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CAU TRUC CLUSTER TAP HQP TU CAC HAT COLLOID DANG ELLIPSOID

Pham Vin Hai va Nguyén Thi Nhu Hai
Khoa Vit li, Truong Dai hoc Sur Pham Ha Ngi

Tém tit. Trong bai bao ndy, ching toi nghién ciu su tap hop cua cac hat colloid dang
ellipsoid dé tao nén cau tric cluster bang phuong phap mé phong Metropolis Monte Carlo.
Su tu tap hop dugc thuc hién théng qua sy bay hoi cua cac giot droplet. Két qua cho thay
da sb cac cau trac cluster ¢d ciu tric xac dinh. Pang chi ¥ 1a nhimg cluster ¢6 kich thudc
nhé hon 8 ¢6 cau tric triing véi cau tric cyc tiéu md ment bac hai cua phan bé khdi lugng,
ciing nhu cac bai toan cyc tiéu trong mot s6 dang thé tuong tac khac. Tuy nhién, cau trdc
cluster kich thuéc 16n hon 8 khong thoa man diéu kién cuc tiéu md-ment bac hai. Két qua
nay pht hop véi nhan dinh vé cau tric cluster trong nghién cau su tap hop cua cac hat
colloid dang qua ta. Bén canh do, tr phan tich so lién két va so sénh truc quan, chling toi
quan sat thay nhing cau trac cluster thu dugc trong nghién ctu nay khac véi nhiing cau
tric ma mot sé nghién ctru trude da dua ra.

Tir khéa: cau trac cluster, ellipsoid, hiéu img Pickering, tu tap hop.

1. Mé dau

Colloid la céc hat c6 kich thudc trong thang micromet phén tan trong moéi trudng chat long.
Khi hat colloid chuyén dong trong chét long, nd khdng chi twong tic véi nhau ma con lién tuc
va cham véi cac phan tir chat long tir d6 tao ra luc tong hop trén mdi hat colloid. Gan day, bén
canh nhiing nghién ctru hudéng dén viéc tong hop hat di thé va di hudng, viéc khao sat tinh chét
tw tip hop cua ching ciing 13 mot chu dé dwoc dic biét quan tdm do kha ning ing dung cua
chung trong linh vuc quang tir, cam bién va quang dién tir [1]. Tuy nhién, cho dén nay da sb
nhiing nghién cau theo chu dé nay tap trung cha yéu vao su tu tap hop cua hat colloid c6 dang
hinh cau va/hoic tuong tac dang hudng [2]. Do d6, ciu tric thu duge thudng han ché & nhiing
pha c6 dbi xang don gian. Mac du, mot sé nghién ciru di duoc mé rong sang hat colloid véi
nhiéu hinh dang khac nhau song nhiing nghién ctu nay chi yéu sir dung tuong tac cimg, hon
nita hé colloid chi c6 mét thanh phan [3-11].

Trong nghién ctu ¢ tinh tién phong, Manoharan, Elsesser va Pine [12] da dé xuat phuong
phap thuc nghiém cho phép thu duoc cac cluster cia cac hat cdu ding huéng kich thudc
micromet bang cach sir dung hé hai thanh phén: colloid va giot nhii twong hinh cau (droplet).
Giot nhil twong ¢ ddy dong hai vai tro. Thu nhit n6 giir cho hat colloid chi Chuyen dong trén bé
mat cau. Thir hai n6 /dong vai tro nhu thanh phan th hai trong hé, do d6 cau tric pha cudi cling
cua hé s& dugc quyét dinh bai ca ti phan xép chat cua colloid va giot nhil tuong, ti 1é ban kinh
va ti 1¢ gitra hai loai hat. Manoharan et al. [12] thay rang, tat ca cac cluster ¢6 cau tric hoan toan
xac dinh va chi phu thudc vao s6 hat thanh phan n. (n, < 15) c6 trong cluster.
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Trong nghién ctu nay, ching tdi ma rong nghién ciu cia Manoharan va cac nghién cau
trude day cho hat colloid hinh cau ding huéng [13-17], sang hat colloid c¢é dang ellipsoid. Céc
hat colloid dang ellipsoid c6 vai trd quan trong trong nhiéu linh vuc khac nhau. Vi du, hat
colloid tu sip xép dé tao nén thanh ciu tric kiéu isotropic, nematic, véi tng dung trong tinh thé
|6ng. Hoic trong linh vuc ‘phan tich mau’, cau trdc caa cac hat dién méi véi hinh dang ellipsoid
c6 the tao nén nhiing phan hoi quang phuc tap ma khong the thu dugc néu ding céc hat dién
méi hinh cau [18]. Chung 6i hi vong viéc khai thac tinh bat ddi xtmg hinh hoc cua hat colloid
giup thu duoc nhiéu kiéu ciu trdc phic tap hon dong th01 diéu khién dwoc nhiing ciu tric nay
thdng qua viéc thay ddi gié tri cua mot tap hop cac tham sé vat I trong hé. Noi dung nghién cau
bao gom tim hiéu qua trinh dong cua cac hat colloid dang ellipsoid xay ra nhu thé nao, cau trdc
cluster cudi cing c6 ddi ximg gi, 4o 6n dinh va do bén cua ching ra sao.

2. Noi dung nghién ctru
2.1. M6 hinh va phuong phap

Xét hé hai thanh phan géom N, hat colloid va N, hat droplet. Nang luong toan phan caa hé
I tong nang luong cua tuong tac colloid-colloid, colloid-droplet va droplet-droplet, dugc viét
dudi dang

N, Ng
U= Z Pec(ri — 1)) +Z ¢aa(|Ri = R;|)

i<j i<j (1)

trong d6 r; la vi tri caa hat colloid thar i, R; la vi tri cua droplet thir j, ¢, la thé tuong tac
colloid-colloid, ¢4 1a thé tuong tac colloid-droplet va ¢ 44 1a thé tuong tac droplet-droplet.

DPé md ta tuong tac giita cac hat colloi dang ellipsoid ching t0i sir dung mé hinh duoc dé
xuit bsi Varga, Efrain va Odriozola [19]. Theo d6, hat colloid dugc mé hinh héa nhu cac
elipsoid cung, duong kinh I6i cing doc theo truc chinh va truc phy. lan luot la o) va o, trong khi
duong kinh 6p vo huat twong Gng la o) + A va o, + A.. Hai tham s6 khong thir nguyén o >0va
oy > 0 duge dinh nghia sao cho A= oy min(oy, 61) va A= o min (o), 61). Diéu nay dam bao luc
hat ¢6 tim tuong tac ngan cho ca eII|p50|d dang day va dang det. Uu diém caa mé hinh trén Ia
hinh dang c6 giéng thé hat c6 thé diéu khién thong qua hai tham sé di huéng oy va oL. Nang
luong twong tac theo ham cua khoang cach néi tam r gitra hai hat ellipsoid duoc viét dudi dang

o, r< o
—Esw O <r< Op
d)cc(r) = e—k(T—O’o) (2)
&y ———— > 0p

trong d6 £, 14 d6 sau cua hé thé vudng va o (oo) la khoang cach tir tim dén tam gitra hai
ellipsoid cho 161 bén trong (v6 bén ngoai) khi ching tiép xtc. Pé don gian, cong thuc gan ding
sau duoc dung cho ca khoang cach tiép xtc bén trong (1) va bén ngoai (O).

0],1/0

O1/0 = P -
1 ~
\fl—TO (xf;o + xl/o)
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2 2
Oj1/0 — 91 1/0

X =—3———5" 4
/o ofi0 + 9% 10 )

o= (w7 Wz £ @, w13)? )
1/0 = 1 i)(]/ow1 w2

VA 01,1 =01, 01 = 0 61,0 = 01+ As, 0o = o)+ A Ngoai ra, x% 0 1a mot ham phu thudc vao
sy dinh hudng (w1 va wz) cua c&c hat va vector dinh hudng tim dén tam (&,,) gita hai
ellipsoid. Lwu y rang @, , @, Va @, 1a céc vector don vi (xem mo ta chi tiét trong tai liéu [19]).

Trong phuong trinh (2), bén canh tuong tac hat tam ngan, chung t6i dua vao twong tac day
tam xa. Dang thé day duoc sir dung 1a thé Yukawa, trong d6 &, va k lan luot 1a tham sb dac
trung cho cudng do va ban kinh tuong tac ciia thé Yukawa.

Thé tuong tac giita colloid va droplet duoc dung dua trén hiéu Gng Pickering. Khi mot
colloid dwoc hap thu trén droplet, nang lugng cua hé giam di mot lugng yS, véi y 1a stc cing bé
mat tai giao dién droplet-colloid, S 1a dién tich tiép xuc giita droplet va colloid. Gié tri caa S phu
thudc vao kich thudc cua droplet, khoang cach giita colloid-droplet. Néu duong kinh caa droplet
oq 16n hon duong kinh o, thi nang lugng colloid-droplet la [20].

bealr) = {‘V”"dh Hy et ®)
0 nguwoc lai
Nguoc lai néu o, < g, thi
|{ —yrraj r< GJ'Z;%
bealr) = {I o T <y < BE ™
k 0 nguwoc lai

trong do

(0./2 —0q/2 +71)(0,/2 +0q/2 —T7)

h= 2r ®)

la d cao cua chom Cau tao boi eIIIpSOId va droplet va r trong phuong trinh (6), (7) va (8) la
khoang cach ndi tam gira colloid va droplet. Trong md hinh nay, chung t6i bé qua do bién dang
cua bé mat droplet khi ellipsoid bi hip thu trén bé mit.

Tuong tac droplet-droplet dwoc liy don gian 1a thé qua ciu cung

© 1r<ogg to0
$Paa(r) = { nguoc lai 9

véi duong kinh hi¢u dung o4 + o I6n hon duong kinh droplet gg. Diéu nay dam bao hai
droplet khéng thé hap thu cting mot hat colloid.

M®& phong Metropolis Monte Carlo (MC) trong hé phan bé chinh tic NVT (N: tong s6 hat,
V: thé tich, T: nhiét &6 caa hé) véi 10° chu trinh MC cho qué trinh c&n bang va véi 10° MC chu
trinh dé lay dir liéu. Trong mdi chu trinh MC, tit ca c&c hat déu chuyén dong trung binh mot
lan. Cac hat droplet chuyén dong tinh tién, trong khi cac hat colloid c6 thé chuyén dong tinh tién
két hop véi chuyén dong quay sao cho xac suat chap nhan 1 50%. Cau hinh ngau nhién ban dau
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clia céc hat cau duoc sap xép trong mot khéi lap phuong thoa man diéu kién bién tuan hoan.
Cac md phong duoc thyc hign cho tong so cac hat colloid - droplet trong khoang tr 500 dén
1000 hat, twong tng véi ti phan xép chat khac nhau. DE dat duoc gia tri tot nhat, tng véi moi bo

tham s6, chiing t6i thyc hién nim mé phong doc lap, sau do 14y gié tri trung binh.

Dé phan tich day du céc tinh chat vat Ii caa hé doi hoi phai khao sat mién khdng gian tham
sb rat l6n. Do d6, & day chung toi gidi han viéc nghién cau caa minh trong mot s6 tham sé dic
trung nhét. Viéc lua chon nhiing tham sé nay dua trén két qua cua nhiing nghién ciu trudc
[14, 15, 20]. Chi tiét vé cac tham sé duoc cho trong cac bang dudi day.

Bdng 1. Tém tit cAc tham sé vé thé tirong tic theo cdp dwoc sir dung

trong phwong phdp mé phong may tinh

Giatrivatli Mé ta
esw =9 kgT d6 sau giéng thé
k =10071 chiéu dai Debye nghich dao
Feu = 2,5 Gc ban kinh cit trong md phong
v =100 % sirc cang bé mat dau-nudce

1
Bdng 2. Thong sé duwet sir dung cho hén hep droplet - colloid

Gié trivat Ii MO ta
N, = 500 s6 luong colloid ellipsoid
Ng=7-35 s6 luong droplet
n, =0,01-0,05 tap hop khéi lugng colloid
n¢=0,15 tap hop khéi luong droplet
o =1 duong kinh colloid
54 (0) = 4o, dudng kinh droplet ban dau

Bdng 3. Tham sé dwec sit dung cho md phéng déng hec Monte Carlo

Gia trivatli M6 ta
d. = 0,016, d6 dich chuyén thir nghiém tdi da cua colloid
r. =0,01rad vong quay thir nghiém tdi da cua colloid
de=d, /G_I/Ud d? dich ?huyén thur nghléAm téix(_ia cua droplet
n = 10° so chu ky Monte Carlo trén moi hat

A -

o = 01(©) bién do co lai

2n

3Bién dé co lai dwroc chon sao cho cac giot bién mdt hoan toan sau n/2
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2.2. Két qua va thao luan

2.2.1. Bong hec qué trinh hinh thanh cluster

Hinh 1 thé hién anh snapshot & bén thoi dién khac nhau trong qua trinh mé phong. Trang
thai ban dau bao gom cac hat colloid ellipsoid (mau xanh 1a) va cac droplet (mau hdng) kich
thudc I6n hon. O trang théi ndy, cac hat duoc phan tdn mot cach ngau nhién va khdng c6 su pha
nhau giita bat ki hat ndo trong hé (Hinh 1a). Sau 3,25x10° bugc MC, mét sé hat colloid bi by
trén bé mat droplet (hat colloid mau do tham trong Hinh 1b). Cung véi qua trinh bay hoi cua
droplet, céc hat colloid (bi by lac trudc) budc phai kéo lai gan nhau do tac dung caa hiéu tng
Pickering. Trong Hinh 1(c), sau 5x10° chu ky MC, khi tat ca droplet hoan toan bién mét, cc hat
colloid & khoang cach du gan dé tao nén trang thai lién két hay con goi la trang théi trong cluster
(biéu thi bang hat colloid mau xanh da troi). Tai thoi diém cudi mé phong, tac 1a sau 10° buéc
MC, su hién dién cuaa tit ca cac cluster dugc hinh thanh théng qua céc droplet cho thay su bén
viing cua cac cluster dudi thang giang nhiét (Hinh 1d).

Hinh 1. Anh snapshot trong qua trinh bién dai theo théi gian ciia hé md phéng: (a) thei digm
ban ddu (b) sau 3,25x10° buréc MC (c) 5x10° burdc MC va (d) thei diém cuéi sau 10° buéc MC
Trong Hinh 1 mau sic khac nhau cua hat colloid biéu thi trang théi caa n6: hat mau xanh la
(hat & trang thai tu do), hat mau d& thAm (hat bi bat trén droplet nhung chua hinh thanh lién
két), hat mau xanh da troi (hat bi bt trén droplet va d hinh thanh lién két), mot sb hat mau cam
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va luc lam, chiém ti 1¢ rat nho (duéi 1% tong s6 hat), thuoc vé nhiing trang thai khac (lién két tu
phét, pha v& lién két).

Qua trinh hinh thanh cluster thdng qua su bay hoi droplet dugc phén tich ki hon bang ham
phan bb xuyén tdm (RDF) cua cip colloid - droplet geq(r) va cap colloid - colloid gec(r). Ham
phan bb gu(r) glua droplet-droplet khong dugc dé cap vi twong tac giira droplet-droplet chi la
tuong tac qua cau cung.
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Hinh 2. Ham phan bé xuyén tam colloid - droplet g (r) theo khodng cach ti 18 r/oy tgi
cdc giai dogn Khac nhau ciia qud trinh dgng hoc
Vi tri cue dai cia geg (r) cling Véi cha gidi cho t;dioc cho chi tiét trong néi dung

Hinh 2 mo td ham geq (1) trong qué trinh dong tai mot s6 thoi diém khéc nhau tir t; dén te.
Nhiing thoi diém nay twong ing vai s6 bude MC nhu sau: t; (sau 4x10* MC), t, (sau 8x10* MC),
ts (sau 1,2x10° MC), t, (sau 1,4x10° MC), ts (sau 1,6x10° MC), ts (sau 1,8x10° MC), va t; (sau
5x10° MC). Ta thiy rang tai mo| thoi diém tir t; dén tg , ham 9ea (1) thé hién cyc dai tai mot
khoang céach r/o; xac dinh. Diém cuc dai nay twong tng véi tan suat (hay xac suét) tim thay
colloid va droplet & khoang nay la 1én nhat. Khoang céch c6 xac suat cuc dai nay tring véi ban
kinh tic thoi cua droplet o4(t)/2. Theo thoi gian, ban kinh droplet giam dan, do dé vi tri cuc dai
ciing tinh tién vé phia trdi. Bén canh d6, cuong do cua dinh ciing ting dan theo thoi gian cho
dén ts. Két qua nay hop li bai trong qua trinh dong hoc, s6 colloid bi bay trén droplet c6 thé ting
dan va do d6 cuong do dinh cua ham geq (r) phai ting dan. Piém dic biét nira 1, khac véi ham
phan bb geq (r) chi c6 mot dinh duy nhat déi véi hat d6i xang cu [15], trong truong hop hat
colloid dang ellipsoid, dinh cua ham geq (r) ¢ thé tach thanh hai dinh gan nhau — mdi dinh
twong ng vGi mot ban kinh truc caa ellipsoid (thé hién bang hai dudng nét dut trong Hinh 2).
Trong nghién ctu nay, chung tbi chi xét cac ellipsoid co hai ban truc, ban truc nho la o, /2, hai
ban truc l6n con lai c6 kich thuéc bang nhau, bang o /2. Cubi cung, khi tat ca droplet bién mat
tai t; (sau 5x10° MC) ham geq (1) tré nén phang va c6 do 16n bang khong.

Ham phan bé xuyén tam colloid-colloid, g (r), trong qua trinh dong hoc hinh thanh cluster
dugc thé hign trong Hinh 3. Ta quan sét thay ¢ trang théi khi tir thoi diém ban dau dén thoi diém
ty (ham gec (1) gan thang va tién t6i 1 khi r 16n). Sau thoi diém ts hé bat dau chuyén sang trang
thai long (Mot so trat toe gan da duoc quan sét tai khoang céch r tir 0,80; dén 1,00; Va sau thoi
diém tg nhimg trat tir gan duoc thé hién mot cach rd rang, khong chi tai khoang cach 0,80, — 1,00; ma
con & khoang cach xa hon tai 1,250;, 1,350; va 1,380;. Diéu d6 ciing chtiing minh giita cac
colloid d3 hinh thanh lién két vai x&c suat I6n nhat tai khoang cach nay.
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Hinh 3. Ham phan bé xuyén tam colloid - colloid g (r) theo khodng cach ti 1é r/oy
tai cdc giai dogn khac nhau cia qud trinh déng heoc
Su hinh thanh cac lién két trong cluster c6 thé quan sat rd sau thoi diém tg
2.2.2. Tinh chit cia h¢ theo tham sé twong tic oy va gy

Do tinh chét phirc tap caa hé mo hinh duoc khao sat; cu thé chi tinh riéng phan tuong tac
colloid-colloid da ¢6 9 tham s6 khac nhau, lan luot la: o), 6., oy, @1, 07, 0p, Esw, €y, Va k. Do do,
trong phan nay ching toi trinh bay két qua tinh chat cua hé theo hai tham sb 1a a, (dédc trung cho
chiéu dai tuong tac hut tam ngan) va &y (didc trung cho cudng do tuong tac day tam xa). Nhiing
tham s con lai hodc duoc dit ¢6 dinh tiy y, hodc duge dat theo tham khao cua nhitng nghién
ctru trudc [14, 15, 20].

* Tinh chdt hé theo tham sé a, (ey = 115kgT)

Hinh 4. Subién déi trang thai ciia hé theo tham sé a
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Trong Hinh 4 tit ca anh snapshot dugc liy ¢ thoi diém cudi cua qua trinh md phong. Y
nghia mau sic cac colloid hat dugc cho twong tir nhu Hinh 1. Hat mau xanh 14 (hat & trang thai
t do), hat mau xanh da troi (hat bi bét trén droplet va da hinh thanh lién két). Hat mau luc lam
(hat tao thanh lién két véi cac hat khac mot cach tu phat khdng qua droplet). Hat mau xam (hat
d3 hinh thanh lién két truéc do, nhung sau d6 dd pha v trang théi lién két).

Hinh 4 thé hién anh snapshot tai giai doan cudi trong qua trinh md phong tai mot s tham
s6 o, khac nhau. Ta nhan thiy c6 su thay doi 6 tinh chat cua h¢ theo tham s6 nay. Tai a.= 0,1
(Hinh 43) da phan hat colloi 6 trang théi tu do, mot s6 hat colloid bi bay trén droplet da tao nén
mot sé cluster. Tuy nhién cac cluster ¢ sb hat thanh phan nho (chi tir 2 - 3 hat thanh phan)
Ngoai ra nhirng cluster ndy & trang thai khdng bén viing, thé hién qua sy c6 mit caa nhiéu hat
mau xam (hat da lién két nhung nay & trang thai ty do). Véi véi ting a, dén 0,3 (Hinh 4b),
cluster c6 kich thudc Ién hon va bén viig hon. Nhung lic nay ciing xuat hién mot sb cluster tu
phat (cluster hinh thanh khong qua droplet). Pac diém nay tré nén rd rang hon khi oy = 0,5
(Hinh 4c). Trong hé, cac colloid & trang thai tw do con rét it, thay vao d6 1a cac cluster tu phat
va cluster khdng tu phat. Cudi cung tai a, = 0,7 (Hinh 4d), nhitng cluster nay tu lién két lai véi
nhau dé tao nén trang théi gel, phu hop véi két qua nghién ctu trang thai gel cua hé qua cau
cung [21].

* Tinh chdt h¢ theo tham sé &y (o, = 0,5)

Twong tw nhu phan 3.2.1, chling tdi phan tich tinh chat cia hé theo tham s &, tai bon gia
tri khac nhau, két qua duoc cho Hinh 5.

((L) ey =75 kgT

Hinh 5. Trang thai ciia hé tai thei diém cudi cia qua trinh md phéng theo ham ciia tham sé &y,
Y nghia mau sdc cac hat colloid cho twong tir nhw Hinh 1
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R& rang trong mién tham sé &, ma ching toi lya chon khao sat ¢ trén, tinh chét cua hé thay
ddi khong nhiéu nhu dbi voi o, Mic du vay, ta van thiy tai &, thip (dudi 75 kzT- Hinh 5a)
trong hé ton tai mot sé lugng I6n cluster ty phat. Bidu nay 1a do luc day Yukawa thap, khong dua
dé ngan can cac hat colloid tién lai gan nhau, tir d6 hinh thanh 1én lién két tw phét. Khi ting &,
dén 95 kT, s lugng cluster tu phét giam mot cach rd rét (Hinh 5b) va dat dudi 1% téng sb hat
khi &y 16n hon 115 kT (Hinh 5¢ va 5d).

Chdng t6i nhan manh rang, muc tiéu caa nghién cau nay la khao sat mot tap hop cac diéu
kién dé thu duogc cac clusters co kich thudc tir 2 dén 12 hat thanh phan, c6 céu tric xac dinh. Do
d6, nhiing cluster hinh thanh mot cach tu phat s& khong dwoc xét dén; nguyén nhan thu nhét la
céc cluster ty phat hoic & trang thai khong bén (néu twong tac hut colloid-colloid qua yéu), hoic
dé tu tap hop lai dé tao nén trang thai gel (néu tuong tac hut colloid-colloid qua manh). Nguyén
nhan thi hai la chi c6 cac cluster hinh thanh qua su bay hoi droplet mai ¢6 s hat thanh phéan
xac dinh va dé diéu khién, chang han nhu bang cach thay d6i nong d6 colloid, ndng do droplet
va kich thudc ban dau cia droplet. Do d6 véi nhan xét nay, thi hé véi tham sé &y lon hon 115
kxT phi hop véi muyc tiéu ké trén.

2.2.3. Cautrdc cluster cia céc colloid dang ellipsoid (6./6y =0,6, ey =0y =0,5, &y = 115 kgT)

Néu nhu trong cluster ctia c4c hat colloid hinh cau, viéc phan tich cau tric cluster c6 thé
thuc hién truc tiép qua s6 hat thanh phan N,, va tong s6 lién két caa cac hat trong cluster N, [20].
Doi véi hat colloid dang ellipsoid, do tinh chat bat d6i xtng, viéc phan tich cu tric cluster gap
nhiéu khé khan. Do d6, & ddy, ngoai viéc sir dung hai tham s6 N, va Ny, ching t0i xac dinh So
lién két cho tung hat trong cluster. Hinh 6 biéu dién sé lién két cho mai hat thong qua mau sic
twong tng cua nd. Chang han, mau den biéu thi hat chi c6 mot lién két duy nhat voi mot hat
khac, mau d6 biéu thi hat lién két véi hai hat khac (xem Hinh 7). Cha y rang do dién tich xung
quanh hitu han va lién két giira colloid-colloid 1a twong tac hut tam ngan, mdi colloid chi c6 thé
lién két voi mot sé nho céc colloid & 1an can (¢ day gia thiét sb lién két téi da tinh cho mdi
colloid la 11).

Hinh 6. C4c hat colloid véi mau sdc khac biéu thi sé lién két ciia colloid dé trong cluster
Theo thir tur i tréi sang phdi, tir trén xuong dudi, s6 lién két lan luot o mau den (1 lién két),
mau do (2 lién ket). Mot vi du cau trac cluster trong lién ket nhin thay trong Hinh 7.

Hinh 7. Minh hea trang thai lién két ciza méi colloi trong cluster
Hat mau dé lién két véi hai hat colloid khac, hat mau den chi ra mét lign két duy nhdt véi hat
colloid khac
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Hinh 8 biéu dién ciu tric cua céc cluster dién hinh (xac suat tim thay I6n nhat) wng véi sb
hat colloid thanh phan tir N, = 4 — 12. Trong thuc té, cluster véi kich thudc 16n hon 12 ¢6 thé
thu duoc bang cach ting mat do hat colloid hoic ting duong kinh hat droplet. Tuy nhién, ¢ day
ching tdi tap trung vao phan tich cluster c6 kich thudc dén 12 hat thanh phéan do nhiing ciu trac
I6n hon thudong co nhleu c6 kiéu cau hinh tng véi cung mot sb hat trong cluster, hon nita viéc
phan tich cua nhiing cau trdc 16n nhu vay tré nén rat kho khi biéu dién ching bang khéi da dién
[12, 20]. Nhu minh hoa bang cac khdi da dién tuong ung phia dudi ung véi N, < 7, ta ¢6
N, = 4 (hinh t& dién déu), N, = 5 (hai hinh kim ty thap tam giac chung mit day), N, = 6 (hinh
bat dién déu), N, = 7 (hai hinh kim ty thép ngii gisc chung mat day). Pang cha y, nhiing ciu
trdc nay tring chinh xéc nhu cau triic cluster cia cac colloid dang cau [12, 20] hoac colloid kiéu
hai mat (Janus) [14] b6 la nhing cluster thoa méan diéu kién cuc tiéu héa moment bac hai
(Mx-cluster), cuc tiéu hoa thé tuong tac Lennard-Jones [22], cuc tiéu hoa thé tuong tac
Coulomb [23]. Két qua cua chdng t6i chi ra cu tric cluster véi s6 hat colloid thanh phan nho
khong phu thuc vao ban chat twong tac colloid-colloid ciing nhu khéng phu thudc vao hinh
dang hat.

Khi N > 7, viéc phén tich cau tric hinh hoc hogc biéu dién cluster bang khoi da dién déu
tré nén kho khan hon nhiéu. Tuy nhién, nhiing Cau truc khac nhau van c6 thé phan biét dua trén
sb lién két cua ting colloid. Vé nguyén tic, sé mau Sic trong cau trGc cang it thi cau trac do
cang c6 tinh d6i xung cao. Vi du, véi N, = 8, mot cdu hinh ddi xtmg cao dugc quan sat gom: 4
hat (mdi hat c6 4 lién két) va 4 hat con lai (mdi hat c6 6 lién két). Cau hinh véi N, = 12, ciing
thé hién tinh ddi ximg cao vi chi ¢6 hai loai lién két gom: 6 hat (mdi hat 7 lién két) & gan tam, 6
hat (mdi hat 5 lién két) & xa tam. Vi N, = 10, cau hinh gom: 3 hat (mdi hat 5 lién két), 3 hat
(mdi hat 4 lién két), 3 hat (mdi hat 6 lién két) va 1 hat (lién két v6i 9 hat khac). Nhiing kiéu cau
trdc con lai ciing déu thé hién 3 kiéu lién két.

N.=4

« G 4
AR

N.=9 N, =10

Hinh 8. Cdu triic cluster dién hinh quan sdt dwoc tai giai doan cudi ciia qué trinh md phéng
#ng véi tham sé 6./e;= 0,6, az=a; =05, &y = 115 kgT
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Khi N, < 7 chling t6i diing céc khoi da dién, tao ra bang cach ni tam cac ellipsoid, dé bicu
dien cau tric cluster. Khi N > 7, viéc phan bi¢t nhiing cau triic khac nhau dya trén so kiéu lién
két (s6 mau sac khac nhau) cua tirng colloid.

3. Kétluan

Trong nghién ctru nay, chung t6i da khao sat sy tap hop cta cac hat colloid dang ellipsoid
dé tao nén nhing cu trac cluster c6 kich thudc tir 2 dén 12 hat thanh phan. Qua trinh ty tap hop
dugc didu khién théng qua su bay hoi cua droplets. Sir dung md phong Monte Carlo, cing véi
tinh toan ham phan bé xuyén tdm, ham phan b kich thudc cluster, chung i thu dwoc mét sé
két qua nhu sau. Thir nhét, trong mién khdng gian tham sé duoc lya chon khao sat gdm o, —
dic trung cho tuong tic hut tam ngan va ey — dic trung cho tuong tac day tim xa. Chilng t0i
nhan thay c6 su chuyén pha tir pha khi, sang pha long va pha gel khi ting twong tng o tir 0,1
dén 0,7. Trong khi do viéc ting &, dén 115 kg T gilip on dinh cac cau tric cluster va giam cluster
hinh thanh tu phét. Thr hai, phan tich cau trdc cluster tai &, > 115 kgT cho thiy da s6 cac cau
truc co c4u tric xac dinh. Pang cha y 1a nhiing cluster ¢6 kich thuéc nho hon 8 co cau tric tring
véi cau tric cuc tleu md ment bac hai cua phan bé khéi luong [12], cling nhu céc bai toan cuc
tiéu trong mot sé dang thé tuong tac khac [22]. Nhiing ciu tric cluster kich thuéc Ién hon 8
khdng théa man diéu kién cuc tiéu mo-ment bac hai. Két qua nay phu hop véi nhan dinh vé cau
truc cluster trong nghién cau sy tap hop cia cac hat colloid dang dumbbell (qua ta) [24]. Tuy
nhién, tir phan tich sb lién két va so sanh tryc quan, chung t6i quan sat thiy nhiing cau trdc
cluster thu dugc trong nghién ciu nay khac véi nhiing ciu tric ma Peng et. al. [24] da dua ra.
Phén tich xa hon vé tinh d6i ximg Ia can thiét dé danh gia day da hon vé nhimg cau tric méi
nay va tim ra mdi lién hé cia ching véi nhiing khéi da dién trong toan hoc.

Loi cdm on. Nghién ciu duoc thuc hién véi sy hd trg cia Dai hoc Sw Pham Ha Noi qua dé tai
m& s6 SPHN 19-02 TT.
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ABSTRACT

Assembly of ellipsoid-shaped colloids by emulsion droplet evaporation

Pham Van Hai and Nguyen Thi Nhu Hai
Faculty of Physics, Hanoi National University of Education

In this paper, we study the assembly of ellipsoid colloidal particles to form cluster structures using
Monte Carlo Metropolis simulations. The self-assembly is accomplished through the evaporation of
emulsion droplets. We find that the majority of cluster structures have a well-defined configuration. It is
worth noting that cluster sizes smaller than 8 possess structures that are exactly the same as the
microscopic structure of the second order of mass distribution, as well as the optimization problems in
some other forms of interaction. However, cluster structures larger than 8 particles do not satisfy the
second minimum condition. These results agree with the perception of cluster structure in the assembly of
dumbbell-shaped colloid particles. In addition, based on the analysis of link numbers and visual
comparison, we observe that the cluster structure obtained in this study is different from the structures in
several previous studies in the literature.

Keywords: cluster structures, ellipsoid particles, Pickering emulsions, assembly.
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