Three-dimensional imaging of liquid crystal structures and defects by means
of holographic manipulation of colloidal nanowires with faceted sidewaljg

] ’ .. .
Mavid Engstrom,” Rahul P. Trivedi,® %hrtin Persson,®® Mhttias Goksor,” ris A. Bertness®
and Wan 7. Smalyukh™**

Received 1st February 2011, Accepted 27th April 2011






A 1 v ~
to evaporate tle jsopropano_at ~4; °Cona ]otp _ate Ye ha_

v sXture cons;st;1p O¢ dye doped CLC and rods Was strred just ‘

be ore t‘]e CLC ce_ preparaton to , ‘prove t e qua,,ty o
d spers,on FC#M and po_ar,z g, 4Croscopy textures $'ow t at
e GaN nanow,re exerts targ entya_sur ace boundary cond,t,ons
on t'e qu,d crysta_ d,rector® ag ns para_e_ to ,t' and, ,nor
add, t,ona__oca dyrector d ,stort,ons appear on_y att’e rod s’ends
Fg, b and e w” e e stud,ed structures and de gcts g jaun
unperturbed
o pre g)te appearance ofd s_ocat,ons nc o_ester,c §¢ _ae®

Wecg e CL ces w,t ag§ia_ dMedra_ ag ¢ o ° and p_anar
¢ o_ester,c structure were tabr,cated by use o Jy 4 XY !c
g ass p.ates Ne substrates were spyn coate ~ wtk

SO_ut,on 0. po_y v,ny_a_co o_ » s in deonzed water aty ;-
R fO_Owed by}a ,rg shan oven h 27 °C \, WO types
0.Ce_s were used ece_s { ehr A coated substrates Were
assg tb_ed w,t no urt’et treay ent*w” 1€ r g ost ce_s t e
1Y coated substrates were "un,d,rectona_y Y rubbed w,tn
ave. Vet c_ot to C{orce t e_4qud crysta, oecues to agnpara_e_
to t'e rubb,rg d,rection «,?Ck es ape%l
us,1p AN spacers on one ecgl eo.tle ce_ and no spacers on e
oppos,te e e, e ce,_s were t'en __ed w,t a _1qu,d crysta and
sea_ed W,t epoxy Ye con ne ent oft e CLC ;nto tle we(g e
s Yaped ce_s prq | oted ac,e appearance o defects suc’ as
ds_ocat,ons and d,sc_,nat,ons‘wJ ¢! we ave' @ ed by, (eans
o .FC»M and c_ass, ‘ed accord ¥ to tle sc § te o K_e an and
Fryede '® In fe so ca_ed Ad sc_,nat,ons“t Y aterJa n d,rector
‘ed ;s non s,rgl uar because o.n beip para_e_to t'e de ct 4ne
Mo ,ts core¥so tat t e 1y u_ar,ty 48 observed on y Jn t €y '
ter,a_d,rector e_ds o.CLC" eyca_ ax,s c and t ort’ @ ona_to
bot' nandc Int'es d SCJnatlons"t et e_d S$TON STy UAr but
n and C drector e_ds are sypuar In X d,sc_,nat,ons* t e
S1g uarntes are found Jn n and t d,rector e_ds but not ,n e
c ‘ed

y jacroscope obsectve |

ce_s were prepared by ‘

2.2. ‘mtegrated optical setup for imaging and manipulation

‘{ 0y janpuate nanow,res" we Mave uty _,zed 0 rap '.c optyca_
weezers H‘ﬁv 33 Int e Hy setup Fg Ya co_y ated4' é‘
b _,nearypo_ar,zed Ytterb,u ddped ber_aser I8
" oton,cs A -; 1; ,sres,zed byate_escope tosg’ 'tyover T
t eact,ve area o ep ase ony spat,a~£ t' odu_ator Bou_der
Non_,near yste t Mave used -aser trap powers O 4 j‘ B

P

i § a_er, t an t”e CLC reag j 4 ent t res‘]o_d After be, 1

re ectedo e LM ebeg ¢ s coup_ed,ntot ebac aperture
008 g7 X olﬂ' ' 1 18,01 | ,CrosCope ob ectlve NA = ‘; Yoo b
trani jassion a} 5d B \ by us,rg asecond te escope \ e seni)nd
te_es ope lnt esica_ed; arrarg? ent a_so' ‘zg est ep ase
pro e encoded t”e L to t'e b;c ca_ pane o t e
o_(g 1§ s dsp_ayed on f'e ' LM
create trap patterns nt efoca_p_ane oft e' jcroscope ob}e tve
Adc 10, 4ITOr A& g ,a re ects t etrapp,rg aser bea nto

t ey t,croscope ob ect,ve W 1© trang t,ts Vi be £ Mt used (ot






rod ¢ Taped or need_e s Taped nanopart,c es a_g nyig W,t” e

d,rector to en ance t e response to externa_' g net,c feds
¥ Q,_ary e.astGtyy ‘ed{ated agy ent O¢ nanorods ,n CLCs
U optca_y tunab’e ¢ o_ester,c p,tc a &wed [or ac ,evlrg

rotat,on ofco_plda rods by' teans ofopt,ca_,,g t,nat,on



o Nen d,spersed il CLCs*{'e nanow,res or,ent a_org nr o,
tle equJ —1bf1‘J e_,co,da structure Fg . CAs e d o_esterJ
pltc decreases er t,n n,ty ng tat,c tot eused re_at,ve_y‘s ort
pltc Vauesogy w,t‘] e add t,on oft ed ' ra_ dopant abe
“t‘]e arg u_ar d str,but,on o nanow,re or,entat,ons broadens
Fg "‘a_t”org t ew,dtn ot edstr,but,on r? ans a ractjon

o, dg ree even or t'e CLC w,t . —4] Wy e reason grt'e
dystrybutyon broadenig 15 ¢ -y tlat tle transverse s,ze o t'e
nanow,re corresponds to a certaln arg u_ar tw,st o ft € equ,_,b

r,u | e_,colda] structure o ¢ #e CLC >4 : dg rees
P =4 ”‘t ls resu_ts na \y;a er e;t/tlc suppresslon oft e
arg uart er a_ uctuat,ons o t'e nano lre nt e CLQ ‘atr,
as cq pared to t e case o t e ne !at,c“ at" oy h tle co_o,da
nanow,re stl_a_g ns para,_e_tot eocanr correspond ¥ tot'e
center o,.t'e nanow,re
~ contro_and probe .’D nanow,re or,entat,ons and pos;t;ons
,n t'e CLC by use 0pa cqy b,nat,on of o_(g rap '.c optca_
tweezers wpr 41y at A= ;.4 13 ¥ opt,ca_ trang ‘,ss,onv 4CTOS
copy and a stepper' tOti contro__,rg t'e 5§ | P& S, vertyca_
pos;ton reagve to tle pane o, an obectyve wyt ”» TRy
prec;s;on For opt,ca_, an,pu. _at,on' one or two _aser traps are
pos,tyoned at t'e ends o’.a nanow,re and $en used to rotate and
v one,t qm.D In CLCs“fnanow,re or,entdt,on and pos;t;on d_org
t e e ca_ax;s are coup_ed to eac” ot’er trans at,on across t'e
c o_esterlc ayer§, 8 poss,b_e ony va rotat,on _lerg
Te! e_lcolda nr Fg. .and ydeo \ e andednesso tle
e4X and t'e rotat,on d,rect;on dete?: ne'weter e nanow{re
N ‘oves upward or downward ,ts trans_at,on away [Iq t e
y {scroscope ob ect,ve S typyca_y y easlert an toward , t¥due to t e
scatter, g (orces org Jnat,rg TrQi fle Ag e nanow,re CLC
refractlve ndex' 11y, atc‘ Y4 easured Vert,ca pos,t,on mof
a nanow,re a_ong e ! e_,x 1S a 4hear }unct,on of,ts 41 p_ane
orgentaton arg_e Prw 5"; fVcons,stent W.lt] tenr oft e
equy 4bry e_,co,da structure n ~= Cos T b Ysn T Y
/‘Fro t'e  near to { e expery (enta_ data s own,n 1':5
by m = q&nw )2 TC 't easured eﬂect,ve p,tc SP=q"
A \ ' atc’! 11 Plat obta,ned &9 e FC»M cross sect,on n
t ©s§y e’_ocaton top _eftlnset Of ey f
In order to appy our tec” nque to ' cglrg o CQ pex., .D
drector structures and de ects* we ave constructed wecge
¢ o_ester,c ce__s W,t ad edra_ arg _e‘jabout ~* and strony sur @ace
anc' oIy t 3& eeps near surface I o_ester,c -ayers para_g_| to
substrates E _? entary ege s_ocat,ons perpend,cu_ar to t”e
d,rect;on O¢ et !c nessg I rad ent lntroduce add, t,ona R oe
ster,c 4 e__ae‘ln accord th ,ncreaslrg t\;c ness o t e wedg e
Fg 4 Mese d, s_ocatlons ave t &r cores sp_‘t nto d | scynat,on
pa,rs and are often accq pansed by ofler ¢ o_ester,c defects“
To; tp_ex .'D con g urat,ons oenr
_t” oy " t‘]e non destruct,ve 'D ¥ zg,‘rg oenmr around
de fects canbe ad ! eved b}g eans o f o Xt rap ,ca %4 an,pu_ated
nanow,res a_one“ we use FC"M ‘% i OF tle CQ parat,ve
ana ‘ys,s o nanow,re pos,t,ons and orlentat,ons re_at,ve tonr
In t e vert,ca_ FC”M Cross sect,ons“t e nanow,res orzented
ort’ @ ona_y to e conoca_y ¢ ‘g eg 4ve 1yse to a dar trjarg u_ar
wecg‘e spreadrg upward &9 t epos,t,on oft Terod Fg' sa f
W‘]lc ssduetot'escatter;rg O t e FC*M exc{tatjon_g Mt by t
”g " ndex GaN nanow,re nGaN = ,“' ‘uc _ag er an e
ﬁectlve CLC ,nd,ces w,t" My 4y gPtca_ trans aon O¢
a NANOW,Ie Serves as a s,y ¢ par,ce probe ocnr “a_ow,rg one

- =
jn —p,\‘
~

not ony to, ieasure e eqqur,u p,tc but aso toy iap
R arg es 1n ,ts eﬁect,ve va_ue due to detects“y,e_dlrg resuts t"at
are jn g reg jent wyt FC»M izglrg Fg 4+ e con ca
vertyca_cross sectyons ;n Fg' 4 s ow seqluentla trans_atlon o) t €
nanow,re a0 a Bug ers ¢ rey,t w,t tle trans_at,on across t e
¢ o_ester,c AYers y (P g ented by rotat, 1y tle nanow,re \ ]e
atte pted opt,ca_trans_at,on o, a nanow,re across t e d, s_oca
ton ' d scont,nu,ty ,m a _ayered CLC structure resuts ,n
stretc” 1 Op tle dysocaton resgsted by ,ts _,ne tensjon  or
exa tp_ev‘w‘ en' ovlrg tle nanow,re er po,nt - ; MmFg scto
t cig t we observe t! at as t]e d s_ocat,on eventua Yy, ]toves to
tne rg t and stretc'es V\?] en t e nanow,re approac este de fect
core cq Lb haton o rotat,ona and trans_at,ona_' tot,on

a_orgteso~ o '%Oie

|



. v .
upward or downward ;n accord w,t' t'e dyspacy jent o, tle
_ayers to preserve ;ts orentaton para_e_ to t'e’ oca_nr



.
nons, 1y u_ar ‘d,scinat,ons an 4ts core spyt ynto tle »-s 7~

1 1 1 y
pa,r N;( en t'e nanow,re ;s p.aced on t'e A d;scynaton s,de o






Supplementary Information

Three-dimensional imaging of liquid crystal structures
and defects by means of holographic manipulation of
colloidal nanowires with faceted sidewalls

David Engstrom,*® Rahul P. Trivedi,*¢ Martin Persson,* Mattias Goksor,” Kris A.

Bertness,’ and Ivan I. Smalyukh®“¢"

Department of Physics, University of Colorado, Boulder, Colorado 80309, USA

®Department of Physics, University of Gothenburg, 412 96 Goteborg, Sweden









