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passive particles from collisions with active components and the irreversible attractive

interaction that hold the structure together against further collisions. Interestingly, the

growth rate of the cluster is linear during the initial stages, and is non-monotonic with

respect to the packing fraction of the active particles. There is an optimal packing

fraction of the active bath that yield the most e�cient assembly from a competition

between the enhancement of collision rate and crowding e↵ect.
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Figure 5.10: Active self-assembly in passive-active mixtures. The passive particles
interact with a short-ranged attraction, and the active bath constitutes of self-propelled
particles. Top left: The snapshots show the fractal structures of passive networks from
self-assembly in the plane of �r and �g. Top right: average cluster size as a function of
time for various rotational noise. Bottom left/right: average cluster size as a function

of time for various �g while �r = 0.3.
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Jülicher. The influence of cell mechanics, cell-cell interactions, and proliferation

on epithelial packing. Current Biology, 17(24):2095–2104, Dec 2007.

[31] R. Aditi Simha and Sriram Ramaswamy. Hydrodynamic fluctuations and instabil-

ities in ordered suspensions of self-propelled particles. Phys. Rev. Lett., 89:058101,

July 2002.

[32] A. P. Berke, L. Turner, H. C. Berg, and E. Lauga. Hydrodynamic attraction

of swimming microorganisms by surfaces. Phys. Rev. Lett., 101(038102):038102,

2008.

[33] M. Leoni and T. B. Liverpool. Hydrodynamic synchronization of nonlinear oscil-

lators at low reynolds number. Phys. Rev. E, 85:040901(R), April 2012.

[34] Felix C. Keber, Etienne Loiseau, Tim Sanchez, Stephen J. DeCamp, Luca Giomi,

Mark J. Bowick, M. Cristina Marchetti, Zvonimir Dogic, and Andreas R. Bausch.

Topology and dynamics of active nematic vesicles. Science, 345:1135–1139, 2014.



Bibliography 99

[35] Arshad Kudrolli, Geo↵roy Lumay, Dmitri Volfson, and Lev S. Tsimring. Swarming

and swirling in self-propelled polar granular rods. Phys. Rev. Lett., 100:058001,

Feb 2008. doi: 10.1103/PhysRevLett.100.058001.

[36] G. S. Redner, M. F. Hagan, and A. Baskaran. Structure and dynamics of a phase-

separating active colloidal fluid. Phys. Rev. Lett., 110:055701, 2013.

[37] Xingbo Yang, M. Lisa Manning, and M. Cristina Marchetti. Aggregation and seg-

regation of confined active particles. Soft Matter, page DOI: 10.1039/c4sm00927d,

2014.

[38] Christoph A. Weber, Yen Ting Lin, Nicolas Biais, and Vasily Zaburdaev. Forma-

tion and dissolution of bacterial colonies. arXiv:1506.01200, 2015.

[39] Jens Elgeti and Gerhard Gompper. Wall accumulation of self-propelled spheres.

Europhys. Lett., 101:48003, Feb 2013.

[40] V. Narayan, S. Ramaswamy, and N. Menon. Long-lived giant number fluctuations

in a swarming granular nematic. Science, 317:105–108, 2007.

[41] A. Baskaran and M. C. Marchetti. Self-regulation in self-propelled nematic fluids.

Eur. Phys. J. E, 35:95, July 2012.

[42] G. Duclos, S. Garcia, H. G. Yevick, and P. Silberzan. Perfect nematic order in

confined monolayers of spindle-shaped cells. Soft Matter, 10:2346–2353, Oct 2014.

[43] Shashi Thutupalli, Mingzhai Sun, Filiz Bunyak, Kannappan Palaniappan, and

Joshua. W. Shaevitz. Phase transitions during fruiting body formation in myxo-

coccus xanthus. arXiv:1410.7230, 2014.

[44] Marta Fontes and Dale Kaiser. Myxococcus cells respond to elastic forces in their

substrate. PNAS, 96(14):8052–8057, 1999.

[45] Antoine Bricard, Jean-Baptiste Caussin, Nicolas Desreumaux, Olivier Dauchot,

and Denis Bartolo. Emergence of macroscopic directed motion in populations of

motile colloids. Nature, 503:95–98, November 2013.

[46] H. C. Berg. E. coli in Motion. Springer, New York, 2004.

[47] C M Lo, H B Wang, M Dembo, and Y L Wang. Cell movement is guided by the

rigidity of the substrate. Biophys. J., 79(1):144–152, 2000.

[48] Ulrich S. Schwarz and Samuel A. Safran. Physics of adherent cells. Rev. Mod.

Phys., 85:1327, August 2013.



Bibliography 100
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[126] B. M. Mognetti, A. Šarić, S. Angioletti-Uberti, A. Cacciuto, C. Valeriani, and

D. Frenkel. Living clusters and crystals from low-density suspensions of active

colloids. Phys. Rev. Lett., 111(24):245702, Dec 2013.

[127] Yaouen Fily, Aparna Baskaran, and Michael F. Hagan. Dynamics of self-propelled

particles under strong confinement. arXiv:1402.5583, Feb 2014.

[128] Lorenzo Di Michele, Francesco Varrato, Jurij Kotar, Simon H. Nathan, Giuseppe

Fo�, and Erika Eiser. Multistep kinetic self-assembly of dna-coated colloids. Na-

ture Communications, 4(2007), June 2013.

[129] Sho Asakura and Fumio Oosawa. On interaction between two bodies immersed in

a solution of macromolecules. The Journal of Chemical Physics, 22(1255), 1954.

[130] Giorgio Cinacchi, Yuri Mart́ınez-Ratón, Luis Mederos, Guillermo Navascués,

Alessandro Tani, and Enrique Velasco. Large attractive depletion interactions

in soft repulsive–sphere binary mixtures. The Journal of Chemical Physics, 127

(214501), 2007.

[131] Zorana Zeravcic, Vinothan N. Manoharan, and Michael P. Brenner. Size limits

of self-assembled colloidal structures made using specific interactions. PNAS, 111

(45):15918–15923, 2014.

[132] Gabriel S. Redner, Aparna Baskaran, and Michael F. Hagan. Reentrant phase

behavior in active colloids with attraction. Phys. Rev. E, 88:012305, July 2013.

[133] Joakim Stenhammar, Raphael Wittkowski, Davide Marenduzzo, and Michael E.

Cates. Activity-induced phase separation and self-assembly in mixtures of active

and passive particles. Phys. Rev. Lett., 114:018301, Jan. 2015.

[134] Ran Ni, Martien A. Cohen Stuart, Marjolein Dijkstra, and Peter G. Bolhuis.

Crystallizing hard-sphere glasses by doping with active particles. Soft Matter, 10:

6609–6613, 2014.

[135] Harder J, Mallory SA, Tung C, Valeriani C, and Cacciuto A. The role of particle

shape in active depletion. J. Chem. Phys., 141(19):194901, 2014.

[136] Chantal Valeriani, Martin Li, John Novosel, Jochen Arlt, and Davide Marenduzzo.

Colloids in a bacterial bath: simulations and experiments. Soft Matter, 7:5228,

April 2011.



Bibliography 107

[137] Manuel Camargo and Christos N. Likos. Unusual features of depletion interactions

in soft polymer-based colloids mixed with linear homopolymers. Phys. Rev. Lett.,

104:078301, 2010.

[138] BUY: 28.00RENT :4.00 Tyler N. Shendruk, Martin Bertrand, James L. Harden,

Gary W. Slater, and Hendrick W. de Haan. Coarse-grained molecular dynamics

simulations of depletion-induced interactions for soft matter systems. J. Chem.

Phys., 141:244910, 2014.

[139] Lorenzo Rovigatti, Nicoletta Gnan, Alberto Parolad, and Emanuela Zaccarellicb.

How soft repulsion enhances the depletion mechanism. Soft Matter, 11:692–700,

2015.



;LQJER�<DQJ

'HSDUWPHQW�RI�3K\VLFV
6\UDFXVH�8QLYHUVLW\
6\UDFXVH� 1< ����� 8�6�$�

3KRQH� ������������
(PDLO� [\DQJ��#V\U�HGX
ǠǝǗ� KWWS���DVQHZV�V\U�HGX�QHZVHYHQWVB�����UHOHDVHV�;LQJERB<DQJB3UR¿OH�KWPO

,K\JH[PVU

����ĥ���� 3K�'��LQ�3K\VLFV� 6\UDFXVH�8QLYHUVLW\
����ĥ���� %�$��LQ�-RXUQDOLVP� )XGDQ�8QLYHUVLW\
����ĥ���� 8QGHUJUDGXDWH�LQ�0DWHULDOV�6FLHQFH� )XGDQ�8QLYHUVLW\

9LZLHYJO�,_WLYPLUJLZ

����ĥ���� 3K�'��&DQGLGDWH�LQ�7KHRUHWLFDO�6RIW�&RQGHQVHG�0DWWHU�3K\VLFV� 6\UDFXVH�8QLYHUVLW\
6XSHUYLVRU� 0��&ULVWLQD�0DUFKHWWL
7RSLFV� 0RGHOLQJ�RI�&ROOHFWLYH�3KHQRPHQD�LQ�6RIW�$FWLYH�0DWWHU

����ĥ���� 5HVHDUFK�$VVRFLDWH�DW�6RIW�,QWHUIDFHV�,*(57��6\UDFXVH�8QLYHUVLW\
7RSLFV� %DFWHULDO�0HFKDQRVHQVLQJ�RI�&RPSUHVVHG�+\GURJHOV

-DQĥ0D\����� 5HVHDUFK�$ɷOLDWH�DW�.DYOL�,QVWLWXWH�IRU�7KHRUHWLFDO�3K\VLFV� 8QLYHUVLW\�RI�&DOLIRUQLD�
6DQWD�%DUEDUD
7RSLFV� $FWLYH�0DWWHU� &\WRVNHOHWRQ� &HOOV� 7LVVXHV�DQG�)ORFNV

;LHJOPUN�,TWSV`TLU[

6XPPHU����� /HFWXUHU�RI�(OHFWURPDJQHWLVP�IRU�XQGHUJUDGXDWH� 6\UDFXVH�8QLYHUVLW\
)DOO���������� /DE�7$ RI�0DMRU�&RQFHSWV�RI�3K\VLFV�IRU�XQGHUJUDGXDWH� 6\UDFXVH�8QLYHUVLW\
6SULQJ������)DOO
����

5HFLWDWLRQ�7$ RI�&ODVVLFDO�0HFKDQLFV�IRU�XQGHUJUDGXDWH� 6\UDFXVH�8QLYHUVLW\

4LU[VYPUN

���� 7UDLQHG�D�JUDGXDWH�VWXGHQW�WR�SHUIRUP�DFWLYH�PROHFXODU�G\QDPLFV�VLPXODWLRQ

�

mailto:xyang14@syr.edu
http://asnews.syr.edu/newsevents_2014/releases/Xingbo_Yang_Profile.html


-LSSV^ZOPWZ�HUK�.YHU[Z

-DQĥ0D\����� $ɷOLDWH�JUDQW�IURP�.DYOL�,QVWLWXWH�IRU�7KHRUHWLFDO�3K\VLFV� 8QLYHUVLW\�RI�&DOLIRUQLD�
6DQWD�%DUEDUD

0U]P[LK�HUK�*VU[YPI\[LK�;HSRZ� 7VZ[LYZ

0DUFK����� ;�<DQJ� 0��&ULVWLQD�0DUFKHWWL� ³+\GURG\QDPLFV�RI�7XUQLQJ�)ORFNV´� FRQWULEXWHG�WDON
DW�$36 0DUFK�PHHWLQJ� 6DQ�$QWRQLR� 7;

'HF����� ;��<DQJ� ³0RGHOLQJ�RI�$FWLYH�6\VWHPV� IURP�SDUWLFOHĥEDVHG�VLPXODWLRQ�WR�FRQWLQXXP
WKHRU\´� LQYLWHG�WDON�DW�0D[�3ODQN�,QVWLWXWH�IRU�3K\VLFV�RI�&RPSOH[�6\VWHPV� 'UHVGHQ�
*HUPDQ\

'HF����� ;�<DQJ� 0��&ULVWLQD�0DUFKHWWL�³+\GURG\QDPLFV�RI�7XUQLQJ�)ORFNV´� VRXQGELWH�DW�1HZ
<RUN�&RPSOH[�0DWWHU�:RUNVKRS� ,WKDFD� 1<

-XQH����� ;��<DQJ�0��/LVD�0DQQLQJ�0��&ULVWLQD�0DUFKHWWL�³$JJUHJDWLRQ�DQG�VHJUHJDWLRQ�RI�FRQĥ
¿QHG�DFWLYH�SDUWLFOHV´� RUDO�SUHVHQWDWLRQ�DW�³��WK�&ROORLG�DQG�6XUIDFH�6FLHQFH�6\PSRĥ
VLXP´� 3KLODGHOSKLD� 3$

0DU����� ;��<DQJ� 0��/LVD�0DQQLQJ� 0��&ULVWLQD�0DUFKHWWL� ³$JJUHJDWLRQ�DQG�6HJUHJDWLRQ�RI
&RQ¿QHG�$FWLYH�3DUWLFOHV´� FRQWULEXWHG�WDON�DW�$36 0DUFK�PHHWLQJ� 'HQYHU� &2

)HE����� ;��<DQJ�0��/LVD�0DQQLQJ�0��&ULVWLQD�0DUFKHWWL�³$JJUHJDWLRQ�DQG�VHJUHJDWLRQ�RI�FRQĥ
¿QHG�VHOIĥSURSHOOHG�SDUWLFOHV´� FRQWULEXWHG�WDON�DW�³.,73 FRQIHUHQFH� $FWLYH�3URFHVVHV
LQ�/LYLQJ�DQG�1RQOLYLQJ�0DWWHU´� *ROHWD� &$

$XJXVW����� ;� �<DQJ� 0��/LVD�0DQQLQJ� 0��&ULVWLQD�0DUFKHWWL� ³$JJUHJDWLRQ�DQG�6HJUHJDWLRQ�RI
&RQ¿QHG�$FWLYH�3DUWLFOHV´� SRVWHU�DW�³*RUGRQ�5HVHDUFK�&RQIHUHQFH� 6RIW�&RQGHQVHG
0DWWHU�3K\VLFV´� 1HZ�/RQGRQ� 1+

0DU����� ;��<DQJ� 'DYLGH�0DUHQGX]]R� 0��&ULVWLQD�0DUFKHWWL� ³3DWWHUQ�)RUPDWLRQ�LQ�*URZLQJ
3RODU�%DFWHULD´� FRQWULEXWHG�WDON�DW�$36 0DUFK�PHHWLQJ� %DOWLPRUH� 0'

-XO\����� ;��<DQJ� 'DYLGH�0DUHQGX]]R� 0��&ULVWLQD�0DUFKHWWL�³3DWWHUQ�)RUPDWLRQ�LQ�*URZLQJ
3RODU�%DFWHULD´� SRVWHU�DW�³%RXOGHU�VFKRRO�IRU�FRQGHQVHG�PDWWHU�DQG�PDWHULDOV�SK\VLFV�
SRO\PHUV�LQ�VRIW�DQG�ELRORJLFDO�PDWWHU´� %RXOGHU� &2

:JOVVSZ�HUK�>VYRZOVWZ

$XJXVW����� 6DQWD�%DUEDUD�$GYDQFHG�6FKRRO�RI�4XDQWLWDWLYH�%LRORJ\� 7KH�&RXUVH�RI�&HOOXODU�(YRĥ
OXWLRQ� 6DQWD�%DUEDUD� &$

-XOĥ$XJ����� %RXOGHU�VFKRRO�IRU�FRQGHQVHG�PDWWHU�DQG�PDWHULDOV�SK\VLFV� SRO\PHUV�LQ�VRIW�DQG�ELRĥ
ORJLFDO�PDWWHU� %RXOGHU� &2

'HF����� ��WK�1HZ�<RUN�&RPSOH[�0DWWHU�:RUNVKRS� ,WKDFD� 1<

:LY]PJL�[V�[OL�WYVMLZZPVU

$XJXVW����� &RĥFKDLU�RI�³6FLHQFH�6HVVLRQ��� 6TXLVK\�0DWHULDOV�DQG�%LRORJ\´�DW�*RUGRQ�5HVHDUFK
6HPLQDU�RQ�6RIW�&RQGHQVHG�0DWWHU�3K\VLFV� 1HZ�/RQGRQ� 1+

����ĥ���� 5HIHUHH�RI�(XURSK\VLFV�/HWWHUV�DQG�-RXUQDO�RI�6WDWLVWLFDO�3K\VLFV

�



7\ISPJH[PVUZ

���� ;��<DQJ�DQG�0��&��0DUFKHWWL� ³+\GURG\QDPLF�RI�WXUQLQJ�ÀRFNV´� DU;LY����������
���� ;LQJER�<DQJ� 0��/LVD�0DQQLQJ� 0��&ULVWLQD�0DUFKHWWL� ³$JJUHJDWLRQ�DQG�VHJUHJDWLRQ

RI�FRQ¿QHG�DFWLYH�SDUWLFOHV´� 6RIW�0DWWHU� ��� ����ĥ����Ī����ī
���� ;��<DQJ� '��0DUHQGX]]R� DQG�0��&��0DUFKHWWL� ³6SLUDO�DQG�QHYHUĥVHWWOLQJ�SDWWHUQV�LQ

DFWLYH�V\VWHPV´� 3K\VLFDO�5HYLHZ�(����� ������Ī����ī

*VTW\[H[PVUHS�ZRPSSZ

3URJUDPPLQJ�ODQJXDJHV� &��&��� &XGD� 3\WKRQ� -DYDVFULSW
&RPSXWDWLRQDO�VRIWZDUHV� 0DWKHPDWLFD� 0DWODE

�


