd;  Nagglng,Niy

~

Nal0

ny 33N0)
6 3.414(6)
In10 3.302(6)

1Bl 2.906(8)
Inli11 3.811(9)
B2 4.12(1)

Na6  3.929(8)
NaB 33D
Nall 3.58(1)
NalS 3.852(7)
Nal? 3.442(5)

Nall

Il 33347
Il 3.325(7)

Il 3.624(9)
Inb2 3.551(9)
inB2 3.573(%)
1nD3  3.00(1)

Na§  4.092(9)
Na7  3.592(6)
Nal5 13.481(6)
Nals 3.634(3)

Nall

2 3.359(6)
Ind  3407(3)
6 3.321(6)

InA2  3.402(8)
1nA2  4.085(9)

Nal  2.409(9)
Nad  3.929%(D)
Nal2 1.76(1)
Nal6 3.31&7)
Nai8 3.32(1)

3.400¢6)
143(1)
333(1)

2.87(1)
3.76(2)
423Q)

2.89(1)
3.38(2)
1.56(2)
3.82(1)
3.41(1)

3.3%N
m

3.66(2)
3.441)
NQR)

4.10{2)
3.60(1)
3.47(0)
361N

334N
3.404(6)
3311

349
3.99(2)

3.39(1)
395()
3.73(2)
3310
3.332)

Nald

Inl
In3
In8
in9

InAl
InAll
InAlL
InAd

Na2
Nad
Nald
Nai8

Nald

InS
n?

Na9

Nals

1n3
In8
Inl0
Tnd)

InBI
1nlish
Inbi2
InB2
inB2
inb3
InD3

Na2
Na?
Na?
Nal0
Nall
Natd
Nal3
Nals
Nat?7

1.486(7)
1415¢5)
3.482(5)
3.391(8)

3.345(9)
3.06(1)
4.26(2)
3.87209)

3.48(1)
3.784(8)
3.9201)
3.325(7)

J616(1)
3.279()

3331

2.516(6)
3.468(5)
3.453(6)
3.380(5)

1.818(6)
4282
2.759(7)
3.864(9)
3.935(8)
3.18(1)
420(1)

3.293(7)
3.988(8)
4.061(8)
38347
3.481(6)
3.6348)
3.85(1)

4.22(1)

3.380(8)

3.51(1)
1.435(9)
3.484(9)
3.39(1)

3.3(2)
1.09(2)
444Q2)
2.79(2)

3.50¢0)
711
3.89(2)
3323)

3.603(S)
3.278(3)

134D

3.5201)
348(1)
3.45(1)
3.391)

38D
42309)
2.80(1)
3.8K1)

331D
3.98(1)
4.06(1)
2.82(1)
3.47(1)
3.6)()
1.85(2)
4.1807)
3.39(1)

Naié

In2
Ind
In7

InA2
InA3
InA3t

Nad
Na9
Nal2
Nal6

Nal?

In3
Iné
in8

InD1
InBil
InB3it
InB2
Ind3

NalO
Nal$
Nal8

Nal8

In3
in6
In8

inAl
InAll
InA2
InA3

Nad

Nal2
Nal3
Nal?

3,373(8)
3.35(6)
3.365(6)

3.540(8)
3.87(1)

3.342(6)
3.337(8)
131K7)
447Q2)

3,300(5)
1.258(6)
3.210(7)

3437
281Q2)
4.0(1)
3.65(1)
3.792)

3.442(5)
3.380(8)
4.34(1)

3.424(6)
341D
3.402(8)

3.829(9)
3.618(9)
3.54(1)
3.83(1)

3.353(6)
3.32(1)
3.325(0)
4.34(1)

33%(1)
334
331(1)

3.52(1)
3.99(2)
3.69(3)

3K
3.34(1)
3.31(1)
4.48(3)

3.30(1)
.24
a221)

344(1)
2.8103)
4.06(3)
1.70Q2)

esesene

34K
3.39(1)
4.29Q2)

3.40(1)
3,39(1)
3,362)

3.86Q2)
3.69(2)
113Q)
3.89(2)

137(1)
339Q)
2.32(1)
4292)




Figure 1.
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A general view of the unit cell of Naggln_gyZ,, Z = Ni, Pd, Pt with all In-In
bonds less than 4.00 A drawn. The contents of only one sphere and only one
cluster between the layers are shown. The indium atoms from the network are
shown as open circles, the ones from the isolated interstitial clusters as crossed
circles, and the sodium atoms as shaded ellipsoids. The Z atoms arc at the
centers of the isolated clusters. All atoms are drawn with real thermal ellipsoids
at 20% probability level.
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Figure 2. A view of the Iny, fullerene (D5y). The equatorial plane (at the waist) contains
six pentagons (In2, 4, 7) shared with six other In4, fullerenes, and three
hexagons. The three-fold axis (¢ axis) is vertical and goes through the poles
which are In9.




Figure 3,
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An enlarged section of the unit cell of Naygln_g7Z, (near 1/3, 2/3, 1/2) where
three spheres from one layer are in contact (along the striped pentagons of In2,
4, 7, Fig. 2) and a part of a sphere from the layer above. The intersphere bonds
(In5-In5 and In6-Iné6, Fig. 2) are drawn as thicker lines, and the inserted
hexagons of In10 and the added triangles of Inl1 (see text) are shown with open
lines,



337

Figure 4. A view of the Mg, (Dyy) fullerene of 48 indium and 12 sodium atoms. The six
edges at the waist (open bonds) are shared with six other Mg, cages. The six
pentagons near the top and the bottom are shared with six In,, fullerenes. The
three-fold axis (c axis) goes through the top and bottom hexagons.




Figure 5.

a) A view of the unit cell with all indium atoms and Na7 shown. The close packed layers of Mg, (C level) are at z
=0, 1/2, 1 and those of In,, (A and B levels) are at z = 1/4, 3/4. b) Only the sodium atoms (except Na7) are
shown. The sodium deltahedra inside Mg, and In,, are connected to each other through the fullerenes’ faces (the
ex0 bonds around each deltahedron).'

8ee
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Figure 6.

A view of the In,, fullerene (open circles) together with all nearest sodium
atoms interconnected (shaded circles). All pentagonal and hexagonal faces of the
fullerene are capped from in and outside by sodium atoms. The sodium atoms
inside form a 39 atom deltahedron (open lines).




340

Figure 7. A view of the Mg (InygNa,,) fullerene together with all nearest sodium atoms
interconnected (shaded circles). All pentagonal and hexagonal faces of the
fullerene are capped from in and outside by sodium atoms. The sodium atoms
inside form a 32 atom deltahedron (open lines).
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Figure 8. A plot (8.5 x 8.5 A) of the electron density around PdB (D, symmetry position)

calculated from F,p,,. The plane is defined by InB2, InB3 and PdB (Fig. 10).
The refined atoms at the electron density maxima are shown. The maximum
between the two InB3 atoms is the remaining electron density from two other
InB2 atoms above and below the plane. The "gaps” in the circle are directly
under a "five-bonded" sodium atoms positioned outside the cluster (see text).
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Figure 10. A 50% probability thermal ellipsoids drawing of the isolated clusters centered by
a) NiA, b) NiB, c¢) PdA, and d) PdB inside the fullerenes. The positioning of the
indium atoms around the central atoms can be seen.




Figure 11.

Nearly tangential (left) and radial (right) two dimensional plots of the electron density distribution (calculated from
F,,) around the InA3 positions of the cluster around PdA. The two quite broad maxima can be seen.

122
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Figure 12. The positioning of the sodium atoms (shaded ellipsoids) around the isolated clusters (crossed ellipsoids) inside Inq,
(left) and Mg (right) in Naggln_g;Pd,. All "five-bonded” (open bonds) sodium atoms are right above "openings” in
the electron density on the surface of the clusters. (94% thermal ellipsoids)

Sht



Figure 13. All of the "five-bonded” sodium atoms (shaded ellipsoids) around the NiA (left) and NiB (right) centered clusters are
radially above islands of nearly zero electron density on the indium cluster (crossed ellipsoids). Open lines drawn
between the central atoms and the sodium atoms intersect those islands.

opt
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Figure 14. Plots of the molar magnetic susceptibilities of NaggIn,_g;Z,, Z = Ni, Pd, Pt, corrected for ion core and Larmor
precession on cluster orbitals diamagnetism (see text). All compounds show quite strong diamagnetism.
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Figure 15. Plots of the DOS (left) and the total COOP curve (right) distributions for an indium layer of the structure of

NaggIn_g7Ni; (0.2 eV was used for Gaussian smoothing) ORIy the indium atoms were included in the extended-Hiickel band
calculations. The Fermi level is shown as broken line.
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Figure 16.
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Portions of the density of states (left) near Fermi level (broken line) and the energy band diagram (right). A factor

of 0.05 eV was used for Gaussian smoothing.
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Figure 17. A magnified portion of the energy band diagram near Fermi level (broken linc)

with the valence band magnified even further in the insert. Notice in the insert
that the valence band is a pair of doubly degenerate orbitals at T,
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SYNTHESIS, CHARACTERIZATION AND BONDING OF INDIUM
FULLERENES: LAYERS OF FUSED In,, ANDd In;g CAGES WITH

ENCAPSULATED INDIUM CLUSTERS
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ABSTRACT

Temary compounds Na_;,,In_,g7Z, with Z=Ni, Pd or Pt are obtained by slow cooling of
the appropriate fused mixtures of the elements in welded Ta. They occur in the orthorhombic
space group Pmmn, Z = 2 with a = 15,988 (5), b = 26.102 (7), and c = 47.59 (6) A and R, Ry =
6.0, 6.7% for Z = Ni. The structure contains puckered double layers built of fullerene-type
spheres of 70 and 78 indium atoms. Each of the spheres shares six of the twelve pentagonal
faces with six other spheres, two of the same type and four of the other type. The layers are
separated by sodium cations and naked Z-centered In_;, clusters (Z = Ni, Pd, Pt). The latter are
nested in Mg, spheres built of 48 indium and 12 sodium atoms that have the geometry of the
Cqp fullerene (C,, symmetry, reduced from the ideal I,). The Mg, cages share six of their
pentagonal faces with two Iny, cages (C,, symmetry, reduced from the ideal Ds;) and four Inqg
cages (C,, symmetry, reduced from the ideal D,;). The spheres of In, are centered by another
type of isolated Z-centered In_,q clusters, and the spheres of In,q are centered by ca. 14-atom
indium clusters that are 2-bonded to the surface of the spheres and contain central Na atom. All
three spheres, Inq,, In;g and Mg, have deltahedra of sodium cations on the inside surfaces that
screen the encapsulated clusters from the spheres. Two of the pentagonal faces in In,g are parts
of icosahedra such that two indium atoms (through which the encapsulated cluster is connected
to the surface) cap those faces from inside, while the rest of each icosahedron is outside the
cage. Except those two faces, all faces in all three spheres are capped by sodium atoms from
inside and outside.

The encapsulated clusters have nearly spherical geometry with nearly continuous
distribution of the electron density on the surface partially restricted by interior for the fullerenes
sodium atoms. This distribution was approximated by refining many partially occupied and

closely positioned indium atoms on their surfaces.
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No properties have been measured since the compounds have not been synthesized in
100% yield. Also, the electronic structure of the compounds has not been studied since the
number of atoms in the unit cell exceeds the maximum that the available programs for

calculations could handle.
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INTRODUCTION

Since the breakthrough in the synthesis of large quantities of carbon fullerenes! a myriad
of scientists have focused their efforts on experimental and theoretical studies on them. A
considerable amount of work has been done on different sizes of molecules of this new form of
carbon and their derivatives obtained by substitution, addition, intercalation and insertion.> The
structural characterization of the fullerenes has been quite difficult owing to the rotation of the
molecules even in solid state, and so far this has relied mainly on NMR results. Only products
from addition reactions where a large organic moiety is attached to the fullerene cage and stops
the spinning have been fully characterized structurally on atomic level by X-ray diffraction.>*
The relatively smaller fullerenes up to 76 atoms have only one isomer according to the isolated-
pentagon rule (each pentagon is surrounded only by hexagons) and their geometries have been
very easy to predict.s'9 Unlike them, the larger fullerenes have many possible isomers, and their
theoretical prediction and experimental confirmation are still an open challenge.

Another part of the research has been directed toward synthesis of fullerenes with
encapsulated metal atoms, and recently the metallofullerenes M@Cg, (M = La, Y, Sc) and
Sc;@Cg, have been identified by mass spectrometry and electron paramagnetic resonance. %13
The scandium atoms in the latter are thought to form a triangular cluster inside the 82-atom
cage. Fullerenes of Cgj and C, intercalated by alkali metal have shown superconductivity.'® In
these compounds, the carbon cages carry negative charges of up to -6, or in other words, 6 more
electrons in cluster orbitals than needed for skeletal bonding within the cages.

This article reports on compounds containing Buckminster Fuller-type cages of indium

atoms only., Moreover, the cages contain smaller sodium cages which, in tum, contain indium

clusters.
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EXPERIMENTAL SECTION
Synthesis.

All materials were handled in a N,-filled glovebox with a typical H,O level of less than
0.1 ppm vol. The surfaces of the indium (Cerac, 99.999%) and sodium (Alpha, 99.9+%, sealed
under Ar) were cut clean with a scalpel before use. Nickel sheet (Matheson Coleman & Bell,
reagent), palladium wire (Johnson Matthey, 99.995%) and platinum sheet (Government issue,
reagent) were used as received. All reactions were carried out in welded tantalum tubes jacketed
in sealed silica containers. The techniques are described elsewhere.!?

Initially phase II, Na_,;,In_,9;Z,, was identified by the specific bar-like shape of the
crystals in the product from a reaction loaded with compositions Na,qIn;Ni and heated at
600°C. After its structure was partially refined and the approximate composition determined,
samples with atomic ratio of Na : In : Ni, Pd or Pt = 174 : 194 : 2 were prepared. The mixtures
were melted at 700°C for one day (the highest melting point in the Na~In system is about
440°C) and then slowly cooled to room temperature at 5° per hour. Compound II forms bar-like
crystals with Z = Ni and needle-like crystals with Z = Pd or Pt. The crystals are with dark gray
color but metallic luster. The crystals of the Ni derivative of II can be distinguished easily from
the bar-like crystals of I, Nag¢In_o;Z,, by the direction of the striations that can be seen on the
faces of the crystals with a conventional optical microscope. In the latter, these run
perpendicular to the bar direction (the ¢ axis of the hexagonal unit cell a = 15.969 (9), ¢ = 47.39
(8) A), normal to the layers of fused In,,, while in II the striations are parallel to the bar length,
which lies along the shortest axis, and are perhaps normal to the longest axis (c) and parallel to
the layers of In,q and Inqg. The needle-like crystals of the Pd and Pt derivatives of II are also
very easily distinguishable from the bar-like crystals of I. Unfortunately, the reactions loaded

close to the stoichiometry of IT did not provide high yield of the phase. Probably the
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compounds are incongruently melting and slow cooling leads to formation of other phases as
well. Quenching and subsequent annealing at proper temperature could provide better yields.
Another difficulty encountered with the characterization of II was that their lines on the X-ray
powder pattemns could not be identified in the presence of I since two of the lattice parameters of
the two phases are very close to each other and many of the diffraction lines overlap.

Moreover, phase II has its strongest line at an extremely low 20 angle which is buried in the
high film background in this region. The rest of the lines are so weak (the next strongest one is
about 15 on a 0—100 scale) and so close to each other that they can be hardly identified in the
presence of other phases and that is why the phase identification was done by visual inspection
of the morphology of the samples.

Powder patterns were obtained from ground samples that were mounted between pieces
of cellophane tape. An Enraf-Nonius Guinier camera, Cu Ko, radiation (A = 1.540562 A), and
NBS (NIST) silicon as internal standard were employed for this purpose. All powder patterns of
II contained lines from I, Naln and In and, in addition, samples loaded as Na,gIn;(Z (Z = Ni,
Pd, Pt) contained also lines from the isolated cluster-type phase Nalolnmz.18 Since the lines
could not be distinguished as discussed above, the lattice parameters were not determined from
these powder patterns and also the yield could not be estimated from them. The yield by eye
inspection was assessed to be around 60 to 70% in the samples loaded at approximately the right
composition. In order to determine the lattice parameters, crystals of the Ni derivative of II
were selectively collected and ground. The measured X-ray powder pattern displayed sections
with nearly continuous intensity and these on the calculated powder pattern appeared as groups
of many lines with nearly equal 20 angles and intensities. Assigning correct Miller indices for
most of them was practically impossible. Indices for only 21 lines could be assigned with

relatively greater certainty. A least-square refinement of the measured 26 values of these lines
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together with those of the standard Si lines resulted in a = 15.988 (5), b = 26.102 (7) and ¢ =
41.59 (6) A.
Structure determination.

Diffraction data for Na_4,In_;¢;Ni, were collected on CAD4 single crystal
diffractometer at 23°C with monochromated Mo Ko radiation up to 26 = 50°. The structure was
refined with the aid of the TEXSAN software package. Some details of the data collection and
refinement are listed in Table 1.

A few bar-like crystals from the sample loaded as Na,In;oNi were sealed in thin-walled
capillaries and checked for singularity by means of oscillation photographs. One of them, 0.15 x
0.2 x 0.3 mm, was chosen, mounted on CAD4 single crystal diffractometer, and 25 reflections
found from random search were indexed with a primitive orthorhombic unit cell. Data collected
from one octant of reciprocal space were corrected for Lorentz and polarization effects and for
absorption with the aid of the average of five y-scans at different 20 angles. The observed
extinction condition, #k0: h + k # 2n suggested three possible space groups — Pm2n, P2;mn
and Pmmn. The Wilson plot corresponded to a centrosymmetric distribution and therefore
Pmmn was chosen. The reflections were very sharp (ca. 0.4° o width) and although the ¢ axis
is quite long no overlap of reflections was observed (collection was done with 0.4° wide -
scans).

Direct methods (SHELEX-86) provided 57 peaks that had distances to each other
appropriate for indium atoms, and they were so assigned. A few cycles of least-squares
refinement and a difference Fourier synthesis revealed two atoms at special positions with many
peaks surrounding them at distances appropriate for Ni-In distances and also many other
positions with distances appropriate for sodium. After assigning the first two positions to Ni

atoms and the latter to Na atoms, the subsequent refinement and difference Fourier map revealed
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a few more Na atoms, and the electron density shell around the Ni atoms remained. These
peaks were of relatively low height, and some of them were too close to each other although all
of them were at distances appropriate for In—Ni. By repeating the sequence of least-squares
refinement, difference Fourier synthesis and addition of new atoms, all 68 sodium atoms were
located. At this point almost all indium atoms from the fused fullerenes (Inl to In52, except
In53) and some of the cluster within In,g (InC1 to InCS) had been located and refined. In52,
InC3 to InC5 and Na37 had abnormally large thermal parameters, Nal had negative thermal
parameter, and an electron density of relatively low height (ca. 20 to 30 ¢/A3) remained around
the two nickel positions as well as near InC3, C4 and CS5. A few of these maxima were
assigned as indium, and a subsequent least-squares refinement led to unusually high thermal
parameters for them. At this point the well behaved indium atoms were refined with anisotropic
thermal parameters and In52 and InC3, C4, C5 were refined with partial occupancies. This gave
an R of around 15%. Next, all remaining peaks around the Ni atoms and those near InC3, C4
and C5 were input as In atoms and their anisotropic thermal parameters as well as their
multiplicities were refined. All sodium atoms were refined anisotropically as well, This led to
non-positive-definite parameters for Nal, 3, 30, 37 and 51, and so they were converted back to
isotropic. The R and R, factors at this point dropped to 6.3 and 7.0%, respectively, but there
was a large positive peak of about 10 /A in the difference Fourier map. This peak was located
about 1.4 A from Na37 (the one with relatively large thermal parameter) and about 2.8 A from
In19, 40, 43 and was paired with its symmetry equivalent position generated by a mirror plane.
A map calculated from F_ ¢ clearly showed two nearly spherical "islands" of electron density at
the two symmetry-related positions around Na37. More careful study of their environment
revealed that they are parts of two otherwise arachno indium icosahedra (see Structure

Description). The two positions, if filled, connect what become two nido icosahedra and are also
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a part of an In,g fullerene-type cage and make it closo-type. Na37 is on the mirror plane
generating the two positions. Since the distances to the surrounding indium atoms suggested that
the two positions are more appropriate for indium atoms, In53 was refined there with partial
occupancy and also the multiplicity of Na37 was freed. This resulted in a 85(5)% occupied
Na37 site and a 30(2)% occupied In53 site. The sum of the two occupancies, 115(5)%, is within
30 of 100%. This suggests that when Na37 is not present the two nearby sites of In53 are
occupied.

Nal remained with a negative thermal parameter but within 1o of zero in the final
refinement. It centers a ca. 14-atom indium deltahedron built of InC1-C7 with distances to
these atoms ranging from 3.23 to 3.52 A. Such large distances dismiss the possibility of having
In or Ni as central atom but are reasonable for Na—In. Moreover, sodium atoms with relatively
small thermal parameters have always been found at the center of relatively large clusters like
15-bonded closo-In; 5 in a Na-In-Au compound,'® 8- and 12-bonded closo-Ing in NayIn,; ¢ and
Nay sIny7 4,12 respectively, and 12-bonded closo-In,g in a Na-In-Sn compound.!® The reasons
why the sodium atom refines with negative thermal parameter in this case may come from the
fact that the surrounding InC3—C7 atoms are refined with partial occupancies and InC6 and C7
have extremely anisotropic thermal parameters.

The occupancy of In52 is 59(1)% in the final refinement, This site is 6-bonded within a
nido-In, 4 cluster (see Structure Description) and, if fully occupied, it would have an additional
exo bond to its symmetry-related counterpart. This seems to be unfavorable according to our
experiences with other systems with similarly positioned atoms. Usually, such positions are with
close to a half occupancy, as in this case, so that when one position is occupied its symmetry-
related counterpart is empty, and formation of the corresponding exo bond between the two

atoms is avoided.
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The final residuals are R, R, = 6.0, 6.7%, respectively, and the largest residual peaks in
the final difference Fourier map are 5.3 e/A3, 0.45 A from Na30, and -4.1 e/A3. The total
numbers of In atoms around NiA, NiB and Nal are 10.0 (2), 10.08 (7) and 14.4 (1),
respectively, if, of course, it is assumed that the single anisotropic description of each site gives
a good representation of the total present. This leads to a final refined composition of
Nay 4 g5(5)N197.1(2)Ni; in the independent unit.

Since the electron density distributions around NiA, NiB and partially around Nal were
approximated by many closely positioned, partially occupied and quite anisotropic indium atoms,
a reasonable question arises about the correctness of the chosen space group. Clearly, many of
the atoms around NiA and to some extend around NiB and Nal are too close to each other
because of mirror planes passing through the central atoms. Although these may be artificial for
the clusters, the mirror planes are definitely there for the rest of the atoms which account for
about 88% of the scattering power (130 atoms out of the total of 141). From our experiences
with isolated clusters with similar behaviors in NaggIn_o;Ni,, we concluded that a larger set of
data and subsequent refinement in a lower symmetry space group does not solve the problem.
(Reduction of the symmetry from P6;/mmc all the way to P2, did not lead to better results for
NaggIn_g7(Ni or Pd),.) The large number of atoms that have the symmetry elements of the
chosen space group will generate structure factors that are practically the same in any subgroup.
The contribution from atoms that may not have some of the symmetry elements is so small that,
although the real space group may be of lower symmetry, refinement in it is practically
impossible.

Later, data were collected on a second crystal (0.1 x 0.2 x 0.2 mm) of this compound.
It diffracted more weakly than the first crystal (6951 observed reflections), which caused about

50% larger standard deviations in the final refined parameters. The structure refined to R/R,, =
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6.4, 7.2% (GOF = 1.68, 960 variables, largest peaks in AF = +5.1 and -3.8, absorption range
0.598-1.000) and the resulted composition was Na;; g;)In;g7.53)Niy. All atoms except Na3, 5,
8, 17, 19, 21, 23, 37, 39, 45, 51, 52, 60, 62, 63 and In53 were refined with anisotropic thermal
parameters. These were refined as isotropic since these parameters became nonpositive-definite
when converted to anisotropic. The final thermal parameter for Nal was slightly negative (-0.2
(4)), as in the first crystal. The indium atoms forming the isolated clusters around the nickel
atoms and some of those around Nal had very anisotropic, two-dimensional thermal ellipsoids as
before. The occupancies of all of the sites of the encapsulated indium clusters were within 3¢ of
those refined for the first crystal. Also, In52 refined with 54(1)%, In53 with 17(1)% and Na37

with 84(7)% occupancies.
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RESULTS AND DISCUSSION
Structure description,

The final positional and isotropic-equivalent displacement parameters as well as data on
the partially occupied sites are reported in Table II. The anisotropic displacement parameters
and the important distances are listed in Tables III and IV, respectively. A general view of the
unit cell is shown in Figure 1 where the In,, and Inqq cages are represented as spheres, and lines
for separations less than 4.0 A for the indium atoms between the spheres are drawn.

The structure can be viewed in two ways. In the first, only bonding between the indium
atoms is considered and in the second some sodium atoms are added to the "bonding" scheme.
Starting from the first, the structure is viewed as built of puckered double layers perpendicular to
the ¢ axis with one such per unit cell and with gaps between the layers at z = 0 and 1 (Figure 1).
There is no In—In bonding between the double layers. Each layer is a close packed arrangement
of face-sharing In;q and In,g cages. The sequence of these cages is such that rows of each type
along the a axis (nearly the view direction in Figure 1) alternate along the b axis (horizontal in
Figure 1) and are puckered to form waves along the latter. Two layers are bonded together to
form a double-layer formation through quite complicated In—In bonding (near z = 1/2). Some of
the atoms in the cages (near z = 0 and 1) also have exo bonds pointing approximately outward
from the double layers to other indium atoms that do not belong to a cage and do not
interconnect cages.

Figure 2 shows the cage A built of 70 indium atoms with the unique atoms labeled. It
has C,, point group symmetry (the 2-fold axis is vertical in Figure 2) but is very close to Ds,
(the pseudo 5-fold axis is nearly along the view direction in Figure 2), the symmetry of the Cy,
fullerene. All atoms exhibit small, well behaved ellipsoids. The two pentagons generated by

Inl, 34, 50 plus a mirror plane (Figure 2) are shared with two other In,, cages along the a axis.
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The four pentagons near the waist composed of In9, 27, 36, 44, 47 are shared with four In,g
cages. The two hexagons near the top, In16, 29, 31, 45, are parts of nido 14-atom clusters (not
shown) which will be discussed later.

An Inqg cage (cage C) is shown in Figure 3 with all unique atoms labeled. It also has
C,, point group symmetry (the 2-fold axis is vertical) but very close to Dy, (the pseudo 3-fold
axis is nearly along the view direction). We can compare its geometry with that predicted for
some isomers of C;g. The latter has five allowed isomers according to the isolated-pentagon
rule (each pentagon is surrounded only by hexagons), Cy-I, C,,-Il, D5, Ds;-I and D3h-II.21 with
close energies, and different authors have predicted different orders of stability based on different
calculational methods. Fowler et al.2! predicted D;p,-II to be the most stable isomer based on
the largest HOMO-LUMO gap. The same approach but combined with the w-resonance energy
of the systems gives Dyp-II and C,-II as the most stable isomers.?? Tight-binding molecular
dynamics used by Ho et al.?? predicted the order of stability as Cp,-I > Dyy-I > Cp-H > Dy >
D311 and finally, both Diederich et al.2% from force field calculations and Colt and Scuseria®
from an ab initio study, gave the order of stability as Cy-I > Cy-II > D3 > Dgy-1 > Dy -1
Experimental NMR studies on C,4 fullerenes isolated by chromatography have also produced
different results. Diederich et al.2% found C,,-II and Dy in ratio 5 : 1, while Kikuchi et al.28
obtained C,,-I, C,,-Il and D5 in a ratio 5 : 2 : 2. In our case, In,g has the geometry of the D, -
I isomer with the symmetry slightly reduced to C,,. (The C,, symmetry here is coincidental
with the symmetry of the first two isomers of C;g. It results from a removal of the 3-fold axis
in the isomer Dy;,-I without any atomic rearrangements.) We should point out that the DI is
the only nearly spherical isomer, the rest are quite oblong-like.

The two pentagons at the waist of In,g are generated by In3, 17, 46 and a mirror plane,

and are shared with two other In,g cages along the a axis, as before. The four pentagons of In9,
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27, 36, 44, 47, two in front and two in back, are shared with four In,, cages. As can be seen
from Figure 3, the two pentagons of In13, 40 and 53 are parts of two nido-icosahedra. Inl19
caps each pentagon from inside the cage and is bonded to InC1 which is part of an encapsulated
cluster at the center of the cage (the rest of the cluster is not shown). The remaining atoms of
the icosahedra are outside the cage and all are exo bonded. In53 is the atom that refined to
30(2)% occupancy (17(1)% for the second crys_tal) and is 1.4 A from Na37, which refined with
85(5)% occupancy (84(7) for the second crystal). The fact that the In53 and Na37 sites are so
close means that when one is occupied, the other is empty. This combined with the fact that the
sum of the occupancies of the two positions, 115(5)% (101(7)% for the second crystal), is within
30 of 100% suggests that only arachno-In;g and closo-Inqg exist throughout the structure.
Presence of nido-In,; would lead to lower occupancy of the In53 site. For purpose of clarity the
cage will be referred to as Inqg in the text. The distance between the two In53 atoms (2.72(4)
A) and between each In53 and the nearest atoms of the icosahedron (2.75(2) A to In19, 2.82(2)
A to Ind43, 2.83(1) A to In40) are shorter compared to the usuai 2.85 A and above. A similar
situation with a row of very close arachno-icosahedra was encountered in Na, 51n27.4.2° In that
case, a pair of indium atoms, that each refined with 54.1(9)% occupancy cap a pair of arachno-
polyhedra. These are also very close to the polyhedral atoms (2.788(6), 2.889(3), 2.841(5) A)
and to each other (2.76(1) A). It was not clear though in that structure whether some of the
icosahedra are bonded via such atoms or simply alternating closo and arachno species are
present. A comparison between the distances distributions in Insg and in the Dy,-I isomer of
Cy results in a surprising similarity. Colt and Scuseria®® calculated by an ab initio method the
distances between all carbon atoms of the five possible isomers for C,5. They found that the
corresponding to In53-In53 distance in the D, -I isomer is shorter than the rest of the distances,

1.338 vs. 1.381-1.493 A,
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A magnified section of the unit cell near z = 1/2 in Figure 4 shows the connectivity
between the two layers that generate the double layers of fused fullerenes. Figure 5 shows the
two cages with the atoms forming the "attachments" labeled. Figure 5a is practically the same
as Figure 3 but the cage is represented as a sphere and the view is rotated about 90° around the
vertical ¢ axis from Figure 3. As mentioned above, the hexagons of In16, 29, 31, 45 in Inq,
(Figures 2 and 5b) are also parts of nido-In,4. The corresponding closo-deltahedron is a
tricapped truncated trigonal prism. The two triangular faces formed by truncation are AIn4$5, 38,
38 on one side and AIn16, 39, 39 on the other side (Figure Sb). The triangles formed from the
truncated corners are AIn33, 38, 38, 2AIn31, 45, 38, A26, 39, 39 and 2AIn16, 29, 39 (Figure 5b).
The nido derivative in our case has one capping atom missing, the atom that would cap the
hexagonal face In16, 29, 31, 45 from inside the fullerene. Instead, a sodium atom is positioned
there. The other 6-bonded capping atoms are two In52 (Figure 5b). This deltahedron is 12-
bonded, six from In16, 29, 31, 45 to other atoms of the fullerene. The two In39 atoms connect
the In,, fullerene to two In,g fullerenes in the same layer through exo bonds to In20 of the
attached nido-icosahedra (Figures 4, 5a and b). The two In38 atoms connect the In,, fullerene
to two In,g fullerenes but in the next layer via In43 in the nido-icosahedra.

The capping atoms InS2 are exo bonded to the same type of atoms in clusters attached to
In,, in the next layer. These atoms refine with nearly half occupancy (59(1)%) which suggests
that probably when one position is occupied, the symmetry related one in the neighboring cluster
is empty so that no In52—In52 bonds exist in the structure. A similar outcome has been
observed in other compounds — nearly half occupied positions with 6 nominal bonds within the
cluster and also an exo "bond" to its symmetry equivalent atom in another cluster. Such
examples are the six-bonded atoms in a 15-bonded closo-In, 5 cluster found in a ternary

Na-In—Au compound. those in a 12-bonded closo-Ing cluster found in a ternary Na—In—Sn
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compound and the six-bonded atoms in a 16-bonded closo-In;¢ found in a ternary Na—In=Zn
compound.'® On the other hand, such in a 12-bonded closo-In,¢ cluster found in Na, 5iNyq 4
were refined with full occupancy, although they are exo bonded to their equivalents from the
next cluster.0 Nevertheless, it seems that 7-bonded state for the indium atoms is quite
unfavorable. Two atoms, In26, 33, of the nido-In;, on the Iny, fullerene are without exo bonds,
and presumably lone pairs of electrons are associated with them.

One more connection between the two layers within a double layer is achieved through
an exo bond from Inl14 of the nido-icosahedra to In4 atom. The latter is also bonded to two
Ind2 atoms from the In,, cage and another In4 which, in turn, is bonded to the next In,, cage.

In summary, the bonding pattern inside the double layer (Figure 4) discussed above is as
follows: a) each Iny, is connected to two other In,, cages within one layer by sharing two
pentagonal faces and also through the In4~In4 pair of exo atoms; b) the same cage is connected
to four In,q cages within one layer by sharing four pentagonal faces and also through the
In39-In20 pair of exo atoms; c) the same cage is connected to one In,g cage from the next layer
of a bilayer through the two In38—~In43 and In4~In14 pairs of exo atoms; d) the same cage
would had been connected to four other In,, cages from the next layer had In52 (59(1)%
occupancy) been fully occupied; €) each Inqg cage is connected to two other In,g cages within
the same layer via two shared pentagonal faces, but no additional bonding through exo atoms
occurs; f) the same cage is connected to one Inq, from the next layer through six pairs of exo
atoms, 2 x In14-In4 and 4 x In43-In38.

Next, we turn our attention to the bonding pattern outside the double layers. Figure 6
shows a magnified section of the unit cell near z = 0 where parts of two neighboring bilayers
can be seen. The space between them is filled with sodium cations and also the NiB-centered

isolated clusters of ca. 10 indium atoms. If no exo indium atoms had been present at this side
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ofi the Inq, and In,g cages, many atoms on their surfaces would have been only 3-bonded. (As a
matter of fact, the exo atoms between the two layers forming the bilayers play the same role for
the atoms on the inward-facing surface of the cages.) Unlike carbon in the carbon fullerenes
where each atom has 3 ¢-bonds but is also n-bonded, the indium atoms require at least four o-
bonds. A 3-bonded state is very unlikely for indium, although a precedent was found in the
structure of K, sNagin,g where two 3-bonded indium atoms form a rectangle by alternating with
two 4-bonded ones.!® This is the only case, so far, where formally sp2 hybridized indium atoms
are involved in relatively well pronounced w-bonding.

Hexagons and triangles of exo atoms (open bonds) can be seen in Figure 6. Each
triangle (In48, 51) is bonded to one Ih78 cage (In49, 22, 23), while each hexagon (In8, 18, 35) is
bonded to two Insg cages (In3, 12, 28) and one In,, cage (In21, 32). Notice that each triangle
has an opposed hexagon from the next layer such that the planes of the two are nearly parallel.
The closest approach of the two layers occurs between the atoms of these triangles and hexagons
with distances of 5.412 (7) A for In35—In48, 5.455 (6) A for In8—In48 and 5.462 (6) for
In18-In51. The same formations of hexagons and triangles with similar arrangement are found
on the surface of and between the In,, cages in NaggIn_g;Z,. It can be seen in Figure 6 that
four In,g and two Inq, cages, four hexagons, and four triangles surround a cavity with nearly
spherical coordination. At its center we find the isolated NiB-centered indium cluster.

At this point, the second way of describing the structure is needed in order to ease its
further comprehension. It was mentioned above that sodium cations fill the space between the
bilayers. Two among them, Nal2 and 48, have special positioning, such that if connected to the
nearest indium atoms, another type of a fullerene cage is revealed, Figure 7 with the unique
atoms labeled. This cage (M) is built of 60 atoms (48 indium and 12 sodium atoms) and is

isotypic with the Cq fullerene. Its symmetry is C,, reduced from the ideal I;. It is centered by
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the NiB-centered indium cluster and fills the cavity discussed in the previous paragraph (Figure
6). Each cage is connected to six other Mg cages by sharing the Na12—Nal2 and Na48—~Na48
edges. It is fused to two In,g fullerenes from one layer (the upper layer in Figure 6) by sharing
the pentagons In6, 22, 28, and to two Inqg fullerenes from the next layer (the lower layer in
Figure 6) by sharing the pentagons In2, 3, 23. It is also fused to two Iny, fullerenes from one
layer (the upper layer in Figure 6) by sharing the pentagons In10, 21, 30. Notice in Figure 7
that the sodium atoms are a bit above the surface of the sphere defined by the indium atoms and
the pentagons In18, 51, Na48 as an example, are puckered outward. This is caused by the
longer Na—Na and Na—In distances compared with the In—In distances.

Since the bonding between the two layers of a double layer of Inq, and Inqg fullerenes
has already been discussed in detail, we will omit the corresponding, interconnecting exo atoms
in the further discussion as well as in the following figures. Condensed views of the structure
along or nearly along the axes g, & and c are shown in Figures 8, 9 and 10, respectively, with
the different sized fullerenes labeled and the unit cell outlined. (The empty space around z = 1/2
is where the omitted indium exo atoms first discussed as well as some sodium atoms are
positioned.) In order to show the positioning of the different cages rather than the way they are
fused with each other, the sizes of the spheres that represent them have been chosen slightly
smaller than they are supposed to be. Also we should remember that each type cage is fused
along a (Figure 9) with two members through pentagons for In;g and In,g and through pairs of
sodium atoms for Mg,. Also fused through pentagons are four Mg, and four Inq, cages to each
Insg cage, two Mg, and four In,g to each Ingg, and four more Mg, two In,q and four Ingg to
each Mg, From Figure 10 one can see that the individual layers of In;q and Inqg (normal to c)
are of a close-packed type, that is, there are six spheres around each sphere, two of the same and

four of the other type. The spheres of each type form straight rows along the a axis (Figure 9)




369

and these alternate and pucker along the b axis forming a wave-like surface (Figure 8),
However, the neighboring layers of the same type along ¢ are positioned exactly on the top of
each other (Figures 8 and 9). Close-packed layers of M are placed between every other pair of
layers and take the wave-like shape defined by the latter. Within the M, layer, each cage of
Mg, is fused with six other Mg, cages.

We should point out here that In,q and, alike, C;, with their Dg,, (or pseudo Dg;)
symmetry have oblong-like rather than spherical shape. The long axis of the ellipsoid of In, is
along the a axis of the unit cell and happens to be equal to the diameter of the nearly spherical
Inyg of pseudo Dy, symmetry (both are equal to the a axis of the unit cell, 15.988 (5) A). This,
and the fact that both cages have two diametrically opposed equatorial (in the a, b plane)
pentagons (along a) that can be shared with other cages of the same type, are the grounds for
forming commensurate rows of In;, and In;g along the a axis. The reason why the rows are
ordered in a wave-like rather that planar fashion along the b direction is probably the absence of
four more equatorial pentagons on these cages. Unlike In,, (D5y) found in NaggIn_o;Ni, which
has six pentagons in an equatorial plane and forms perfectly flat layers by sharing them with
other In,, cages, these two cages have four additional pentagons outside the waist. The layer
formed by sharing them with other cages will become puckered, automatically.

Let us imagine that the layers of Insg and In,, were flat. Since they stack exactly on top
of each other in pairs, as mentioned above (Figures 8—10), there will be trigonal prismatic sites
between them as sites for Mg, The puckering of the layers is such that one vertical edge of
each trigonal prism is shifted up or down along the ¢ axis. A logical result is that the centering
units are pushed toward the opposed rectangular face of the trigonal prism, and in the extreme
case these species will center that face. The latter is the positioning of the M, cages at the

center of the rectangular faces formed between two vertical edges In,g—~In4, in a pseudo trigonal
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prism. The third (displaced) vertical edge is another pair of In;; and In,g. The packing scheme
of the layers along the ¢ axis is ABAUABAL... where A is a Inqq, Inqgg layer, B is a Mg layer
and u designates the position of the interconnecting indium atoms (Figure 1, 4, 5 and left empty
in Figures 8 and 9).

The positioning of the sodium atoms throughout the structure is similar to that in
Nagglin_g7Z,. Most of them are used to cap all of the hexagonal and pentagonal faces of the
cages from both sides (Figures 11 to 13). Following is a list of the capping atoms and the faces
they cap:

a) in Inq, (Figure 11)

- NaS inside and Na6é outside cap the hexagon In21, 21, 21, 21, 32, 32;
- Na20 inside and Na42 outside cap the hexagon In21, 10, 32, 11, 44, 47,
- Na29 inside and Na53 outside cap the pentagon In21, 21, 10, 10, 30;

- Nal4 inside and Na59 outside cap the hexagon Inl, 30, 10, 47, 9, 34;

- Na45 inside and Na45 outside cap the pentagon Inl, 34, 34, 50, 50;

- Na62 inside and Na3  outside cap the hexagon In9, 34, 50, 25, 24, 27;
- Na54 inside and Nad41l outside cap the pentagon In9, 47, 44, 36, 27,

- Na31 inside and Na34 outside cap the hexagon In7, 11, 36, 36, 44, 44,
- Na33 inside and Na52 outside cap the hexagon In7, 36, 27, 24, 29, 16;
- Na50 inside and Na8  outside cap the hexagon In50, 50, 25, 25, 42, 42;
- Na40 inside and Na7  outside cap the pentagon In25, 42, 31, 29, 24;

- Na36 inside and Na2  outside cap the hexagon Inl6, 45, 29, 29, 31, 31;
- Na13 inside and Na4  outside cap the hexagon Ind5, 45, 31, 31, 42, 42;

b) in In,g (Figure 3)

- In19 inside caps the pentagon In13, 13, 40, 40, 53;



- Nal$ inside and
- Na38 inside and
- Na60 inside and
- Nal6 inside and
- Na65 inside and
- Na41 inside and
- Nal9 inside and
- Na63 inside and
- Na44 inside and
- Nal7 inside and
- Na68 inside and
- Na56 inside and
- Na26 inside and

- Na51 inside and

Na30
Na38
Na25
Na3

Nas2
Nas54
Nas9
Nad2
Na34
Na28
Na9

Na24
Na35

Naé61

¢) in Mg, (Figure 7)

- Na35 inside and
- Na66 inside and
- Na27 inside and
- Na64 inside and
- Na46 inside and
- Na67 inside and
- Na58 inside and
- Na43 inside and

- Na22 inside and

Na26

Na61

Na9

Na24

Na55

NaS5

Na24

Na6

Na42

outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the

outside cap the

outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the
outside cap the

outside cap the
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hexagon
pentagon
hexagon
hexagon
hexagon
pentagon
hexagon
hexagon
hexagon
pentagon
hexagon
hexagon
pentagon

hexagon

pentagon
hexagon
hexagon
hexagon
pentagon
pentagon
hexagon
hexagon

hexagon

Inl3, 13, 15, 15, 46, 46;
Indé, 46, 5, 5, 17,

In53, 53, 40, 40, 41, 41;
Ind1, 41, 27, 27,9, 9;
In40, 41, 27, 36, 15, 13;
In9, 27, 36, 44, 47,

In9, 9, 47, 47, 6, 6;
Ind4, 47, 6, 28, 12, 37,
In15, 36, 44, 37, 5, 46;
In6, 6, 28, 28, 22;

In2, 3, 12, 37, 5, 17,
In22, 49, 23, 3, 12, 28;
In2, 3, 3, 23, 23,

In23, 23, 49, 49, 23, 23;

In2, 3, 3, 23, 23;

In48, 48, 23,23,Nal2, 12;
In2, 2, 3, 3, 18, 18;

In3, 23, 48, 18,Na48, 48;
In48, 8, 35, Nal2, 48;
Inl8, 18, 51, Na48, 48;
Ing, 28, 22, 51,Na43, 48;
In3S5, 35, 21,21,Nal2, 12;

In21, 35, 8, 28, 6, 10;
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- Na28 inside and Nal7 outside cap the pentagon Iné, 6, 28, 28, 22;
- Na21 inside and Na59 outside cap the hexagon In6, 6, 10, 10, 30, 30;
- Na53 inside and Na29 outside cap the pentagon In21, 21, 10, 10, 30.

There are 37 sodium atoms (1 x Na5 + 2 x Nal3 + 4 x Nal4 + 4 x Na20 + 2 x Na29 +
2 x Na31 + 4 x Na33 + 2 x Na36 + 4 x Na40 + 2 x Nad45 + 2 x Na50 + 4 x Na54 + 4 x 62)
inside the 37 faces of Inqg, 39 sodium atoms (2 x In15 + 2 x In16 + 2 x Nal7 + 2 x In19 + 2 x
In26 + 2 x Na38 + 4 x Nad1 + 4 x Nad4 + 1 x Na51 + 4 x Na56 + 2 x Na60 + 4 x Na63 + 4
x Na65 + 4 x Na68) and 2 indium atoms (2 x In19) inside the 41 faces of In,g, and 32 sodium
atoms (2 x Na2l + 4 x Na22 + 2 x Na27 + 2 x Na28 + 2 x Na35 + 2 x Nad43 + 4 x Nad6 + 2
X Na53 + 4 x Na58 + 4 x Na64 + 2 x Na66 + 2 x Na67) inside the 32 faces of Mg,

The remaining few sodium atoms that do not cap faces of fullerenes (Nal0, 11, 23, 32,
37, 39, 47, 49, 57) are located near Z = 1/2. They cap the faces of the deltahedra positioned
there. One more sodium atom, Nal8, caps the exo hexagon In8, 8, 18, 18, 35, 35 (Figure 6),
that connects two In,q and one Inqq cages.

If lines are drawn between the sodium atoms (endo-Na) inside the three spheres, as it is
done with open bonds in Figﬁres 11, 12 and 13, additional nearly spherical formations inside the
fullerenes are revealed. These are correspondingly 37-, 39- and 32-atom regular deltahedra
(triangular faces only) constructed of five and six "bonded" sodium atoms. The deltahedron in
Figure 12 (inside the In,g cage) is arachno-type if only the sodium atoms are considered, but it
becomes closo-type when the two In19 atoms inside the In;g cage (labeled in Figure 3) are
included. The atoms in the fullerenes can now be viewed as capping all triangles of each inner
deltahedron from the outside. Since each "six-bonded" sodium atom has six adjacent triangles
and each "five-bonded" sodium atom has five, they cap, respectively, hexagons and a pentagons

in the fullerene.
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One very important consideration for later discussion is that the "six-bonded" endo-Na
atoms need to be closer to the surface of the fullerene, or in other words further from its center,
than the "five-bonded" endo-Na atoms in order to keep reasonable and more or less equal Na—=In
distances. This also leads to shorter exo-endo Na-Na distances across the hexagons than across
the pentagons. This, in turn, means that the positions of all of the inner sodium atoms in the
fullerenes are fixed (determined) by the positions of the atoms building the fullerenes, and this
has a dramatic effect on the isolated indium clusters at the center of the cages.

There are two different isolated and Ni-centered clusters and one Na-centered (Nal)
cluster in the structure. NiA, NiB and Nal are at the centers of the Inyy, Mg, and Ing
fullerenes, respectively. During the refinement of the structures (above), it was found that these
core positions are surrounded by shells of electron density with no well-defined maxima. These
shells are quite spherical and with average radii of 2.73 (3), 2.86 (3) and 3.38 (5) A around NiA,
NiB and Nal, respectively. The first two lengths are quite appropriate for Ni—In distances (2.77
A is the average for Ni—In in InmNim')19 and the third is common for Na—In (see Table IV).
The electron density within these shells was approximated by placing indium atoms at all
maxima and refining them anisotropically and with partial occupancies. Figure 14 shows the
clusters with the ellipsoids of the indium atoms drawn at the 94% probability level. It can be
seen that all the ellipsoids around NiA and NiB and some around Nal appear as two
dimensional disks that are tangential to a sphere around the cluster center. The same clusters are
shown with 50% probability thermal ellipsoids on Figure 15 where one can see more clearly the
positions of the indium atoms,

NiA-centered cluster. The electron density around NiA (within In,q) was refined with
six independent indium positions, Al to A6 (Figure 15a). All these atoms refined with 50%

occupancy (within 16) and gave total of 10.0 (2) indium atoms per cluster (see Table II). Some
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of the distances between them are quite small but some are reasonable for In—In distances. All
of them are at proper distances from the central atom, NiA (2.68 (1) to 2.801 (8) A). The fact
that each of the atoms of the cluster refined with half occupancy suggested to us that a good
model might be a cluster of 10 indium atoms that exists disordered throughout the structure.
The best model that we could find, Figure 16a, is achieved by removing the two vertical mirror
planes through the center of the cluster that are required by the space group . The view in
Figure 16a is slightly off from the one in Figure 15a, but still one can see that this 10-atom
cluster has half of each type of refined atoms. All In—In distances (from 2.95 (1) to 3.35(1) A),
except one, are within the normal range. The only one exception is the distance InA2—InA3
which is 2.30 (1) A, impossibly short distance for two indium atoms. Nevertheless, since all of
the atoms of the cluster refine with such extreme thermal motions, it is possible that in each In|
cluster the atoms InA2 and A3 are not actually at the centers of the refined thermal ellipsoids.
Each of these two atoms would need to move away only about 0.3 A in order to establish a
reasonable bond length, Notice that the radii of the disks approximating the distribution of InA2
and A3 are ~0.7 A even when drawn at only 50% probability. Since the positions of all InAl to
A6 atoms have been refined as the average positions of a cluster disordered throughout the
structure, it is possible to artificially refine sometimes an atom centered between two maxima in
the electron density that are very close (~0.3 A) to each other.

Assuming that the model we proposed is correct, we can discuss the geometry of this
cluster. Shown in Figure 16b is a Ni-centered isolated InlONi‘O' cluster found in KlOInmNi.19
Its geometry is very close to the modeled cluster in Figure 16a, and both can be considered as
tetracapped trigonal prisms (vertical in the Figures). The trigonal prism in Figure 16a is
constructed of atoms A4, A6, A6 (lower triangle) and A1, A2, A3 (upper large triangle). AS

caps the upper triangular face (AS is bonded to Al, A2, A3), and another three atoms, Al, A3,
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A4, cap all trapezoidal (formerly rectangular) faces of the trigonal prism. Since all atoms
should be nearly equidistant from the central nickel atom, the capping atom A5 becomes very
close to the upper triangle and causes expansion of the latter. Extended-Hiickel MO calculations
performed on the cluster of Figure 16b have shown that clusters with this geometry require 2n =
20 electrons (n is the number of indium atoms) for skeletal bonding. This will result in a charge
of -10 associated with the clusters encapsulated in In,,.

NiB-centered cluster. The electron density around NiB (within Mgg) was refined with
five independent indium positions, B1 to B5 (Figure 15b). B1 and B2 refined with 100%
occupancy (within 1), and B3, B4 and BS refined with 57(1), 35(1) and 70(1)% occupancies,
respectively (see Table II). This gave a total of 10.08(7) indium atoms per cluster. Again, some
of the distances between the atoms of the cluster are quite short but some are reasonable for
In-In distances, and also, all of the indium atoms are at proper distances from the central NiB
atom (from 2.64 (1) to 2.699 (8) A). As for the NiA-centered cluster, this cluster also can be
modeled as a 10-atom indium cluster disordered throughout the structure. ’i‘he model in a
different orientation from Figure 15b is shown in Figure 17. It is achieved by using all of the
B1 and B2 atoms (100% occupancy) and one half each of the B3, B4 and B5 atoms. It can be
seen that this cluster resembles the NiA-centered cluster (Figure 16a) and also the InloNilo'
cluster found in KlolnloNi.19 Except a few short distances, the In—In range is 2.94 (1) to 3.37
(1) A. There are six relatively short distances, two of 2.68 (1) A between InB1 and B3, two of
2.76 (1) A between InB2 and B4, and two of 2.78 (2) A between InB3 and B4. Again, as in the
NiA-centered cluster, since all of the atoms of the cluster refine with very large tangential disks,
it is possible that in each cluster the atoms B1, B2, B3 and B4 are slightly off the centers of the
refined positions. Displacements of only ~0.1 A for each of these atoms would make the

distances "normal”.
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The geometry of the cluster (Figure 17) is again a tetracapped trigonal prism (vertical)
similar to that for the NiA-centered cluster. The trigonal prism is built of B3, B2, B5 (lower
triangle) and B1, B1, B4 (upper large triangle). The capping atoms are B1 which caps the upper
triangular face and InB1, B3, B4 which cap all quasi-rectangular faces of the trigonal prism.

The upper triangle has opened so that the capping atom InB1 can approach the central Ni atom.
Since both clusters are isotypic with Ianilo‘. each should require 20 electrons for skeletal
bonding and therefore would have a charge of -10.

This model for the NiB-centered cluster implies that InB1 and B2 are 100% occupied, as
they are, and InB3, B4 and B5 are 50% occupied. The latter three were refined with 57 (1), 35
(1) and 70 (1)% occupancies,respectively, which are, correspondingly, 76, 150 and 20c
deviations from the required value. The last two numbers are quite large but, again, we should
keep in mind that all so-called atoms of the refined cluster are very much imperfect and they , of
course, will affect the refined parameters of each other.

Nal-centered cluster. This cluster (Figure 15c) is nested at the center of the In,g
fullerene, but it is unusual since it "hangs" on two adjacent indium atoms. Some of the maxima
in the electron density distribution around the central Nal atom were quite well defined and with
reasonable heights for In atoms. On the other hand, some sections of the electron density had no
clear maxima and almost continuous (plato-like) distribution with relatively low but not
negligible heights. Atoms C1 to C3 refined with relatively "normal" thermal parameters and
with nearly full occupancies, 100 (1)%, 100 (1)% and 88 (1)%, respectively. The two C1 atoms
have exo bonds to two In19 atoms through which the cluster communicates with the "outside
world". The latter are the indium atoms that cap two pentagonal faces of the In,g fullerene
from the inside (see Figure 3). C4 and C5 refined with smaller occupancies, 86 (2) and 78

(2)%, respectively, (within 7¢ and 11o of full occupancy). Their thermal parameters are quite
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large but not extreme. Finally, C6 and C7 gave very large and considerably elongated thermal
ellipsoids with refined occupancies of 80 (1) and 50 (1)%, respectively. Two different cross-
sections of the electron density distribution near InC6 and C7 are shown by Figures 18 and 19,
both from Fourier syntheses based on F; and the assigned phases. The plane of the plot in
Figure 18 is defined by the atoms InC4, C6, and C7, and the one in Figure 19. by InC4, C5 and
C7 (see also Figure 15c). It is clear that there are no well defined maxima in the electron
density near the positions refined for InC6 and C7. There is a continuum of electron density in
the shape of an arc which extends from InC4 through InC7, C6, C7 to another InC4. This
causes great problems when one tries to approximate it with a few discrete positions. The result
is large anisotropic thermal ellipsoids and large ambiguity in the correct positions of the atoms.
Also, an artificial symmetry element (or elements) that passes through the center of the cluster
will generate further problems when refining these atoms since the refined positions will be
average and not necessarily correct,

We tried to model this cluster in a similar way to the other two discussed above. A
model that is relatively reasonable is shown in Figure 20a. In it, all atoms C1 to C6 are
assumed fully occupied and C7 is half occupied. The result is 2-bonded closo-In,g which has
one of the two mirror planes through the center missing. Of course, lower occupancies of Cl1 to
C6 may lead to different nido, arachno, hypho etc. species. Shown in Figure 20b, for
comparison, is a 12-bonded closo-In,4 found in Na; 51n27.4.2° It can be seen that the geometries
of the two are very similar.

Most of the distances in the modeled cluster as well as the two exo bonds are within the
range of "normal" In-In distances and span from 2.80 (2) to 3.320 (9) A. The two distances
from InC6 to In4 (in front in Figure 20a) are very long, 4.49 A, but are marked in the figure.

There are only six relatively short distances in the whole formation. These are two distances of
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2.36 (2) A between InC6 and C7, two of 2.47 (2) A between InC5 and C7, and two of 2.58 (2)
A between InC4 and C7. Notice that all of them include InC7, the atom with half occupancy
and most anisotropic thermal ellipsoid. The arguments that we used to rationalize short distances
associated with atoms with large thermal ellipsoids in the other two clusters are valid here as
well.

A closer look at the electron density distributions on the entire surface of the Ni-centered
clusters and the "upper” part of the surface of the Nal-centered cluster (see Figure 14) reveals
that there are only a few islands that have near-zero electron density. Most of the surface is
otherwise covered by the thermal ellipsoids of the atoms, especially at 94%. Another interesting
observation is that these islands of zero electron density are always located directly below a
"five-bonded" sodium atom from the outer deltahedron (Figures 21 to 23). Exactly the same
positioning of "five-bonded" sodium atoms was also observed around isolated Z-centered indium
clusters in NaggIn_o;Z, (Z = Ni, Pd or Pt). We already discussed the fact that such sodium
atoms are closer to the center of the deltahedra than the six "bonded" ones (above). (One can
see in Figures 21 to 23 that the "five-bonded" sodium atoms arc much closer to the plane of the
pentagons to which they are bonded than the "six-bonded" atoms to the corresponding
hexagons.) As a result of this, it is evidently impossible to locate an indium atom anywhere
near both the central atom and a "five-bonded" sodium atom. On the other hand, the "six-
bonded" sodium atoms can have indium atoms undemeath although sometimes with very short
but apparently possible distances. Such short distances are the following: 3.05 (1) A for
InA1-Na33, 2.92 (2) A for InA5-Nal3, 3.08 (1) A for InA6~Na20, 3.04 (1) A for InB1-Na22,
3.03 (2) A for InB3~Na58, 2.86 (2) A for InB4—Na64, 2.89 (2) A for InB5—-Na66, 3.12 (2) A
for InC2~-Nal6, 3.01 (1) A for InC3-Nad4, and 3.11 (2) A for InC7-Na63. All are comparable

with the shortest Na—In distances in Na,In,, g, 3.06 and 3.12 A.!7 Even shorter distances of
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about 2.8 A were observed in NaggIn_o;Ni,. Such distances should not be surprising since the
encapsulated indium clusters in sodium deltahedra are apparently compressed considerably by the
outer fullerenes.

Since all isolated clusters found so far in the different sized fullerenes appear to contain
10 indium atoms, we can comprehend the different degree of compression they experience by
comparing their average Ni~In distances. The ranges of Ni—In distances in Mg, found in
Naggln_g;Ni, and in Na_;,,In_;,Ni, are 2.59(2)~2.716(6) (2.66(3) A average) and
2.64(1)-2.699(8) A (2.67(3) A average), respectively. Although the clusters there have different
geometries, the distances are practically identical and suggest that are defined to some extend by
surrounding sodium atoms which, in turn, are fixed by the atoms of the fullerenes. Furthermore,
we find longer Ni~In distances in larger sized fullerenes, 2.68(1)-2.801(8) A (2.73(3) A
average) in Ingg and 2.67(1)-2.90(5) A (2.78(3) A average) in In,,. This means that the I
clusters may be quite flexible in terms of Ni—In distances. Smaller fullerenes apply higher
degree of compression on the encapsulated sodium deltahedra. The sodium atoms in these
deltahedra get, accordingly, close to the indium atoms in the encapsulated clusters and
effectively compress them. This results in disk-like thermal ellipsoids for the indium atoms,
shorter Ni—=In contacts and also smaller In—-In distances on the surface of the clusters.

The final result of all of the above considerations is that the inner indium atoms appear
excluded from some regions but can be anywhere else on the surface of the cluster or, in other
words, they "float". The only restricted places are the "islands" radially below "five-bonded"
sodium atoms (Figure 24). This explains the observed disk-like thermal ellipsoids which cover
most of the surface of the clusters. In summary, the positions of the pentagonal faces of the
fullerene determine the positions of the "five-bonded" sodium atoms and they, in turn, define the

positions of the "islands" of zero electron density on the surface of the cluster. That is why the
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clusters inside the different fullerenes have seemingly different geometries although all appear to
be of 10 indium atoms. Also, although each fullerene has 12 pentagonal faces, they have
different location in the different sized fullerenes.

The situation discussed above also reminds one very much the so called incommensurate
structures. In the latter, a mismatch between two layers or two rows of atoms with different
periodicities occurs, and this causes similar problems when refining the structure as
commensurate. In our case, the mismatch is between the atoms of two spheres, one of which
has fixed position (the sodium) and the other one is free to take different, but not all orientations
in respect to the first one. The incommensurability could be visualized as two infinite
incommensurate rows of atoms wrapped an infinite number of times around a sphere and could
be called circular or angular incommensurability.

Following the nomenclature proposed by Smalley et al,%’ the formula of one In4, cage,
as an example, could be written as Z@1In,@Na,;@In,, where Z = Ni, Pd or Pt. Although
these cages are not isolated but rather fused with each other and lack the characteristic
delocalized n-bonding system of Cgj etc.. we still can call them fullerenes because they resemble
the structures proposed by the late Fuller.

Besides NaggIn_o7Z, and Na_;5,In_;9;Z,. there is another precedent of a cage-built
structure. Nesper in his Habilitationsschrift describes very briefly an unpublished structure
containing fused Al,q cages.?® The compound has an approximate composition LiMgAl, and
although the structure has been refined down to R/R,, = 6.6/5.6%, there are many uncertainties
remaining. It is built of Al,¢ cages fused through all twelve pentagonal faces to other cages of
the same type. Each cage has C,, symmetry (no center of symmetry). Six of the pentagonal
faces are in the equatorial plane of the cage and are nearly equidistant from each other. The

remaining six pentagons are near the poles, three in each hemisphere. They define two triangles
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that are staggered to each other and parallel to the equatorial plane with the other six pentagons.
If the cage is sliced through the three planes (the equatorial plus the two triangles of pentagons)
the positions of the pentagons in these planes form close-packed layers stacked in a cubic ABC-
type order. Since each pentagon is shared with another Al,4 cage, the cages also form close-
packed layers stacked in a cubic order. Unfortunately, only the Al sites building the cages and a
few Li and Mg sites have been unambiguously identified. Most of the cationic sites have been
refined with mixed Li and Mg contents, some partially occupied. Also, the aluminum cages
apparently contain some kind of isolated aluminum cluster at the center. The refinement of the
latter experienced similar problems to those in our refinement of the central clusters in the
indium cages. In the case of the Al,q cages, though, it was not clear what kind of atoms were
building the central cluster. These have been refined with 6 Al atoms in a trigonal prism
centered by partially occupied Mg site. The rectangular faces and the triangular ends of the
prism are capped and bridged, respectively, by partially occupied Mg sites. Like those building
the clusters inside the indium cages, the atoms in the encapsulated clusters inside the aluminum
cages refine with large highly anisotropic thermal ellipsoids and also with partial occupancies.
The clusters are thought to be disordered throughout the structure, and a model for a cluster with
reasonable atomic distances was not found. Furthermore, it seems that two spherical shells of
cations between the central cluster and the aluminum cage are proposed, and from our
experience with the indium cages this seems to be very unlikely. Usually, alternating cationic
and anionic shells are observed. The number of cations in the inner shell is only estimated by
refining many sites close to each other with partial magnesium occupancies. The shell closer to
the cage was refined with 40 atomic positions, many of them of mixed Li and Mg content, that
cap from within all 40 faces of the aluminum cage. Other sites, partially occupied by Mg cap

the faces of the cage from the outside. This is remarkably similar to the positioning of the
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sodium cations inside and outside the indium cages. The uncertainties in the contents of many
of the cationic sites as well as the central cluster hindered the determination of the real formula
of Nesper’s compound. Nevertheless, his structure is another example of the diversity in the
chemistry of the elements of the boron family. By adding Al,g, the list of different size cages
that are known becomes impressive: Mgq (InggNa, ), Inyg, Ingy, Alsg and Ingg. We can say "so
long" to the uniqueness of the carbon fullerenes.

The chemistry of indium with negative oxidation states has shown remarkable diversity.
It spans from truly intermetallic compounds, such as KIn, and RbIn429 (BaAl-type structures),
with metallic and more or less nondirectional type bonding of 8-coordinate indium atoms to
indeed molecular ions in Na,In where covalent (directional) type bonding of 3-bonded In atoms

8 "molecules" takes place.zo Moreover, this range of oxidation states is covered

forming In,
quite densely by a large number of compounds with different structures and similar
stoichiometries. The ability of indium to exist as three-, four-, five-, six- and even seven-bonded
in one and the same compound has produced an amazing structural variety. Simply by
increasing or decreasing the ratio of less-bonded to more-bonded atoms, the compounds can in
parallel accommodate more or fewer electrons. This, in other words, means that if space is
available for any particular number of cations, an almost continuous range of compounds would
be possible between the structures of KIn, and NayIn. A very good example is the existence of
the compounds K,,In,q and K, sNagln,q where one additional electron in the second causes two
4-bonded indium atoms to become 3-bonded and two 6-bonded indium atoms to become 5-
bonded while the rest of the structure remains the same.'® Notice that the difference in the
stoichiometries of the two compounds is only one cation per total of 61 atoms.

Another structural benefit for indium (but not only for indium) is the ability to mimic

some of the structural specificities of the elements of main group four (tetralides, Tt). As an
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example, Inl (electronically equivalent to Tt) forms a diamond-type network in NaIn®® (NaTI-
type) and In* (electronically equivalent to Tt!") forms tetrahedra like Sn'* in NaSn.3! It is not
so surprising then that indium with an oxidation state approximately -1 can form fullerene-type
structures related to those that carbon forms. Different sizes fullerene-type cages of indium can
form around isolated central clusters in the presence of elements (Ni, Pd, Pt) known to have a
tendency for cluster centering and enough alkali-metal atoms to provide a nearly -1 formal
charge on the indium atoms (mostly 4-bonded). The sizes of these cages and the connectivity
between them will probably depend upon many factors one of which will be the formal
oxidation state of indium, that is the atomic ratio Na : In. The formal oxidation state on the
indium atoms in NaggIn_g;Ni, is practically -1 (Na : In = 1 : 1), and therefore mainly 4-bonded
indium atoms are expected throughout the structure. Indeed, only 14 of the 77 (18%) indium
atoms in the fused 74-atom fullerene network have more than four bonds (12 are 5- and 2 are 6-
bonded). In Na_,,In_;9;Z, the ratio Na : In is less, 0.9 : 1.0, and therefore more indium atoms
with more bonds are found. Out of the 174 (41%) building the fused 70- and 78-atom

fullerenes, 46 are 5- and 26 are 6-bonded.
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Table L. Data collection and refinement parameters for Na,4; g5(5yIn97,1(2)Nip

Formula weight
Crystal size, mm
Lattice parameters:®
a, A
b A
c, A
v, A3
Space group, Z
d(calc.), g cm™
p(Mo-Ka), cm’!
Transmission range
Diffractometer
Radiation

Temperature, °C
Octants measured
Scan method
Zemax
Number of reflections:
measured
indep. observed (I 2 3op)
Number of variables
R; Ry’ %
Goodness of fit indicator
Maximum shift/c in final cycle
Largest peaks in final AF map

Secondary ext. coeff,

26705
0.15 x 0.20 x 0.30

15.988(5)

26.102(7)

47.59(6)

19860(36)

Pmmn (#59), 2

446

113.12

0.6742-1.0000

CAD4

Mo-Ka (A = 0.71069 A)
graphite-monochromated
23

h k1

0}

50°

18823
8120

1000

6.0; 6.7

1.62

0.03

+5.3 ¢/A3 (0.45 A from Na30)
-4.1 e/A3

1.2(2) x 10°

a Room temperature Guinier data with Si as an internal standard (A = 1.540562 A).

b R = ZIF | — IF/ZIF; R, = [EW(F,| - IFHYEw(E)?]"2 w = o2,
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Table II. Positional and isotropic equivalent displacement parameters for
Nay71.85(5IM197.12)Niz

aom N X y z Beq occup.  No. at./clust.
Inl 2b 3/4 1/4 0.26040(9) 1.4(2)
In2 4f 0.3443(2) 3/4 0.11108(6) 1.6(1)
In3 8g 0.4369(1) 0.65645(9) 0.09142(4) 1.4(1)
Ind4 4f 0.3448(2) 3/4 0.51146(6) 1.3(1)
InS 4e 1/4 0.6581(1) 0.20301(6) 1.5(1)
In6 8g 0.6548(1) 0.4373(1) 0.17040(4) 1.34(9)
In7 4de 1/4 0.5385(1) 0.32785(6) 1.5(1)
In8 8g 0.4400(1) 0.4654(1) 0.08901(4) 1.5(1)
In9 8g 0.6556(1) 0.4379(1) 0.27854(4) 1.36(9)
Inl0  8g 0.5576(1) 0.34286(9) 0.18883(4) 1.4(1)
Inll 4de 1/4 0.4663(1) 0.20202(7) 1.5(1)
In12  8g 0.4397(1) 0.5623(1) 0.12826(4) 1.47(9)
In13  8g 0.4148(1) 0.6944(1) 0.35840(4) 1.5(1)
Inl4 4f 0.4141(2) 3/4 0.45390(6) 1.4(1)
In15 8g 0.3466(1) 0.63719(9) 0.30998(4) 1.4(1)
In16 4e 1/4 0.5025(1) 0.38973(6) 1.4(1)
In17  2b 14 3/4 0.1666(1) 1.7(2)
In18 8g 0.3453(1) 0.5599(1) 0.07085(4) 1.6(1)
In19 4f 0.5847(2) 3/4 0.34852(7) 1.9(1)
In20  8g 0.4133(1) 0.65989(9) 0.41703(4) 1.4(1)
In21  8g 0.4044(1) 0.30830(9) 0.15867(4) 1.3(1)
In22  de 3/4 0.5325(1) 0.09087(6) 1.5(1)
In23  8g 0.5888(1) 0.69289(9) 0.06053(4) 1.5(1)
In24  8g 0.5627(1) 0.46102(9) 0.38271(4) 1.31(9)
In25 8g 0.6553(1) 0.36602(9) 0.39894(4) 1.34(9)
26 4e 1/4 0.5598(1) 0.49237(6) 1.9(1)
In27  8g 0.5624(1) 0.4979(1) 0.32145(4) 1.4(1)
In28  8g 0.5957(1) 0.4984(1) 0.12171(4) 1.5(1)
In29  8g 0.4106(1) 0.4610(1) 0.41652(4) 1.5(1)
In30 4f 0.6543(2) 1/4 0.20652(6) 1.31)
31 8g 0.4105(1) 0.36757(9) 0.45389(4) 1.5(1)
In32 de 1/4 0.3728(1) 0.16407(6) 1.4(1)
In33 4e 1/4 0.4673(1) 0.52916(6) 2.02)
In34  de 3/4 0.3418(1) 0.29589(6) 1.5(1)
In35  8g 0.3445(1) 0.3684(1) 0.10680(4) 1.6(1)
In36  8g 0.4094(1) 0.5342(1) 0.29340(4) 1.5(1)
In37  8g 0.3463(1) 0.5636(1) 0.18350(4) 1.6(1)
In38  8g 0.3450(1) 0.36979(9) 0.51270(4) 1.5(1)
In39 8g 0.3449(1) 0.5621(1) 0.43639(4) 1.6(1)
Ind0  8g 0.5844(1) 0.65772(9) 0.38386(4) 1.6(1)
Indl  8g 0.6546(1) 0.5580(1) 0.36605(4) 1.5(1)
In42  8g 0.4367(1) 0.69103(9) 0.55649(4) 1.4(1)
Ind3  8g 0.5843(1) 0.69348(9) 0.44227(4) 1.5(1)
Ind4 8g 0.4088(1) 0.4987(1) 0.23248(4) 1.5(1)
Ind5  de 1/4 0.3084(1) 0.46672(6) 1.5(1)
Ind6  4de 1/4 0.6936(1) 0.26430(7) 1.7(1)
Ind7 8g 0.5612(1) 0.4389(1) 0.22441(4) 1.35(9)
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Table II. (continued)

atom N  x y z Beg occup.  No. at./clust.

In48 8g 0.6522(2) 0.6340(1) 0.00691(4) 1.8(1)

Ind9 de 3/4 0.6361(1) 0.06511(6) L3(D

InS0  de 3/4 0.3065(1) 0.35420(6) 1.3(1)

In51  4e 3/4 0.5380(1) 0.02541(7) 1.7(1)

In52 8g 0.4155(3) 0.4825(2) 0.48714(9) 2.7(2) 59(1)%

In53 4f 0.665(1) 3/4 0.3997(4) 2.0(10) 30(2)%

NiA  2a 14 1/4 03114(1) 0.8(3)

InAl  8g 0.2198(5) 0.1530(2) 0.3290(1) 6.5(5) 50(1)% 2.00(4)

InA2  4f 0.3759(8) 1/4 0.3505(3) 10.2(9) 50(4)% 1.00(8)

InA3  8g 0.1075(6) 0.1883(4) 0.3165(3) 11.5(7) 50(2)% 2.00(8)

InA4  8g 0.1083(5) 0.2084(4) 0.2879(2) 8.5(5) 50(2)% 2.00(8)

InAS  4f 0.196(1) 1/4 0.3647(2) 8.8(7) 50(4)% 1.00(8)

InA6  8g 0.2224(6) 0.1924(3) 0.2652(1) 1.6(5) 50(1)% 2.00(4)
10.0(2)

NiB 2b 3/4 1/4 0.0492(1) 1.0(3)

InBl  8g 0.6576(3) 0.1936(2) 0.0847(1) 10.7(3) 100(1)%  4.00(4)

InB2 2b 34 1/4 0.9937(1) 13.2(8) 100(1)% 1.00(1)

InB3  8g 0.7062(8) 0.1558(3) 0.0349(3) 19.010)  57Q1)% 2.28(4)

InB4  8g 0.634(1) 0.1932(7) 0.0235(3) 14.0(10) 35(1)% 1.40(4)

InB5  4f 0.5901(5) 1/4 0.0310(2) 8.8(6) 70(1)% 1.4(2)
10.08(7)

InC1  4f 0.6559(3) 3/4 0.29277(8) 3.4(2) 100(1)% 2.00(2)

InC2  de 3/4 0.6497(2) 0.2738(1) 4.0(2) 100(1)%  2.00(2)

InC3  8g 0.0826(2) 0.1864(2) 0.75463(9) 7.5(2) 88(1)% 3.52(4)

InC4  4de 1/4 0.1210(3) 0.7853(1) 15.0(7) 86(2)% 1.72(4)

InC5  4de 1/4 0.1963(4) 0.8364(1) 18.0(8) 78(2)% 1.56(4)

InC6  4f 0.0801(5) 1/4 0.8109(1) 23.0(10)  80(1)% 1.60(2)

InC7  8g 0.1263(9) 0.1640(8) 0.8109(3) 2700100 50(1)% 2.00(4)
14.4(1)

Nal 22 1/4 1/4 0.7740(4) -0.2(3)

Na2 de 1/4 0.4452(7) 0.4579(3) 2.0(8)

Na3 4e3/4 0.4408(7) 0.3453(3) 2.0(3)

Na4 4f 0.563(1) 3/4 0.5073(3) 3.0(10)

Na5 2a 1/4 1/4 0.1969(5) 2.0(10)

Na6  2a 1/4 1/4 0.1226(5) 3.0(10)

Na7  8g 0.5946(8) 0.0615(5) 0.4533(3) 2.6(6)

Na8  2b 34 1/4 0.4195(5) 2.0(10)

Na9  de 3/4 0.1307(9) 0.8712(4) 3.0(10)

Nal0  de 3/4 0.0186(7) 0.4119(3) 2.1(8)

Nall  8g 0.0574(8) 0.0611(5) 0.5673(2) 2.2(5)

Nal2  de 1/4 0.1848(7) 0.0504(4) 2.509)

Nal3  4f 0.126(1) 1/4 0.4215(4) 3.0(10)

Nal4  8g 05757(8) 0.1761(5) 0.2560(2) 2.5(6)

Nal5  4f 0560(1) 1/4 0.7081(4) 4.0(10)

Nal6  de 1/4 0.0448(6) 0.6945(3) 1.7(8)

Nal7 de 1/4 0.0497(8) 0.8394(4) 3.0(10)

Nal8 4e 1/4 0.0093(8) 0.1272(4) 2.3(9)
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Table II. (continued)

atom N x y z Beg occup. No. at./clust.
Nal9  de 34 0.0036(8) 0.2238(4) 3.010)
Na20  8g 0.1294(8) 0.1291(5) 0.2203(2) 2.7(6)
Na2l 4e 3/4 0.1775(7) 0.1572(8) 1.7(8)
Na22  8g 0.5442(8) 0.1277(6) 0.1210(2) 2.7(6)
Na23 4e 344 0.1275(7) 0.6213(3) 1.6(3)
Na24  8g 0.0619(8) 0.0653(6) 0.9381(3) 3.7
Na25 4e 1/4 0.1187(7) 0.5785(4) 3.0(10)
Na26  4f 0.052(1) 1/4 0.8767(3) 3.0(10)
Na27 4e 3/4 0.1735(7) 0.9395(4) 2.2(8)
Na28 de 3/4 0.0877(7) 0.1099(3) 2.0(8)
Na29  4f 0.054(1) 1/4 0.2211(4) 2.1(8)
Na30  2b 3/4 1/4 0.6666 5.0(8)
Na3l  de 1/4 0.057(1) 0.2770(4) 4.(10)
Na32 22 14 1/4 0.5282(5) 2.0(10)
Na33  8g 0.1265(7) 0.0553(6) 0.3451(2) 2.6(6)
Na34  4de 3/4 0.0664(8) 0.7464(3) 2.3(9)
Na35  4f 0.588(1) 1/4 0.9549(4) 3.0(10)
Na36  4de 1/4 0.1311(8) 0.4009(4) 3.0(10)
Na37 2a 3/4 3/4 0.3994(6) 1.8(7) 85(5)%
Na38  4f 0.605(1) 1/4 0.7787(3) 3.0(10)
Na39 2b 34 1/4 0.5967(6) 4.0(20)
Nad0  8g 0.0461(8) 0.1496(5) 0.3868(3) 2.7(6)
Nadl 8g 0.0882(9) 0.0551(6) 0.7429(3) 3.5(7)
Nad2  8g 0.0665(9) 0.0535(6) 0.1636(2) 3.3(7)
Nad3  4f 0.051(1) 1/4 0.0924(4) 3.0(10)
Nadd4  8g 0.5785(8) 0.1268(5) 0.7579(3) 3.0(7)
NadS  4f 0.605(1) 1/4 0.3131(4) 3.0(10)
Nad6  8g 0.0353(8) 0.1415(5) 0.0504(3) 3.0(6)
Nad7  4e 3/4 0.1476(7) 0.4630(4) 2.1(8)
Nad8  8g 0.088(1) 0.0211(5) 0.0192(2) 3.1(7)
Nad9  8g 0.5559(8) 0.1348(5) 0.5102(2) 2.4(6)
Na50  4f 0.577(1) 1/4 0.3815(3) 1.8(8)
Na51 2a 1/4 1/4 0.8997(6) 2.9(6)
Na52  8g 0.5594(8) 0.0634(6) 0.6327(2) 2.5(6)
Na53  4f 0.581(1) 1/4 0.1435(4) 3.0(10)
NaS4  8g 0.0490(9) 0.0855(5) 0.2824(2) 2.8(6)
NaS5  de 1/4 0.055(1) 0.0585(4) 5.010)
Na56  8g 0.1258(9) 0.1286(5) 0.8778(3) 3.0(7)
NaS7  de 3/4 0.1721(7) 0.5380(4) 2.5(9)
NaS8  8g 0.6315(8) 0.0555(6) 0.0551(2) 3.4(7)
Na59  de 3/4 0.1336(9) 0.2236(4) 3.0(10)
Na60 de 1/4 0.1707(9) 0.6574(3) 3.0(10)
Na6l  2a 1/4 1/4 0.9718(6) 3.0(10)
Na62  8g 0.5766(8) 0.1296(6) 0.3323(2) 2.8(6)
Na63  8g 0.0514(9) 0.0540(7) 0.8132(2) 4.2(7)
Na64  8g 0.557(1) 0.1327(6) 0.9806(2) 3.9(7)
Na65  8g 0.0569(9) 0.1321(5) 0.6868(2) 3.0(6)
Na66  4f 0.073(1) 1/4 0.0050(4) 4.0(10)
Na67 de 3/4 0.0693(9) 0.9903(4) 3.0(10)
Na68  8g 0.571(1) 0.1736(6) 0.8361(3) 3.7(8)
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atom Uy Uz, Usy Upp Uz Uz
Int 0.019(2) 0.014(3) 0.019(2) 0.0 0.0 0.0

In2 0.019(2) 0.015(2) 0.026(2) 0.0 0.006(2) 0.0

In3 0.018(1) 0.014(1) 0.021(1) 0.001(1)  0.003(1) 0.004(1)
Ind 0.016(2) 0.020(2) 0.012(1) 0.0 0.000(1) 0.0

In 0.025(2) 0.017(2) 0.016(2) 0.0 0.0 0.002(2)
In6 0.018(1) 0.018(1) 0.015(1) 0.001(1)  0.002(1) 0.005(1)
In7 0.017(2) 0.020(2) 0.019(2) 0.0 0.0 0.003(2)
In 0.017(1) 0.017(1) 0.024(1) 0.003(1)  -0.004(1) 0.002(1)
In9 0.018(1) 0.019(1) 0.014(1) 0.001(1)  -0.000(1) -0.003(1)
In10 0.022(1) 0.015(1) 0.017(1) 0.0001)  -0.003(1) 0.000(1)
Inil 0.018(2) 0.014(2) 0.024(2) 0.0 00 -0.005(2)
Int2 0.020(1) 0.018(1) 0.017(1) 0003(1)  0.002(1) 0.001(1)
In3 0.023(1) 0.018(1) 0015(1)  -0005(1)  -0.002(1) 0.000(1)
Int4 0.024(2) 0.012(2) 0.018(2) 00 0.002(2) 0.0
Ini5 0.020(1) 0.014(1) 00201)  -0000(1)  -0.002(1) -0.002(1)
Int6 0.020(2) 0.020(2) 0.014(1) 00 00 0.002(2)
In17 0.025(3) 0.0173) 0.022(2) 00 00 0.0
Ini8 0.019(1) 0.017(1) 0026(1)  -0.0021)  -0.003(1) 0.000(1)
In19 0.021(2) 0.018(2) 0.034(2) 00 0.005(2) 0.0
n20 0.024(1) 0015(1) 0014(1)  -0002(1)  -0.001(1) -0.000(1)
In21 0.015(1) 0.014(1) 0.021(1) 0000(1)  -0.003(1) -0.001(1)
n22 0.018(2) 0.017(2) 0.022(2) 00 00 0.004(2)
In23 0.018(1) 0.015(1) 0.025(1) 00031)  0.002(1) -0.001(1)
In24 0.016(1) 0.014(1) 0.019(1) 0.002(1)  0.003(1) 0.003(1)
In25 0017(1) 0.016(1) 0.017(1) 00021)  0.003(1) 0.004(1)
n26 0.037(2) 0.018(2) 0.016(2) 00 00 0.002(2)
27 0.019(1) 0.019(1) 0.014(1) 0.0031)  -0.002(1) -0.005(1)
In28 0.017(1) 0.019(1) 0.018(1) 0.001(1)  -0.000(1) 0.003(1)
1n29 0.019(1) 0.017(1) 0.021(1) 0.003(1)  0.004(1) 0.001(1)
1n30 0.019(2) 0.015(2) 0.014(1) 00 0.003(1) 00

In31 0.019(1) 0.016(1) 0.022(1) 0.005(1)  0.004(1) 0.001(1)
In32 0.017(2) 0.019(2) 0.017(2) 00 00 0.005(1)
1n33 0.045(2) 0.015(2) 0.015(2) 00 0.0 0.000(1)
[n34 0.026(2) 0013(2) 0.017(2) 00 0.0 0.003(1)
In35 0.018(1) 0.021(1) 0020(1)  -0001(1)  0.001(1) 0.003(1)
In36 0.018(1) 0.022(1) 0.018(1) 00071)  -0.002(1) -0.002(1)
1n37 0.021(1) 0.020(1) 0.019(1) 0.0031)  0.003(1) 0.002(1)
In38 0.018(1) 0.021(1) 0.016(1) 0.0021)  -0.000(1) 0.000(1)
In39 0.021(1) 0.014(1) 0026(1)  -0.003(1)  0.005(1) -0.001(1)
140 0.026(1) 0.016(1) 0.017(1) 0005(1)  0.001(1) 0.001(1)
Ind1 0.021(1) 0014(1) 0.022(1) 0.000(1)  -0.000(1) -0.003(1)
In42 0.018(1) 0.014(1) 0.020(1) 00021)  0.003(1) 0.004(1)
In43 0.025(1) 0.016(1) 0.018(1) 0.003(1)  -0003(1) -0.001(1)
Ind4 0.020(1) 0.020(1) 0.016(1) 00031)  -0.001(1) -0.002(1)
1n45 0.019(2) 0.014(2) 0.023(2) 00 0.0 0.001(2)
Ind6 0.029(2) 0.013(2) 0.022(2) 00 0.0 0.000(2)
147 0.020(1) 0.019(1) 0.012(1) 0.005(1)  -0001(1) -0.001(1)
In48 0.023(1) 0.023(1) 0.021(1) 0000(1)  -0.003(1) 0.000(1)
1nd9 0.017(2) 0015(2) 0.017(2) 00 0.0 0.003(1)
nS0 0.025(2) 0.014(2) 0.012(2) 00 0.0 0.000(1)
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atom Uy Uz, Uss Uiz Uiz Uz
InS1 0.031(2) 0.012(2) 0.023(2) 00 0.0 0.001(2)
In52 0.025(2) 0.040(3) 0038(2)  -00012)  -0.007(2) 0011(2)
In53 0.02(1) 0.02(1) 0.02(1) 00 0.00(1) 0.0

NiA 0.012(4) 0.010¢4) 0.009(4) 00 0.0 0.0
InAl 0.13(1) 0.025(3) 0.096(5)  -00194)  0.020(4) 0.0303)
InA2 0.12(1) 0.19(2) 0.086(3) 0.000 -0.081(7) 0.0
InA3 0.077(6) 0.114(8) 0.25(1) 0066(6)  0.013(8) 0.036(8)
InA4 0.054(5) 0.132(8) 0.136(7)  -00345)  -0.041(5) 0.048(6)
InAS 0.232) 0.054(7) 0.048(5) 00 0.075(7) 00
InA6 0.18(1) 0.060(4) 0.047(3) 0025(6)  -0.044(5) 0.036(3)
NiB 0.020¢4) 0.016(4) 0.001(3) 00 0.0 0.0
InB1 0.124(3) 0.1023) 0.183(4) 00323)  0.111(3) 0.090(3)
InB2 0.15(1) 033(2) 0.015(4) 00 0.0 0.0
InB3 0.29(2) 0.046(5) 037(1) 00487)  -0.10(1) 0.083(7)
InB4 0.17(1) 0.18(1) 0.19(1) 0.15(1) 0.13209) 0.08(1)
[nBS 0.031(4) 0.18(1) 0.129(7) 00 0.022(5) 0.0
InC1 0.035(2) 0.048(3) 0.048(2) 00 0.008(2) 0.0
InC2 0.0623) 0.034(3) 0.057(3) 00 0.0 0.008(2)
InC3 0.055(2) 0.0993) 0.1333)  -0034@2)  0.021(Q2) 0.035(3)
InC4 0.44(2) 0.048(4) 0.089(5) 00 0.0 0.018(4)
InCS 0.47(2) 0.153(8) 0.065(4) 00 0.0 0.041(5)
InC6 0.068(6) 0.76() 0.037(4) 00 0.037(4) 0.0
InC7 0.13(1) 0.60(2) 0.29(1) 007(1) -0.01(1) 0.35(1)
Nal -0.003(4)

Na2 0.03(1) 0.02(1) 0.02(1) 00 00 0.007(9)
Na3 0.025(4)

Nad 0.03(1) 0.06(1) 0.02(1) 00 0.007(9) 00

Na$ 0.02(1) 0.02(2) 0.02(1) 00 00 0.0

Na6 0.04(2) 0.06(2) 0.01(1) 00 0.0 0.0

Na7 0.028(7) 0.024(7) 0047(7)  0021(7)  -0.015(7) 0.011(7)
Na8 0.04(2) 0.03(2) 0.02(1) 00 0.00 0.0

Na9 0.02(1) 0.06(2) 0.04(1) 00 0.00 0.00(1)
Nal0 0.03(1) 0.03(1) 0.017(9) 0.0 00 0.006(9)
Nail 0.030(7) 0.034(8) 0017(6)  -0.000(8)  -0.004(6) 0.013(6)
Nal2 0.04(1) 0.01(1) 0.05(1) 00 0.00 0.00(1)
Nal3 0.06(1) 0.03(1) 0.03(1) 00 0.02(1) 0.0
Nal4 0.031(8) 0.042(9) 00226) 0011 -0.0196) 0.001(6)
Na1s 0.03(1) 0.06(2) 0.05(1) 00 0.00(1) 0.0
Na16 0.04(1) 001(1) 0.017(9) 00 0.0 0.006(7)
Nal7 0.03(1) 0.04(1) 0.04(1) 00 0.00 0.01(1)
Nal8 0.02(1) 0.03(1) 0.03(1) 00 00 0.01(1)
Na19 0.02(1) 0.06(1) 0.03(1) 00 0.00 0.00(1)
Na20 0.0439) 0.036(9) 0.023(7) 0005@®)  0.009(6) 0.003(7)
Na2l 0.004(8) 0.02(1) 0.04(1) 00 0.0 0.006(9)
Na22 0.036(8) 0.06(1) 00076)  -00018)  -0.007(6) 10.005(6)
Na23 0.020(4)
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atom Uy Ux Uiz Uiz Uys Uz
Na24 0.027(7) 0.0370) 00568)  -00108)  -0.014(7) 0.000(8)
Na25 0.03(1) 0.02(1) 0.06(1) 00 0.00 -0.01(1)
Na26 0.07(1) 0.03(1) 0.008(8) 0.0 0.00(1) 0.0
Na27 0.05(1) 0.01(1) 0.03(1) 00 0.00 0.011(8)
Na28 0.03(1) 0.02(1) 0.03(1) 0.0 0.0 0.001(9)
Na29 0.02(1) 0.02(1) 0.04(1) 00 0.016(9) 0.0
Na30 0.06(1)

Na31 0.05(1) 0.07(2) 0.04(1) 00 0.00 0.03(1)
Na32 0.01(1) 0.04(2) 0.03(1) 0.0 00 00
Na33 0.020(7) 0.06(1) 0.019(6) 00138)  0.003(5) 0.008(7)
Na34 0.03(1) 0.04(1) 0.03(1) 0.0 0.0 -0.00(1)
Na3s 0.02(1) 0.02(1) 0.08(1) 00 0.01(1) 0.0
Na36 0.04(1) 0.03(1) 0.05(1) 0.0 0.0 -0.00(1)
Na37 0.023(8)

Na38 0.06(1) 0.04(1) 0.02(1) 00 0.01(1) 0.0
Na39 0.07(2) 0.01(2) 0.05(2) 0.0 0.0 0.0
Nad0 0.039(8) 0.015(7) 0048(8)  -0007%7)  -0.011(7) -0.005(7)
Nad1 0.041(9) 0.05(1) 0.039(8) 00109)  -0.001(7) 0.010(7)
Na42 0.04(1) 0.05(1) 0029 -00148)  0.010(7) -0.014(7)
Na43 0.07(1) 0.01(1) 0.03(1) 00 0.00(1) 0.0
Nad4 0.029(3) 0.027(3) 00570) 0002y  -0.009(7) 0.004(7)
Nads 0.05(1) 0.05(1) 0.02(1) 00 0.02(1) 0.0
Nad6 0.034(8) 0.04(1) 0038(3)  -0.0018)  0.000(7) 0.003(7)
Nad7 0.008(9) 0.04(1) 0.04(1) 00 0.00 -0.00(1)
Na48 0.06(1) 0.04(1) 00166)  -0.0079)  -0.003(7) -0.001(6)
Na49 0.035(3) 0.033(3) 0025(7)  -0.004B8)  0.000(6) 0.003(6)
Nas0 0.03(1) 0.002(9) 0.04(1) 0.0 0.014(9) 00
Nas1 0.037(7)

Nas2 0.021(7) 0.046(9) 0029(7)  -00058)  -0.003(6) 0.015(7)
Nas3 0.05(1) 0.02(1) 0.03(1) 00 0.00(1) 00
Nas4 0.042(8) 0.039(9) 0.027(7) 0.0078)  0.001(7) 0.002(7)
Nas5 0.07(2) 0.07(2) 0.04(1) 0.00 0.00 0.01(1)
Nas6 0.05(1) 0.029(8) 0.040(8) 0.0068)  0.001(7) 0.013(7)
Nas7 0.03(1) 0.02(1) 0.04(1) 00 0.00 0.01(1)
Nas8 0.043(9) 0.06(1) 0.025(7) 00199)  0.014(6) 0.003(7)
Nas9 0.03(1) 0.06(2) 0.02(1) 00 0.00 0.02(1)
Na60 0.05(1) 0.06(2) 0.005(8) 00 00 0,00(1)
Na61 001(1) 0.04(2) 0.05(2) 0.0 0.00 0.0
Na62 0.034(8) 0.04(1) 0.029(7) 0.0068)  0.002(6) 0.008(7)
Na63 0.045(9) 0.10(1) 0.012(6) 0.03(1) -0.006(6) 10.007(8)
Na64 0.06(1) 0.07(1) 0.019(7) 0.03(1) 0.017(7) 0.011(7)
Na65 0.050(9) 0.04(1) 0.025(7) 00158)  0.012(7) 0.006(7)
Na66 0.08(2) 0.02(1) 0.04(1) 0.0 0.03(1) 0.0
Na67 0.03(1) 0.06(2) 0.03(1) 00 0.00 0.01(1)
Na68 0.04(1) 0.024(8) 0.07(1) 00018)  0.011(8) -0.005(8)
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Table 1V, Distances to nearest neighbors about each atom in Na_,4,In_;o;Ni, (d < 4.00 A)
Inl Ins In8 Inll In15
2 In30 2.986(6) In17 2961(4) In12 3.143(4) In32 3.036(5) In7  3.121(4)
2 In34 2.932(4) 2 In37 3.052(4) In18 3.020(3) 2 In37 3.097(4) In13  2.954(4)
Ind6  3.061(6) In28 3.059(3) 2 Indd 3.044(3) Inl5 3.089(5)
4 Nal4 3.40(1) In35 3.077(3) In36 2977(3)
2 NadS 3.42(2) Na9 3.60(2) Nal8 3.62(2) Ind6  3.046(4)
2 NaS9 3.51(2) Na34 3.40(2) Nal8 3.60(1) 2 Na20 3.26(1)
2 Na38 3.44(2) Na22 3.32(1) Na3l 3.62(2) Nal5 3.41(1)
In2 2 Nadd 341(1) Na24 3.50(1) Na34 3.59(2) Na23 3.62(1)
2 Na68 3.44(1) Nad2 3.58(1) 2 Nad2 3.50(1) Na30 3.507(2)
In2  3.016(7) Nad6 3.37(1) Na34 3.60(2)
2 In3  3.005(3) In6 Nad8 3.37(1) In12 Nad44 3.46(1)
In17 3.041(6) Na55 3.41(1) Na52 3.66(1)
In6  3.0434) Na58 3.50(1) I3 3.0193) Na65 3.37(1)
2 Na29 3.56(2) In10 3.044(3) In8  3.143(4)
Na26 3.37(2) In28 2.967(4) In9 In18 3.122(4) Inl6
2 Na27 3.47(2) Ind7 2.975(4) In28 3.017(3)
Na35 3.32(2) In9 3.018(4) In37 3.024(4) In7  3.091(5)
2 Na68 3.49(2) Nal7 3.34(2) In27 2.974(3) 2 In29 3.064(3)
Nal9 3.34(2) In34 3.041(4) Na9 3.52(1) 2 In39 3.107(4)
In3 Na21 3.42(2) Ind7 2.986(4) Nal8 3.56(1)
Na22 3.39(1) Na24 3.71(1) Na2 3.57(2)
In2  3.005(3) Na28 3.32(2) Na3 3.52(1) Nad2 3.46(1) Na23 3.30(2)
In12 3.0193) Nad2 3.56(1) Nald 3.41(1) NaS6 3.45(1) 2 Na33 3.27(1)
In18 3.074(3) Na59 3.49(2) Nal6 3.42(1) Na63 3.32(1) Na36 3.53(2)
In23  2.994(3) Na63 3.55(2) Nal9 3.37(2) Na68 3.37(1) 2 Na52 3.60(1)
Nadl 3.40(1)
Na9 3.54(1) In7 Na54 3.33(1) In13 In17
Na24 3.41(1) Na59 3.55(2)
Na26 3.41(1) 2 Inl5 3.121(4) Na62 3.35(1) Inl3 29034) 2 In2 3.041(6)
Na27 3.36(8) In16 3.092(5) Inl5 2954(4) 2 In5 2.961(4)
Na35 3.31(1) 2 In36 3.033(3) In10 In19 3.116(4)
NaSé 3.43(1) In20 2932(4) 2 Na9 3.592)
Na64 3.49(1) Na23 3.35(2) In6  3.0443) Ind0 3.121(3) 2 Na38 3.49(2)
Na68 3.48(1) Na3l 3.47(2) In21  2.979(3) 4 Na68 3.49%(1)
2 Na33 3.25(1) In30 3.000(3) Nal5 3.50(2)
Ind Na34 3.61(2) Ind7 3.025(3) Na23 3.30(1) In18
2 Na$2 3.64(1) Na30 3.235(2)
Ind  3.030(7 Nal4 3.25(1) Na39 3.69(2) I3 3.074(3)
Inl4 2.955(5) Na20 3.42(1) Na$2 3.47(1) In8  3.0203)
2 Ind2 3.0204) Na2l 3.466(8) Na65 3.52(1) Inl2 3.1224)
Na22 3.32(1) In18 3.047(5)
Nad 3.50(2) Na29 3.38(1) In14
Na8 3.62(2) Nad2 3.56(1) Na9 3.65(2)
2 Nad7 3.30(2) Na53 3.27(1) Ind  2955(5) Nal8 3.57(2)
2 Nad9 3.55(1) Na59 3.548(9) 2 In20 2.935(3) Na24 3.49(1)
2 NaS7 3.46(2) 2 Ind3 3.144(4) Na27 3.37(2)

Nad  3.49(2)
Na39 3.56(2)

2 Nad9 3.49(1)

2

Na57 3.34(1)

Nad8 3.41(1)
NaS5 3.42(2)
Na64 3.47(1)
Na67 3.29(2)
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In19

2 In13 3.116(4)

2 Ind0 2.938(3)
In53 2.75(2)
InCt 2.887(6)

Nal5 3.55(2)
Na37 3.58(2)
2 Na60 3.37(1)
2 Na65 3.53(1)

In20

In13 2.932(4)
Ini4 2.935(3)
In39 2.925(3)
In40 3.159(3)
Ind3 3.112(3)

Nall 3.54(1)
Na23 3.29(1)
Na39 3.574(6)
Nad9 3.56(1)
Na52 3.48(1)
Na57 3.39(1)

In21

In10 2.979(3)
In21 3.043(S5)
In32 2.999(3)
In35 3.077(4)

Na§ 3.42(1)
Na6 3.37(1)
Na20 3.40(1)
Na22 3.32(1)
Na29 3.40(1)
Nad2 3.64(1)
Nad3 3.57(2)
Na53 3.29(2)

In22

2 In28 3.006(3)
Ind9  2.971(5)
In51 3.119(6)

Nal7 3.35(2)
2 Na24 3.42(1)
Na28 3.26(2)
2 Na56 3.53(1)
2 Na58 3.43(1)

In23

In3  2.994(3)
In23 2.981(5)
Ind8 3.146(4)
Ind9  2.980(3)

Na24 3.36(1)
Na26 3.39(1)
Na35 3.28(2)
NaSt 3.53(1)
Na56 3.43(1)
Na61 3.35(1)
Na64 3.42(1)
Na66 3.46(2)

In24

In25 2.990(3)
In27 3.070(4)
In29 2.916(3)
Indl 3.032(3)

Na3 3.523(9)
Na7 3.45(1)
Nal0 3.344(8)
Natl 3.53(1)
Na33 3.54(1)
Nad0 3.38(1)
Na52 3.39(1)
Na62 3.37(1)

~

In25

In24 2.990(3)
In25 3.028(5)
Ind2  2.980(4)
InS0 3.040(4)

Na3 3.55(2)
Na7 3.35(1)
Nag8 3.524(7)
Nal0 3.43(2)
Nad0 3.30(1)
Nad7 3.42(1)
NaS0 3.378(8)
Na62 3.41(1)

In26 ~

In33  2.982(5)
In39 3.067(4)
In52 3.337(5)

Na2 3.41(2)
Na7 3.58(1)
Nad7 3.12(2)
Nad9 3.67(1)
Na$7 3.27(2)

In27

In9 2.974(3)
In24 3.070(4)
In36 2.943(3)
Indl  3.024(4)

Na3 3.53(1)
Nalé 3.328(7)
Na33 3.51(1)
Nadl 3.43(1)
Na52 3.39(1)
Na54 3.37(1)
Na62 3.37(1)
Na65 3.53(1)

In28

In6  2.967(4)
I8  3.059(3)
In12 3.017(3)
In22 3.006(3)

Nal7 3.36(1)
Na22 3.39(1)
Na24 3.38(1)
Na28 3.38(1)
Nad2 3.54(1)
NaS6 3.43(1)
Na58 3.51(1)
Na63 3.49(1)

In29

In16 3.064(3)
In24 2.916(3)
In31 3.0193)
In39 2.993(3)
In52 3.408(6)

Na2 3.26(1)
Na7 3.47(1)
Nall 3.59(1)
Na33 3.48(1)
Na36 3.59(1)
Nad0 3.29(1)
Na52 3.58(1)

In30

Inf  2.986(5)

2 Inl0 2.996(3)

In30 3.059(7)

2 Nal4 3.29(1)
2 Na2l 3.38(1)

Na29 3.41(2)
Na53 3.22(2)

2 Na$59 3.50(2)

NN

L2

In31

In29 3.019(3)
In38 2.989(4)
Ind2  2.925(3)
Ind5 3.056(3)
In52 3.392(5)

Na2 3.27(1)
Nad 3.605(9)
Na7 3.48(1)
Nal3 3.482(9)
Na36 3.60(1)
Nad0 3.30(1)
Nad9 3.55(1)

In32

Inll 3.036(5)
In21 3.000(3)
In35 3.119¢4)

Na5 3.56(1)
Na6 3.76(1)
Nal8 3.54(2)
Na20 3.30(1)
Nad2 3.51(1)

In33

In26 2.982(5)
In38 3.066(4)
In52  3.340(5)

Na2 3.44(2)
Na7 3.59(1)
Nal0 3.11(2)
Nall 3.65(1)
Na25 3.25(2)

In34

Inl  2.932(4)
In9  3.041(4)
In50  2.925(5)

Na3  3.49(2)
Nald 3.40(1)
Nad5 3.43(1)
Na59 3.50(2)
Na62 3.35(1)
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Na55 3.40(2)
In36

In7  3.033(3)
Inls 2.977(3)
In27 2.943(3)
Ind4 3.043(4)

Na3l 3.57(2)
Na33 3.44(1)
Na34 3.28(1)
Nadl 3.38(1)
Nadd 3.44(1)
Na52 3.63(1)
Na54 3.23(1)
Na65 3.60(1)

In37

In5  3.052(4)
Inll 3.097(4)
Inl2 3.024(4)
In37 3.078(5)
Indd  3.049(4)

Na9 3.49(2)
Nal8 3.63(2)
Na34 3.68(1)
Nad2 3.49(1)
Nadd 3.46(1)
Na63 3.29(1)
Na68 3.30(1)

Nad49 3.38(1)
In39

Int6 3.107(4)
In20 2.925(3)
In26 3.067(4)
In29 2.993(3)
In39 3.036(5)
In52 3.380(5)

Na2 3.56(2)
Nall 3.40(1)
Na23 3.57(1)
Nad9 3.55(1)
Na52 3.63(1)
Na57 3.47Q2)

In40

Inl3 3.121(3)
In19 2.938(3)
In20 3.159(3)
Indl  2.959(3)
Ind3  2.932(4)
In53 2.83(1)

Nall 3.46(1)
Na25 3.35(1)
Na37 3.655(6)
NaS2 3.46(1)
Na60 3.31(1)
Na65 3.45(1)

Na65 3.54(1)
Ind2

Ind  3.020(4)
In25 2.980(4)
In31 2925(3)
Ind2  3.079(5)

Nad  3.46(1)
Na7 3.45(1)
Na8 3.547(8)
Nal3 3.55(2)
Nad0 3.39(1)
Nad7 3.325(9)
Nad9 3.50(1)
Nas0 3.33(1)

In43

Inl4 3.144(4)
In20 3.112(3)
In38 2.933(4)
Ind0  2.932(4)
Ind3  2.950(5)
InS3 2.82(2)

Nad 3.45(1)
Nall 3.51(1)
Na25 3.44(1)
Na32 3.34(1)
Na37 3.65(1)
Nad9 3.53(1)

[ )

SN 5]

Na63 3.46(1)

Ind5

In31 3.056(3)
In38 3.108(4)
Ind5  3.050(7)

Na2 3.592)
Nad 3.57(2)
Nal3 3.30(2)
Na32 3.3002)
Na36 3.51(2)

Ind6

In5  3.061(6)
Inl5 3.046(4)
Ind6  2.943(7)

Nal5 3.62(2)
Na30 3.60(5)
Na34 3.36(2)
Na38 3.42(2)
Nad4 3.42(1)

Table IV. (continued)
In35 In38 Indl In44 In47
In8  3.077(3) In31  2.989(4) In24 3.032(3) Inll 3.044(3) In6  2975(4)
In21 3.077(4) In33 3.066(4) In27 3.024(4) In36 3.043(4) In9 2.986(4)
32 3.119(4) n38 3.037(5) Ind0  2.959(3) In37 3.049(4) In10 3.025(3)
I35  3.022(5) Ind3 2.933(4) Indl  3.049(5) Ind7  2.919(3) Ind4  2919(3)
Ind5 3.108(4)
Na6  3.521(5) In52 337705 Na3  3.56(2) Na20 3.44(1) Nal4 3.36(1)
Na12 3.38(2) Nal0 3.33(1) Na31 3.61(1) Nal9 3.37(1)
Nal8 3.66(2) Na2 3.60(1) Nall 3.53(1) Na34 3.25(1) Na20 3.53(1)
Na22 3.26(1) Nad 3.582(9) Nalé 3.28(1) Nadl 3.43(1) Nadl 3.44(1)
Nad2 3.67(1) Nalf1 3.53(1) Na25 3.43(2) Na42 3.57(1) Nad2 3.55(1)
Nad3 3.58(1) Na25 3.49(2) Na52 3.42(1) Nadd 3.38(1) Na54 3.33(1)
Nad6 3.31(1) Na32 3.553(6) Na60 3.50(2) Na54 3.30(1) Na59 3.56(1)

Na63 3.50(2)
Ind8

In23 3.146(4)
Ind8 3.126(5)
In49 3.181(4)
In51 3.083(4)

Nal2 341()
Na24 3.49(1)
Nadé 3.31(1)
Nad8 3.36(1)
Na61 3.554(8)
Na64 3.39(1)
Na66 3.33(1)

In49

In22 2971(5)
In23  2.980(3)
Ind8 3.181(4)
InS1 3.184(5)

Na24 3.53(1)
Na51 3.41(1)
Na56 3.37(1)
Na61 3.45(1)
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Table 1V. (continued)
In50 NiA InA3 InA6 InB2
2 In25 3.040(4) 4 InAl 2.711(6) NiA 2.801(8) NiA  2.700(8) NiB  2.64(1)
In34  2.925(5) 2 InA2 2.74(1) InAl 2.10(1) InAl 3.208(9) 4 InB3 3.22(1)
InSO 2.948(7) 4 InA3 2.801(8) InAl 297(1) InAl 3.338(9) 4 InB4 2.76(1)
4 InAd 2.750(7) InA2 2.30(1) InA3 3.06(1) 2 InB5 3.11(1)

Na3 3.53(2) 2 InAS 2.68(1) InA3 3.22(2) InA3 3.66(1)

Na8 3.44(2) 4 InA6 2.700(8) InA4 1.46(1) InAd 2.16(1) 2 Na27 3.26(2)
2 Nad5 3.37(2) InA4 3.02(1) InAd 2.94(1) 2 Na35 3.18(2)
2 Na50 3.39(1) InAl InAS 3.14(1) InA4 3.35(1)

2 Na62 3.40(1) InA6 3.06(1) InA4 3.90(1) InB3
NiA 2.711(6) InA6 3.66(1) InA6 0.88(2)
InS1 InAl 097(1) InA6 3.01(1) NiB  2.645(8)
InA2 3.70(1) Na33 3.74(2) InA6 3.13(1) InB1 2.68(1)

In22 3.119(6) InA2 3.13(1) Nad0 3.63(2) InB1 3.37(1)
2 Ind8 3.083(4) InA3 2.10(1) Nad5 3.76(2) Nas  3.61(2) InB2 3.22(1)

Ind9  3.184(5) InA3 2.97(1) NaS4 3.27(2) Na20 3.08(1) inB3 1.40(3)

InA4 3.02(1) Na62 3.40(1) Na20 3.59(1) InB4 1.60(2)

2 Na24 3.55(1) InA4 3.67(1) Na29 3.72(2) InB4 2.78(2)

2 Nad8 3.38(1) InAS 3.074(8) InA4 Na3l 3.61(2) InB5 3.09(1)
2 Na58 3.40(1) InA5 3.334(9)

Nab67 3.26(2) InA6 3.208(9) NiA  2.750(7) NiB Nad6 3.95(2)

InA6 3.338(9) InAl 3.021) Na58 3.03(2)

In52 InAl 3.67(1) 4 InBl 2.685(5) Na58 3.81(2)

Na31 3.56(2) InA2 3.18(1) InB2 2.64(1) Naé4 3.57(2)

6 3.337(5) Na33 3.05(1) InA3 1.46(1) 4 InB3 2.645(8) Na67 3.18(2)

In29 3.408(6) Na33 3.62(1) InA3 3.02(1) 4 InB4 2.67(1)

In31 3.392(5) Na36 3.50(2) InAd 2.17(1) 2 InB5 2.699(8) InB4

In33 3.340(5) Nad0 3.91(1) InA6 2.16(1)

In38 3.377(5) Na54 3.93(1) InA6 2.94(1) InB1 NiB  2.67(1)

In39 3.380(5) InA6 3.35(1) InB1 2.94(1)

In52 3.104(8) InA2 InA6 3.90(1) NiB  2.685(6) InB2 2.76(1)

InB1 2.944(9) InB3 1.60(2)

Na2 3.14(1) NiA  2.74(1) Nal4 3.41(1) InBl 2.954(9) InB3 2.78(2)

Na7 3.48(1) 2 InAt 3.70(1) Na20 3.84(1) InB3 2.68(1) InB4 2.96(3)

Na7 3.51(1) 2 InAl 3.13(1) Na29 3.47(2) InB3 3.37(1) InB4 3.70(3)

Nad9 3.95(1) 2 InA3 230(1) Nad5 3.77(2) InB4 2.94(1) InB5 1.68(2)

2 InA4 3.18(1) NaS4 3.35(2) InBS 3.141(9)
Ins3 InAS 2.95(2) Na35 3.66(2)
InAS 1.33(2) InAs Na2l 3.78(2) Nad6 3.29(2)

In19 2.75(2) Na22 3.04(1) Na58 3.90(2)
2 Ind0 2.83(1) Nai3 3.38Q2) NiA  2.68(1) Na28 3.36(2) Na64 2.86(2)
2 Ind3 2.822) 2 Nado 3.38(1) 2 InAl 3.074(8) Nad3 3.66(2) Na66 3.74(3)

InS3 2.72(4) Na50 3.54(2) 2 InAl 3.334(9) Nad6 3.74(1)

InA2 2.95(2) Na53 3.39(2)

2 Na25 3.83(2) InA2 1.33(2) Na58 3.89(1)
Na32 3.69(3) 2 InA3 3.14(1)
Na37 1.36(2) InAS 1.733)

2 Na60 3.68(2)

2 Nal3 292(2)
2 Na36 3.65(2)
2 Nad0 3.70(1)
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Table IV. (continued)
InBS InC4 Nal Na5 Na9
NiB  2.699(8) InC2 2911(8) 2 InCl 3.52(2) 4 In21 3.42(1) In2  3.56(2)
2 InB1 3.141(9) 2 InC3 3.493(6) 2 InC2 3.47(1) 2 In32 3.56(1) In3  3.54(1)
InB2 3.11(1) InC5 3.13(1) 4 InC3 3.282(6) 4 InA6 3.61(2) In5  3.60(2)
2 InB3 3.09(1) 2 InC7 2.58(2) 2 InC4 3.409(7) In12 3.52(1)
2 InB4 1.68(2) 2 InC5 3.28(2) Na6 3.53(3) In17 3.59(2)
Nal 3.409(7) 2 InC6 3.23(1) 4 Na20 3.86(1) In18 3.65(2)
Na35 3.62(2) Nal7 3.18(2) 4 InC7 3471) 2 Na29 3.33(2) In37 3.49(2)
Nad3 3.69(2) Nal9 3.28(2) ‘
2 Nad6 3.59(1) 2 Nad4l 3.70(1) Na2 Na6 Nal8 3.65(3)
2 Na64 3.92(2) 2 Na63 3.86(2) Na27 3.44(2)
Na66 2.89(2) Inl6 3.57(2) 4 In21 3.37(1) Na68 3.50(2)
InC5 In26 3.41(2) 2 In32 3.76(1)
InC1 2 In29 3.26(1) 4 In35 3.521(5) Nal0
InC4 3.13(1) 2 In31 3.27(1)
Inl9 2.887(6) InCS 2.80(2) In33 3.44(2) NaS 3.53(3) In24 3.344(8)
InC1 3.009(8) 2 InC6 3.290(9) 2 In38 3.60(1) 2 Nal2 3.84(3) In25 3.43(2)
2 InC2 3.151(5) 2 InC7 2.47Q2) 2 In39 3.56(2) 2 Nad3 3.49(2) In33 3.11(2)
2 InC3 3.036(6) In45 3.59(2) Indl 333(1)
Nal 3.28@2) 2 In52 3.14(1) Na7
Nal 3.522) Nal7 3.83(2) Na3 3.34(2)
Nal5 3.45(2) 2 Na26 3.96(2) Na36 3.36(2) In24 3.45(1) Na7 3.36(2)
2 Na60 3.49(2) Na51 3.32(2) In25 3.35(1) Nall 3.85(2)
2 Na65 3.59(1) 2 NaS6 3.31(1) Na3 In26 3.58(1) Na25 3.61(3)
In29 3.47(1)
InC2 InCé6 2 In9  3.52(1) In31 3.48(1) Nall
2 In24 3.523(9) In33 3.59(1)
2 InCl 3.151(5) 2 InC3 3.150(8) 2 In25 3.55(2) Ind2 345(1) In20 3.54(1)
2 InC3 3.149(5) 2 InC5 3.290(9) 2 In27 3.53(1) In52  3.48(1) In24 3.53(1)
InC4 2.911(8) 2 InC7 236(2) In34 3.49(2) In52 3.51(1) In29 3.59(1)
2 Indl 3.56(2) In33  3.65(1)
Nal 3.47Q1) Nal 3.23(1) InS0 3.53(2) Nal0 3.36(2) In38 3.53(1)
Nal6 3.12(2) Na26 3.16(2) Nall 3.40(2) In39 3.40(1)
2 Nadl 3.66(1) Na38 3.33(2) Nal0 3.342) Na47 3.38(2) Ind0 3.46(1)
Na60 3.32(2) 2 Na68 3.35(1) Nal6 331(2) Nad49 3.37(2) Indl  3.53(1)
2 Na65 3.64(1) 2 Nab2 3.38(2) Ind3 3.51(1)
InC7 Na§
InC3 Nad Na7 3.40(2)
InC3 2.83(1) 2 Ind 3.622) Naf0 3.85(2)
InC1 3.036(6) InC4 2.58(2) Ind  3.50(2) 4 In25 3.524(7) Na25 3.47(1)
InC2 3.150(5) InCS 2.47(2) Inl4 3.49(2) 4 Ind2 3.547(8) Nad9 3.79(2)
InC3 3.320(9) InC6 2.36(2) 2 In31 3.605(9) 2 In50 3.44(2) Na52 3.63(2)
InC4 3.493(6) InC7 3.95(3) 2 In38 3.582(9)
InCé6 3.150(8) 2 Ind2 3.46(1) 2 Nad7 3.38(2)
InC7 2.83(1) Nal 347%(1) 2 Ind3 3.45(1) 2 Na50 3.30(2)
Nal7 3.83(2) 2 Id5 3.57(2)
Nal 3.282(6) NaS6 3.32(2)

Nai5 3.59(2)
Na38 3.61(2)
Nadl 3.47(2)
Nadd4 3.01(1)
Na65 3.55(1)

Na63 3.11(2)
Na68 3.38(2)

Nal3 3.53(2)
Na32 3.43(2)
Nad9 3.66(2)
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Table IV, (continued)

Nal2 Nal$s Nal9 Na22 Na25
2 In35 3.38(2) 2 In13 3.50Q2) 2 In6  3.34(2) In6  3.39(1) In33 3.25@2)
2 Ind8 3.41(2) 2 Inl5 3.41Q) 2 In9 3.37(2) In8  3.32(1) 2 In38 3.49(2)
In19 3.55(2) 2 Ind7 33701 in10 3.32(1) 2 Ind0 3.35(1)
Na6 3.84(3) 2 Ind6 3.62(2) InC4 3.28(2) In21 3.32(1) 2 Indl 3.43(2)
Na12 3.40(3) InC1 3.45(2) In28 3.39(1) 2 Ind3 3.44(1)
2 Nad6 3.61(1) 2 InC3 3.59(2) Nal7 3.31(3) In35 3.26(1) 2 In53 3.8B3(2)
Na55 3.40(3) 2 Nadl 3.40(2) InB1 3.04(1)
2 Na66 3.94(2) Na30 3.62(2) Na59 3.39(3) Nal0 3.61(3)
Na38 3.44(3) 2 Na63 3.93(2) Na21 3.93(1) 2 Nall 347(1)
Nal3 2 Na65 3.74(2) Na28 3.49(1) Na37 3.58(2)
Na20 Nad2 3.31(2) Na60 3.99(2)
2 In31 3.482(9) Nal6 Nad3 3.79(2)
2 Ind2 3.55(2) Inl0 3.42(1) Nad6 3.61(2) Na26
2 Ind5 3.30(2) 2 In9 3.42(1) Inl1 3.26(1) Na53 3.42(1)
InA2 3.38(2) 2 In27 3.328(7) In21 3.40Q1) Na58 3.92(2) In2  337Q2)
InA5S 2.92(2) 2 Indl 3.28(1) In32 3.30(1) 2 In3  341Q)
InAS 3.93(2) InC2 3.12(2) Ind4 3.44(1) Na23 2 In23 3.39(1)
Ind7 3.53(1) 2 InC5 3.96(2)
Nad 3.53(2) Na3 3.31(2) InA4 3.84(1) In7  3.35(2) InC6 3.16(2)
Nal3 3.98(d) 2 Nadl 3.47Q2) InA6 3.08(1) 2 Inl3 3.30(1)
2 Na36 3.81(2) Na60 3.73(3) InA6 3.59%(1) 2 Inl5 3.62(1) Na51 3.35(2)
2 Nad0 3.35(2) 2 Naé65 3.85(2) Inl6 3.30(2) 2 Na56 3.38(1)
NaS0 3.76(2) Nas 3.86(2) 2 In20 3.29(1) 2 Na68 3.40(2)
Nal? Nal4 3.89(2) 2 In39 3.57(1)
Nal4 Na20 3.85(3) Na27
2 In6  3.34(Q2) Na29 3.38(1) Na30 3.86(2)
Inl  3.40(1) In22 3.35(2) Na3l 3.82(2) Na39 3.40(2) 2 In2  347(1)
In9 341(1) 2 In28 3.36(1) Nad2 3.49(2) 2 Na52 3.52(1) 2 In3  3.362(8)
In10 3.25(1) InC4 3.18(2) Na54 3.42(2) 2 Inl8 3.37Q2)
In30 3.29(1) InCS 3.83(2) Na24 InB2 3.26(2)
In34 3.40(1) 2 InC7 3.83(2) Na2l
Ind7 3.36(1) In3  341(1) Na9 3.44(2)
InAd 3.41(1) Nal9 3.31(3) 2 In6  3.42(2) In8  3.50(1) Na27 3.99(3)
2 Na56 3.39(2) 2 Inl0 3.466(8) In12 3.71(1) 2 Na35 3.35(2)
Nal4 3.86(3) 2 Na63 3.41(1) 2 In30 3.38(1) In18 3.49(1) 2 Na64 3.81(2)
Na20 3.89(2) 2 InBl 3.78(2) In22 3.42(1) Na67 3.64(3)
Na29 3.29(2) Nal8 In23 3.36(1)
Nad5 3.36(2) Na2l 3.78(3) In28 3.38(1) Na28
NaS4 3.34(2) 2 In8  3.60(1) 2 Na22 3.93(1) In48 3.49(1)
Na59 3.37(2) Inll 3.62(2) Na28 3.25(2) Ind9 3.53(1)
Na62 3.83(2) 2 Inl12 3.56(1) 2 Na53 3.36(2) In51 3.55(1) 2 In6  3.32(1)
2 Inl8 3.572) Na59 3.36(2) In22 3.26(2)
In32 3.54(2) Nad8 3.86(2) 2 In28 3.38(1)
2 In35 3.66(2) Na56 3.46(2) 2 InBl 3.36(2)
2 In37 3.63(2) Na58 3.36(2)
Na64 3.28(2) Na2l 3.25(2)
Na9 3.65(3) 2 Na22 3.49(1)
2 Nad2 3.60(2) 2 Na58 3.33(2)

Na55 3.48(3)
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Table 1V. (continued)
Na29 Na33 Nal6 Nad0 Na42
2 Ini0 3.38(1) In7  3.25(1) Ini6 3.53(2) In24 3.38(1) In6  3.56(1)
2 In21 3.40Q1) Inl6 3.27(1) 2 In29 3.59(1) In25 3.30(1) In8  3.58(1)
In30 341(2) In24 3.54(1) 2 In31 3.60(1) In29 3.29(1) In10 3.56(1)
2 InAd 347(2) In27 3.51(1) Ind5 3.51Q2) In31 3.30(1) Inl1 3.50(1)
2 InA6 3.72(2) In29 3.48(1) 2 InAt 3.502) Ind2 3.39(1) In12 3.46(1)
In36 3.44(1) 2 InAS 3.65(2) InAl 3.91(1) In21 3.64(1)
Na$ 3.33(2) InAl 3.05(1) © InA2 3.38(1) In28 3.54(1)
2 Nal4 3.29(2) InAl 3.62(1) Na2 3.36(2) InA3 3.63(2) In32 3.51(1)
2 Na20 3.38(1) InA3 3.74(2) 2 Nal3 3.81(2) InAS 3.70(1) In35 3.67(1)
2 Na33 3.86(2) In37 3.49(1)
Na30 Na3l 3.79(2) 2 Nad0 3.36(1) Nal3 3.35(Q2) Ind4 3.57(1)
Na33 3.95(2) Na33 3.41(2) Ind7 3.55(1)
4 Inl3 3.235(2) Na36 3.86(2) Na37 Na36 3.36(1)
4 Inl5 3.507(2) Nad0 3.41(2) Na50 3.29(2) Nal8 3.60(2)
2 Ind6 3.601(5) Na$52 3.44(2) 2 In19 3.58(2) Na62 3.29(2) Na20 3.49(2)
Na54 3.32(2) 4 Ind0 3.655(6) Na22 3.31(2)
2 NalS 3.62(2) Na62 3.83(2) 4 Ind3 3.65(1) Nadl Na63 3.56(2)
2 Na23 3.86(2) 2 In53 1.36(2)
Na39 3.33(3) Na34 In9 3.40(1D Nad3
2 Na2§ 3.58(2) In27 3.43(1)
Na3l In5 3.39(2) Na32 3.44@4) In36 3.38(1) 2 In21 3.57(1)
In7  3.61(2) 2 Na60 3.4003) Ind4  3.43(1) 2 In35 3.58(1)
In7 347Q2) Inlt 3.59(2) Ind7 3.44(1) 2 InB1 3.66(2)
Inll 3.62(2) 2 InlS 3.60(2) Na3i8 InC2 3.66(1) InBS 3.69(2)
2 In36 3.57Q2) 2 In36 3.28(1) InC3 3.47(2)
2 Indd 3.61(1) 2 In37 3.68(1) 2 In5 3.45(1) InC4 3.70(1) Na6 3.49(2)
2 InAl 3.56(2) 2 Indd 3.25(1) In1l7 3.49(Q2) 2 Na22 3.79(2)
2 InA6 3.61(2) Ind6 3.36(2) 2 Ind6 3.42(2) Nalé 3.47(2) 2 Nad6 3.47(2)
2 InC3 3.61(2) Nal9 3.40(2) NasS3 3.22(3)
2 Na20 3.82(2) Na31l 3.40(3) InC6 3.33(2) Nad4 3.33(2)
2 Na33 3.79(2) 2 Nadd 3.21(2) Na63 3.40(2) Nadd
Na34 3.40(3) Nal5 3.44(3) Na65 3.38(2)
2 Na54 3.31(1) Na3s 2 Nad4 3.39(1) In5 341(1)
2 Na68 3.43(2) Inl5 3.46(1)
Na32 In2  3.32(2) In36 3.44(1)
2 In3  3.31(1) Na39 In37 3.46(1)
4 In38 3.553(6) 2 In23 3.28(2) Ind4 3.38(1)
4 Ind3 3.34(1) InB2 3.18(2) 4 Inl3 3.69(2) In46  3.42(1)
2 Ind5 3.30(2) 2 InB4 3.66(2) 2 Inl4 3.56(2) InC3 3.01(1)
2 In53 3.69(3) InBS 3.62(2) 4 In20 3.574(6)
Na34 3.21(2)
2 Nad 3.43(2) 2 Na27 3.35(2) 2 Na23 3.40(2) Na38 3.39(1)
Na37 3.44(4) 2 Na64 3.34(2) Na30 3.33(3) Nadl 3.33(2)
Na66 3.52(3) 2 Na57 3.45Q3) Na63 3.85(2)

Na68 3.91(2)
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Table IV. (continued)
Nad5 Nad8 NaS1 Nasd Na57
Inl  3.412) In8  3.37(1) 4 In23 3.53(1) 9 3.33(1) 2 Ind  3.46(2)
2 In34 3.43(1) Inl8 3.41(1) 2 Ind9 3.41(1) In27 3.37(1) 2 Inl4 3.34(1)
2 In50 3.37Q2) Ind8 3.36(1) 2 InCS 3.32(2) In36 3.23(1) 2 In20 3.39(1)
2 InA3 3.76(2) InS1 3.38(1) Ind4  3.30(1) In26 3.27(2)
2 InAd 3.77(2) 2 Na26 3.352) Ind7 333(1) 2 In39 3.47(2)
Na24 3.86(2) 4 NaS6 3.88(1) InAl 393(1)
2 Nald 3.36(2) Nad6 3.57(2) Na6l 3.43(4) InA3 3.27(2) Na39 3.4503)
Na50 3.28(2) Nad8 3.52(3) InA4 3.35(2) Nad7 3.63(2)
2 Na62 3.30(1) NaS5 3.32(2) Na52 2 Nad9 3.51(1)
NaS8 4.00(2) Nal4 3.34(2)
Nad46 Na67 3.54(2) In7  3.64(1) Na20 3.42(2) Na$S8
In13 347(1) Na3!l 3.31(1)
In8  3.37(1) Na49 Inl5 3.66(1) Na33 3.32(2) In8  3.50(1)
In35 3.31(1) Inl6 3.60(1) Na62 3.32(2) In22 3.43(1)
Ind8 3.31(1) Ind  3.55(1) In20 3.48(1) In28 3.51(1)
InB1 3.74(1) Int4 3.49(1) In24 3.39(1) Na55 In51 3.40(1)
InB3 3.95(2) In20 3.56(1) In27 3.3%(1) InB1 3.89(1)
InB4 3.29(2) In26 3.67(1) In29 3.59(1) 2 In8  3.41(1) InB3 3.03(2)
InB5 3.59(1) In31 3.55(1) In36 3.63(1) 2 In18 3.42(2) InB3 3.81(2)
In38 3.38(1) In39 3.63(1) 2 In35 3.40(2) InB4 3.90(2)
Nal2 3.61(1) In39 3.55(1) Ind0  3.46(1)
Na22 3.61(2) Ind2 3.50(1) Indl 3.42(1) Nal12 3.40(3) Na22 3.92(2)
Nad3 347(2) Ind3  3.53(1) Nal8 3.48(3) Na24 3.36(2)
Nad8 3.57(2) In52 3.95(1) Nall 3.63(2) 2 Nad8 3.32(2) Na28 3.33(2)
Na58 3.49(2) Na23 3.52(1) Na67 4.00(3) Nad6 3.49(2)
Na64 3.64(2) Nad 3.66(2) Na33 3.44(2) Nad8 4.00(2)
Na66 3.61(2) Na7 3.37(2) Na65 3.64(2) Na56 Na58 3.79(3)
Nall 3.79(2) Na67 3.64(2)
Nad7 Nad7 3.84(2) Na53 I3 3.43(1)
Na57 3.51(1) In12 3.45(1) Nas9
2 Ind  3.30(2) 2 In10 3.27(1) In22 3.53(1)
2 In25 3.42(1) Nas0 2 In21 3.29Q2) In23 3.43(1) Inl  3.51(2)
26 3.12(2) In30 3.22(2) In28 3.43(1) 2 In6  3.49Q2)
2 Ind2 3.32509) 2 In25 3.378(8) 2 InBl 3.39(2) Ind9 3.37(1) 2 In9 3.55(2)
2 Ind2 3.33(1) InC5 3.31(1) 2 Inl0 3.54709)
2 Na7 3.38(2) 2 InS0 3.39(1) 2 Na2i 3.36(2) InC7 3.32(2) 2 In30 3.50(2)
Na8 3.38(2) InA2 3.54(2) 2 Na22 3.42(1) In34 3.50(2)
2 Nad9 3.84(2) Nad3 3.22(3) Nal7 3.39(2) 2 Ind7 3.56(1)
Na57 3.63(2) Na8 3.30(2) Na24 3.46(2)
Nal3 3.76(2) Na26 3.38(1) 2 Nald 3.37(2)
2 Nad0 3.29(2) NaSl 3.88(1) Nal9 3.39(3)
Nad5 3.28(2) Na56 3.97(3) Na21 3.36(2)
2 Na62 3.92(2) Na63 3.83(2)
Na68 3.90(2)
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Table 1V, (continucd)
Na60 Na63 Naé65 Naé68
2 In19 3.37(1) In6  3.55(2) In13 3.52(1) In2  3.48(1)
2 Ind0 3.31(1) In12 3.32(1) In15 3.37(1) In3 3.48(1)
2 Indl 3.50Q2) In28 3.49(1) In19 3.53(1) InS 3.44(1)
2 In53 3.68Q2) In37 3.29(1) In27 3.53(1) In12 3.37(1)
2 InCl 349Q2) Ind4 3.46(1) In36 3.60(1) In17 3.49(1)
InC2 3.32(2) Ind7 3.50(2) Ind0  3.45(1) In37 3.30(1)
InC4 3.86(2) Indl  3.54(1) InC6 3.35(1)
Nal6 3.73(3) InC7 3.11(2) InC1 3.59(1) InC7 3.39(2)
Na25 3.99(2) InC2 3.64(1)
Na37 3.4003) Nal7 3.41(1) InC3 3.55(1) Na9 3.50(2)
2 Nab65 3.54(2) Nal9 3.93(2) Na26 3.40(2)
Nadl 3.40(2) Nal5 3.74(2) Na38 3.43(2)
Na61 Na42 3.56(2) Nal6 3.85(2) Nad4 3.91(2)
Nad44 3.85(2) Nadl 3.38(2) Na56 3.90(2)
4 In23 3.35(1) Na56 3.83(2) Na52 3.64(2) Na63 3.84(2)
4 Ind8 3.554(8) Na68 3.84(2) Na60 3.54(2) Na68 3.99(3)
2 Ind9 3.45(1)
Na64 Na66
Na51 3.43(4)
2 Na66 3.23(3) In3  3.49(1) 2 In23 3.46(2)
Inl8 3.47(1) 2 Ind8 3.33(1)
Na62 In23 3.42(1) 2 InB4 3.74(3)
Ind8 3.39(1) InB5 2.89(2)
In9  3.35(1) InB3 3.57(2)
In24 3.37(1) InB4 2.86(2) 2 Nal2 3.94(2)
In25 3.41(1) InB5 3.92(2) Na35 3.52(3)
In27 3.37(1) 2 Nad6 3.61(2)
In34 3.35(1) Na24 3.28(2) Na61 3.23(3)
InS0  3.40(1) Na27 3.81(2) 2 Na64 3.88(2)
InA3 3.40(1) Na35 3.34(2)
Nad6 3.64(2) Na67
Na3 3.38(2) Na66 3.88(2)
Nal4 3.83(2) Na67 3.53(2) 2 Inl8 3.29(2)
Na33 3.83(2) InS1  3.26(2)
Nad0 3.29(2) 2 InB3 3.18(2)
Nad5 3.30(1)
Na50 3.92(2) Na27 3.64(3)
Na54 3.32(2) 2 Nad8 3.54(2)
Na55 4.00(3)
2 NaS8 3.64(2)
2 Na64 3.53(2)
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Figure 1. A general view of the unit cell of Na_,;,In_;¢7Ni2 approximately along the a
axis (c is vertical). The Inqg and In,g fullercnes are shown as two large spheres.
All In~In bonds Iess that 4.00 A between the spheres are drawn.
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Figure 2. A nearly [100] view of the Inqq fullerene with C,, symmetry (the 2-fold axis is
vertical). It has a pseudo Ds;, symmetry (as C;,) with the pseudo 5-fold axis
approximately along the view direction. (30% thermal ellipsoids)




Figure 3.

A nearly [010] view of the In,g fullercne with C,, symmetry (the 2-fold axis is
vertical). It has pseudo D,p, symmetry (as one of the Cqg isomers, sce text) with
the pscudo 3-fold axis approximately along the view direction (through the
hexagons made of In6, 9, 47 and a mirror plane). The two lower pentagons are
parts of two nido-In;; (shown left and right). The exo bonds from the
icosahedra provide connectivity to Inqg fullerenes. In19 provides connection to
InC1 (labeled as C1) which is part of encapsulated 2-bonded indium cluster (not
shown). In53 and Na37 (open bonds) are refined with occupancies of 30(2) and
85(5)%, respectively. (30% thermal ellipsoids)
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Figure 4. An enlarged section of the unit cell of Na_;4,In_,97Ni, (near z = 1/2) where two

layers of fullerenes are connected through exo indium atoms and form a double
layer .
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Figure 5. Inqg () and In4q (b) shown separated with the nido-In;; and nido-Inl4,
respectively, "attached” to them. The exo indium atoms (labeled) provide the
connectivity between two layers of fullerenes. Two mirror planes through the
centers of the spheres are defiend by Ind, 14, and by In26, 33, respectively.




Figure 6.

{
An enlarged section of the unit cell of Na_;4,In_,g;Ni, near z = 0 where four spheres from one layer (top, one In4, in
the back can not be seen) approach two spheres from another layer (the bottom section). The bonds within the
hexagonal and triangular formations of exo indium atoms are drawn as open lines.

Loy



Figure 7.
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A nearly [100] view of the Mg, fullerene (C,, symmetry, reduced from the ideal
I;,) of 48 indium and 12 sodium (crossed) atoms. The six edges of Nal2 and
Nad8 near the waist (open bonds) are shared with six other Mg, cages. All six
pentagons that do not contain sodium atoms are shared with six fullerenes, four
In,g and two Inq,. The two-fold axis (¢ axis) is vertical. (30% thermal
ellipsoids)




Figure 8.
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A condensed view of the unit cell along approximately [100] (the same as in
Figure 1). Straight rows of fullercnes of each type run parallel to the a axis.
The rows of Iny, and In,g altemate along the b axis (horizontal) and form close-
packed but puckered layers that stack on top of each other. Layers of Mg fill
the space between every other pair of Iny, and In,g layers, and assume the same
wave-like pattern. The order of the stacking is ABAu where B is the Mg,
position and u marks the omitted indium exo atoms (see text),




D

Figure 9. A condensed view of the unit cell along approximately [010]. The rows of
cequivalent-sized fullerenes parallel to the a axis (horizontal) can be seen. Also,
the stacking of the layers of fused Iny, and Inqg on top of each other is clear.
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Figure 10. A condensed projection of the unit cell along the ¢ axis. Notice that the layers

of fused Inyj and In,g as well as the ones of Mg, between them are close-
packed, although puckered.
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Figure 11,

A view of the In4q fullerene (open circles, solid bonds) together with all nearest
sodium atoms interconnected (shaded circles, open bonds). All 37 pentagonal
and hexagonal faces of the fullerene are capped from inside and outside by
sodium atoms. The sodium atoms inside form a 37-atom deltahedron (triangular
faces only). Each of the 70 triangular faces of that deltahedron are capped by
In,
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Figure 12,

A vicw of the In,g fullerene (open circles, solid bonds) together with all ncarest
sodium atoms interconnected (shaded circles, open bonds). All 41 faces of the
fullerenc are capped from inside by 39 sodium and 2 indium (In19) atoms which
form 41-atom closo deltahedron if the inside indiums are included, or a 39-atom
arachno deltahedron if they are not. All In,q faces capped from inside are
capped from the outside by sodium atoms as well. Each of the 78 triangular
faces of the 41-atom closo deltahedron are capped by the atoms of the fullerene,
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Figure 13.

A view of the Mg, (InygNa,,) fullerenc (In-open circles, Na-shaded circles)
together with all nearest sodium atoms interconnected (shaded circles). All 32
pentagonal and hexagonal faces of the fullerene are endo- and exo-capped by
sodium atoms. The sodium atoms inside form the 32 atom deltahedron marked
with open lines. All 60 triangular faces of that deltahedron are capped by atoms
of the fullercne from outside :






Figure 15.
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The 50% probability thermal cllipsoids for the encapsulated clusters centered by
a) NiA, b) NiB and c) Nal with neighbors interconnected. Notice that the Nal-
centered cluster (c) is 2-bonded with exo bonds to In19 which, in tumn, are
bonded to the In,g fullerene. It is clear that many such "atoms" are too close to
each other.
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Figure 16. a) The geometry of a reasonable 10-atom model for the Ni(A)-centered cluster
(50% thermal ellipsoids) compared with that of b) In;gNi'% cluster (94% thermal
ellipsoids) found in K,olnloNi.Z(’ Both are tetracapped trigonal prisms (verticai).
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Figure 17. A 10-atom model for the NiB-centered cluster with reasonable In—In distances.
Its geomeltry is similar to that of the model for the NiA-centered cluster (Figure
16a) as well as to the InmNi'O' cluster in KglnyoNi (Figure 16b). All are
tetracapped trigonal prisms,
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4,00

-4.00

Figure 18. A plot (8 x 8 A) of the electron density near Nal calculated from F_ .. The
plane is defined by InC4, InC6 and InC7 (Fig. 15c). The refined atoms at the
clectron density maxima are labeled. The contour interval is 2 e/A3,
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Figure 19. A plot (8 x 8 A) of the electron density ncar Nal calculated from F,,.. The
plane is defined by InC4, InCS5 and InC7 (Fig. 15c). The refined atoms at the
electron density maxima are labeled. The contour interval is 2 e/A3.




Figure 20.
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a) The geometry of a 16-atom model for the 2-bonded Nal-centered cluster with
reasonable In—In distances, b) a similar 12-bonded closo-In¢ found in
Na,sln,, .2

15°*27.4




Figure 21,

422

The positioning of the sodium atoms (shaded ellipsoids) around the isolated
clusters (crossed ellipsoids) inside Inqg.  All "five-bonded" (open bonds) sodium

atoms are right above "openings" in the electron density on the surface of the
clusters. (94% thermal ellipsoids)



Figure 22.
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=z —

The positioning of the sodium atoms (shaded ellipsoids) around the isolated
clusters (crossed ellipsoids) inside Mgy All "five-bonded" (open bonds) sodium

atoms are right above "openings" in the electron density on the surface of the
clusters. (94% thermal ellipsoids)
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Figure 23, The positioning of the sodium atoms (shaded cllipsoids) around the isolated
clusters (crossed ellipsoids) inside Inqg. All "five-bonded” (open bonds) sodium
atoms are right above "openings" in the electron density on the surface of the
clusters. (94% themal ellipsoids)
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Figure 24,

All of the "five-bonded" sodium atoms (shaded ellipsoids) around: a) the NiA-
centered cluster, b) the NiB-centered cluster, c) the Nal-centered cluster. These
lie radially above islands of nearly zero electron density on the indium cluster
(crossed ellipsoids). Open lines drawn between the central atoms and the sodium
atoms intersect those islands.
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SUMMARY AND FUTURE WORK
General concepts

With the previous 12 papers on hand, we can deduce some general trends for the solid
state chemistry of indium with negative oxidation states.

Firstly, we have to recognize the element’s remarkable ability to form covalent
homoatomic bonds. Moreover, this covers the range from 3-bonded all the way to 7-bonded
atoms. This diversity of bonding states, of course, leads to a wide range of network structures.
The proper energy separation of the s and p levels of indium is apparently responsible for the
element’s ability to form isolated clusters with stabilized lone pairs on the vertices and thence
the applicability of Wade’s (modified) rules. In addition, covalent bonding to third element
makes possible the existence of centered clusters as well as substitution of indium atoms.

Secondly, we have to notice the quite contrasting structural behavior of indium compared
to that of gallium. With one exception of a recently synthesized Ni-centered Ga,, cluster (not
structurally characterized yet), no isolated clusters of the latter have been found. Although quite
extensive, the networks of gallium contain only relatively small clusters that very often have
partially occupied sites. Also, there is a tendency to form fused clusters, something very unusual
for indium. (Only one compound, CsgNa,glnsg, has been found with two fused icosahedra.)

Thirdly, we should mention the ability of indium to imitate to some extend the structural
chemistry of the tetralides when properly charged. The indium network in Naln, as one
example, is of a diamond type. Other examples are the indium tetrahedra found in Na,In similar
to the tin tetrahedra in NaSn. And a third example is the formation of fullerene-type cages of

indium analogous to the well known carbon fullerenes.
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Future work

As far as isolated clusters of indium are concemed, there are two structurally unfinished
projects. The first one is a compound with approximate composition of "KgIn;,(Cu or Au)".
The partial refinement of the structure shows that it contains Cu(Au)-centered clusters of In;,
similar to the Ni-centered clusters. The problem is that a superstructure with quite large lattice
parameters (in the order of 70 to 200 A) is formed, and data collection and refinement would be
nearly impossible with the available instrumentation. The second compound is with approximate
formula "Na,yIn; o(Ni, Pd or Pt) and from the partial refinement of the structure (either C-
centered orthorombic or primitive monoclinic) looks like it contains Ni(Pd or Pt)-centered
Clusters of Inj,. The problem is that all of the inspected crystals were twins or even maybe
triplets. Perhaps different reaction conditions and subsequent inspection of large number of
crystals would provide a single crystal.

Although theoretically it seems unfavorable, different approaches to form indium clusters
centered by Co, Fe, Mn etc. should be undertaken. One such strategy would be to form a binary
M,In, intermetallic compound and use it as a precursor for the reaction with a proper alkali
metal (the best bet would be potassium).

As far as new networks of clusters (some may be of novel sizes) are concemed, efforts
should be concentrated on sodium and to some extend on potassium as countercations.

Rubidium and cesium, in general, form a thermodynamically very stable compound A,In;, and
the possibility of a temary compound seems very slim. Nevertheless, in addition to AzNa,Ing,
new compounds, one in the Cs—Na—In system (CsgNa,;glnsg) and one in the Rb—In—Au systems,
have been isolated. The structure of the first one has been solved fairly well (it contains fused
icosahedra) while the second one (F-centered cubic) seems to have MgCu,-type structure with

icosahedra at the Cu positions and some kind of Au-centered clusters at the Mg positions.
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Another phase with partially refined network-like structure, the only noncharacterized
compound in the K~In system, has an approximate formula "KIn" (F-centered cubic). Again, it
has MgCu,-type structure with icosahedra at the Cu positions but problems at the Mg positions.

Two structure types in terary compounds need some more work. One is a structure in
the Na=In=(Ge, Sn or Pb) systems (primitive hexagonal). It has been refined partially for the
Ge derivative and has been assigned as isostructural with a structure in the Na—In~Zn system,
but it may not be exactly the same. The second one is in the K=In—(Sn or Pb) systems
(primitive hexagonal). From a partial refinement it looks like a derivative of the structure of

Ky,Ingg but of a lower symmetry.
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