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~Nghién ciru nay da s dung phwong phap Iy thuyé’t‘phié’m ham mat do (DFT) ¢ mirc Iy
thuyét B3LYP/6-311++G(2df,2p)//B3LYP/6-31G(d,p) nham danh gia do bén va cdc ddc trung
phé IR ciia oligo (phenylene ethynylene - OPE) va cac dan xudt gan phoz tir (-CHs, -NH>, -Cl,
-CN, -NO,). Ket qua t6i wu héa cdu triic cho thdy OPE va cdc dan xuat déu on dinh, khong
xudt hién tan s6 daq dong am, khang d_mh’ cdu triic p‘han tu dat cue tgeu trén 7be mdt thé nang.
Cdc phdn tir ¢o phoi ti -NH; va -NO xuat hién nhieu nhom diém doi xumg on dinh, trong dé
nhom doi xirmg C2v (doi voi -NH) va Cl (doi voi -NO,) the hién nang heong thap nhat, twong
ung voi trang thai bén nhat cua hé vé nang lwong. Diéu ndy cho thay viéc luya chon va gan
phoi tic phu hop khong chi gitip toi vu hoa tinh chat dién tir ma con cai thi¢n dang ké do on
dinh cau triic, lam tang kha nang ung dung thuc t€ cia cdc day phdn tir OPE trong thiét bi
dién tir phdn tur. Pho dao dong IR thé hién r6 rang cdc dao dong dac trung cho tirng nhém the,
Véi s tang dang ké vé cuong do dao dong dac trung khi phoi tir dwoc gan vao OPE. Két qua

nghién citu gép phan khang dinh tinh bén viing ciia cdu triic phan tir OPE va gitip tang kha
nang nhdn dang cdac nhom chirc dac trung cua oligo.
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Abstract

This study utilizes density functional theory (DFT) calculations at the B3LYP/6-
311++G2df,2p)//B3LYP/6-31G(d,p) level to assess the stability and infrared (IR) spectral
characteristics of oligo(phenylene ethynylene) (OPE) and its derivatives, which include
substituents such as -CHs, -NH,, -Cl, -CN, and -NO:. The results of structural optimization
reveal that OPE and its derivatives are stable, as evidenced by the absence of imaginary
frequencies. This confirms that the optimized molecular structures correspond to minima on
the potential energy surface. Molecules containing -NH> and -NO; ligands displayed multiple
stable symmetry point groups. Specifically, -NH, exhibits C2v symmetry, while -NO; showed
C1 symmetry, both of which demonstrates the lowest energies and, consequently, the highest
structural stability. This finding highlights that the careful selection and attachment of ligands
not only optimize electronic properties but also significantly enhance structural stability,
thereby increasing the practical applicability of OPE molecular dimers in molecular
electronic devices. Additionally, the computed IR spectra reveal distinctive vibrational modes
for each substituent, with notable increases in vibrational intensities occurring upon the
incorporation of substituents into OPE. Overall, these results confirm the structural
robustness of OPE molecules and aid in the identification of characteristic functional groups
within the oligo structures.

Keywords: density functional theory DFT, ligand, Oligo (phenylene ethynylene — OPE).
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1. Gidi thiéu

Khi kich thudce cua cac thiét bi dién tir dua trén vat lidu truyén théng tiép tuc duoc thu
nho nhim dap g yéu cau ngay cang cao cua thoi dai, chung s€ phai do6i mdt voi nhiing gioi
han khong thé vuot qua do sy xuét hién cta cac hiéu timg luong tir, bao gdm hiéu Ung duong
ham, nhiu xa va giao thoa cua dién tir (Peercy, 2000). Do d6, cac vat liéu thay thé co khich
thudc nano véi dic tinh dién tir phtt hop can dugce nghién ctru phat trién dé dap tng nhu cau
thu nho thiét bi dién tir va vuot qua dugc nhimng tré ngai trén. Trude thuc té nay, cac thiét bi
dién tir dwa trén nén phan tir da dugc dé Xuat nhu mét lya chon thay thé tiém nang nho vao ky
vong kiém soat cac ddc tinh dién tir & cap d6 phan tor (Wang & cs., 2006). Thiét bi dién tir
phan tr cé tiém nang m¢ rong Dinh luit Moore vugt ra ngoai gidi han du kién cua cac mach
tich hop silicon thong thudng quy md nhé. Y tudng sir dung cac phan tir hitu co lam don vi
chtrc nang co thé hoat dong nhu mdt diode phén tir trong céc thiét bi dién tr d3 nhan duoc su
quan tdm 16n (Aviram & Ratner, 1974). Hau hét cac phan tir st dung trong linh vuc nay 1a cac
phan tir hitu co lién hop, chira cac lién két don, déi (hoic ba) xen k&, tao diéu kién thuan loi
cho viéc dan truyén dién tich.

Céc dan xuét oligo (arylene ethynylene - OAE) bao gém cac hé vong thom duoc lién
két boi cac alkynes theo kiéu xen k& duoc xem 14 cac phan tir “nong cot” cia dién tir phan tir
do dé tong hop va c6 nhiéu chirc ning (O’ Driscoll & Bryce, 2021). OAE nguyén mau 12 oligo
(phenylene ethynylene - OPE), phan tir oligo (phenylene ethynylene) (OPE) cling nhu la cac
dan xuét cta chung la cac hop chat dai dién cho mot day phan tur day trién vong cho nhiéu tng
dung trong cac thiét bj dién tu phéan tr voi nhiéu wu diém ndi troi vé do dan dién 6n dinh, do
ctng va kha nang chinh Iuu (J. Chen & cs., 2000). Do d6, OPE va cac dan xuét di dugc nghién
ctru chuyén sau ca vé mit ly thuyét (Y. Li & cs., 2007; Seminario & Derosa, 2001;
Taylor & cs., 2002) va thyc nghi¢m (H. Chen & cs., 2020; J. Chen & Reed, 2002; Wang
& cs., 2006). Cho dén nay da c6 mot sb lugng 16n cac nghlen ctru ly thuyet dé kham pha co
ché van chuyén dién tich thong qua cac day dan phan tir OPE nhung rat it cic nghién ciru vé
sy anh huéng ciia cac nhom thé 1én cac day trung tam.

Céac nhom dau cubi khac nhau s& anh huong dén quy dao phan tir, chi phéi cac dic tinh
dan dién cia day phan tir. Cac nhom thé khuynh hudng hat dién tir cang manh lam cho nang
lrong HOMO cang giam va ngugc lai. Cac nhom cudi duge két ndi para c6 d6 dan dién cao
hon so véi cac ddng phan meta cia ching. Céac nhom cubi gin 1én cac day phan tr OAE khac
nhau da dugc nghién ciru, trong dé cac nhém cudi duogc sir dung rong rai nhét cho cac mdi ndi
kim loai —phan tu-kim loai (thudng Au-phan tu-Au) 1a cac nhém thiol (—SH), Pyridine (—
CsHaN), Amine (-NHz), Methyl thioether (-SMe), Cyano (—CN), nitro (-NO>), Isocyano (-
NC) (Mowbray et al., 2008). Ngoai ra, cac nhom day dién tir nhu —CH;, -NH, ciing 1a mot
trong nhitng nhém the tiém nang bén canh cac nhom thé rat dién tir nhu —CN, —Cl, —-NO,. Cac
phép do do dan dién ctia mdi ndi don cho thy chiéu dai day phéan tir trong OPE c6 thay thé
nhoém —NH, 1a chiéu dai t6i wu dan dén gia tri 46 dan dién cao (Jasmin Finkelmeyer et al.,
2025), ciing nhu sy van chuyén phi tuyén tinh trong cac méi ndi & quy mé phén tir OPE ¢6
lién két nhom —NO, da khoi goi nhing goi ¥ cho cac ting dung tinh toan va chuyén mach dwa
trén dién tur phan tr (Robey et al., 2007).

Xuét phat tir thue tién va nhu ciu cip thiét Vé viéc nghién ctru kha ning truyén dan dién
tur cua oligo (phenylene ethynylene) va cac dan xuét, chiing toi tap trung khao sat va danh gia
mot cach chi tiét anh huong ctia cac phdi tir 1én kha ning van chuyén dién tich cia _day phan
tir OPE trung tdm thong qua cac phuong phap tinh toan hoa hoc lwong tir. Cac két qua thu
dugc ky vong s& gop phan xiy dung co s 1y thuyét, tir 46 dinh hudng va thuc diy cac nghién
ctru thuc nghiém trong linh vuc dién tr phan ta.
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2. Phwong phap nghién ctru

Téi wu hoa ciu trac phén tir va xac dinh dong phan bén 1a giai doan dau tién va quan
trong nhat khi tién hanh nghién ctru hop chét bang hoa hoc tinh toan. Qui trinh bat dau tir viéc
xay dung cdu tric ctia phan tir hop chét bang phan mém Gaussview. Tt ca cac tinh toan dugc
thuc hién bang phuong phap 1y thuyét ham mat do (DFT) véi gbi chuong trinh Gaussan 16
(Frisch & cs., 2016). Thyc hién t6i wu héa ciu triic hinh hoc bang bd ham co s B3LYP/6-
31G va B3LYP/6-311++G(d,p) voi cac tinh toan phu hop cho trang thai co ban va trang thai
kich thich. Sau d6 két qua | t6i uu hoa s& duge kiém tra lai dua trén phan mém GaussView bang
viéc kiém tra cAu tric va tan s6 dao dong ciia phan tir. Tinh tan s6 dao dong diéu hoa nham dé
xac dinh chu triic duogc toi uu hoa tuong mg vai cuc tiéu dia phuong hay trang thai chuyen
tiép trén bé mat thé nang. Mot ciu truc 1a ben nhat khi c6 nang lugng thap nhat va tan sb dao
dong cua chung khong am. Qua trinh tinh tan s6 dao dong dicu hoa s& cung cap nhiéu thong
tin quan trong vé tan s dao dong diéu hoa, kiéu dao dong diéu hoa, nang lugng diém don cta
phan tir va cac dai luong hiéu chinh nhiét dong hoc (Francl & cs., 1982; Hariharan & Pople,
1973). Dbi voi hé véo mo (open-shell) phuong phap UB3LYP duqc st dung két hop bo ham
co s6 tuong tu nhu cau tric vo dong (closed — shell) trong viée dyu doan cac thong sé hinh hoc
va tinh chatvan chuyén dién tich cia hé lién hop © trong hop chét hiru co.

Theo mé hinh 1y thuyét budc nhay dién tir cia Marcus — Hush da giai thich (X.-Y. Li &
cs., 2000; R. Marcus, 2020; R. A. Marcus, 1993; S. Nelsen & cs., 2001; S. F. Nelsen &
Blomgren, 2001; Sakanoue & cs., 1999), vé co ché van chuyén dién tir thong qua 16 tréng va
hat tai dién & cac phan tr hitu co 1an can nhau ¢ dang tinh thé nhu 1a mot phéan ng ty trao ddi
v6i hing sb toc do truyén dién tir, dugc tinh bang cong thire (1):

K—<i>;ex(—l> 1
%) i P\ kT O

Trong do:
t: tich phan chuyén gitta hai phan tir lién ké.
A: nang luong tai to hop lai cdu triic phan ti.
kg: hing sé Boltzmann.
T nhiét d6 tuyét doi (K).
K: hang s tdc do truyén dién tir

Tir biéu thirc (D d& dang thiy mdi quan hé phy thudc gitra hang §6 téc do truyén dién
tr v6i tich phan chuyén gilta hai phén tir va nang luong tai t6 hop lai cau trac phén tir. Tich
phan chuyén duoc xac dinh boi biéu thire sau: (Troisi & Orlandi, 2001, 2006; Yin & cs., 2006)

t = <¢?,sitellF|¢]{J,sit2> (2)

V6i et va ¢**? 1a HOMO va LUMO ctia céc phan tir thir 1 va 2 tuong timg.

F' 1a toan tur Fock, trong do FC = SCe (phuong trinh ma trén Roothaan-Hall). V61 C
12 ma tran cac hé s6 t6 hop can tim cho cac orbital phén tir, & 1a ma tran ning luong clia cac
orbital phan tir, S 1a ma tran cuda tich phan xen phu cta cac phan tir. Phuong trinh ma tran
Roothaan-Hall dwoc giai bing phuong phép truong tu hop HF (Hartree-Fock). Chung ta can
lwu ¥ rang tich phan chuyén 1a mot ham phu thudc vao tinh chat va hé thong nhing gid tri cia
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phuong phap HF (X.-K. Chen & cs., 2012; Huang & Kertesz, 2004; Huong & cs., 2012; H. Li
& cs., 2012; Sutton & cs., 2013; Tang & cs., 2012; Yang & cs., 2007).

Tich phan truyén cho 15 tréng (t,) bang mot phan hai ctia chénh léch ning lugng gitra
HOMO va HOMO-1 ctia dimer. Tich phan truyén cho electron (t.) thi dugc tinh bang mot
phan hai ciia chénh léch nang luong giira LUMO va LUMO+1 ciia dimer. Phuong phap nay
phii hop va hiéu qua dé xac dinh tich phén truyén dién tir tir nhidu hop chét hitu co.

3. Két qua va thao ludn
3.1. Céu tric hinh hoc va @9 bén ciia OPE va ic OPE c6 phoi tir

Dé khao sat anh huong clia cac phdi tir 1én tinh chat quang-dién tir ctia day phén tir OPE,
nghién ciru tién hanh gan cac phdi tir 1én day phan tir trung tim OPE va t6i uu hoa cau tric
ctia hé, cac cdu trac sau tdi wu duge trinh bay nhu Bang 1. Cac phdi tir dwoc nghién ctru Iya
chon khao sat gdm nhom cac phdi tir ddy dién tir nhu -CHs, -NH, va cac nhom thé rat dién tir
gém -CN, -Cl, -NO,. Tt ca hinh hoc cta cac hop chit duoc tbi wu hoa va tinh toan tan sb dao
dong diéu hoa sir dung bo ham lai B3LYP vdi cac bo co s 12 6-31G (d,p) va 6-311++G (d,p).
Tir cac két qua tinh toan cho thay khong c6 su khac biét qua 16n vé cac chi s6 do dai lién két
cua cac nguyén tir khi so sanh gifra cac bd ham co s& st dung. Dac biét, phuong phap tinh toan
dira vao b ham co s6 6-31G (d,p) cho két qua gan giéng voi két qua ctia bai bao di duoc cong
bd trude day (Chai & cs., 2011; Gahungu & cs., 2006; Gahungu & Zhang, 2008; Kim & cs.,
2007; Mas-Torrent & cs., 2004; Nan & cs., 2009; Wartelle & cs., 2003). Diéu nay cho thiy,
bd ham co s¢ 6-31G (d,p) dang tin ciy dé khao sat cdu triic ciing nhu cac dic tinh van chuyén
dién tich cta chat ban dan hitu co.

Tu két qua tinh toan tén s6 dao dong diéu hoa cua cac hé toi uu hoa déu khong xuat
hién tan s6 dao dong o (tan s6 dao dong am) chung to rang cAu triic toi uu cta hé tuong ung
cac diém cyc tiéu nang luong trén bé mit thé nang. Mot trong nhiing diém dang noi bat khi
nghién clru céc dong phan caa OPE 1a hé phdi tir NH: (3) va NO; (6), ca hai h¢ khi tbi uu hoa
déu xuat hién nhiéu loai nhém diém dbi xung voi tan s6 dao dong khong &m, cu thé hé s6 (3)
¢6 nhom diém ddi ximg Ci, Cz va Cay, hé s6 (6) c6 nhém diém ddi xing 1a C; va C,. Tuy nhién
khi so sanh mirc ning lwong sau t6i wu thi phan tir s6 (3) & nhom diém ddi xing Ca, va phan
tir s6 (6) & nhom diém d6i xting C; c6 mirc nang lugng thap hon nhém diém con lai. Do d6
toan bo nghién ciru nay sir dung phéan tir (3) va phan tir (6) do. Cau triic hinh hoc cta cac phan
tir (1), (2), (3), (4), (5), (6) & trang thai co ban (Sp) va triplet (T1) duoc thé hién trong Hinh 1
va Hinh 2.

Bang 1 va Hinh S1 dén S8 cung cép gia trj tinh toan vé do dai lién két, goc nhi dién va
moment ludng cuc & mdi trang thai cua cac chét tir (1) dén (6). Do dai lién két cua carbon (C)
v6i cac nguyén tir trong hop chat khong co sy thay ddi 16n giita dang trung hoa, dang tich dién,
cling nhu trang thai co ban hay trang thai triplet. Do dai lién két ciia nguyén tir carbon dao
dong vao khoang 1.39 A-1.51 A, do dai ctia nguyén tir carbon véi cac phdi tir ¢ sy ting dan
theo thir tw C-N (-NHz) < C-N (-NO) < C-Cl, gia tri nay phu hop tot véi gia tri thuc nghiém
(Radula-Janik & cs., 2015), diéu nay cung cip do tinh cay cho cac cdu tric duoc nghién ctru.
Theo bang s6 liéu, moment cta cac phan tir (1), (4), (5), (6) & trang thai trung hoa, cation va
anion déu c6 gia tri béang 0 chimng t6 cac hop chat nghién ctru dong phing va c6 tinh déi xtng
cao, phan tir s (3) c6 su thay ddi 16n vé goc nhi dién ciing nhu moment ludng cuc & trang thai
cation, do d6 c6 thé du doan nang lugng tai to hop 10 tréng ctia phan tir s6 (3) s& cao hon cac
phén tir con lai.
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Hinh 1. Céu triic ciia OPE, va cac din xuit & trang thai co ban (S0)
tai mirc ly thuyét 6-31G(d,p)
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Hinh 2. Céu tric ciia OPE va cac din xuét & trang thai triplet (T1)
tai muc ly thuyét 6-31G(d,p)

Bang 1. Goc nhi dién, moment luomg cuc (Debye) ciia cic chat nghién ciru & trang thai
co ban (S0) va trang thai tich dién (anion, cation) ¢ mirc ly thuyét (U)B3LYP/6-31G(d,p)

Goc nhi dién (°)

Trang thai Sy
1 2 3 4 5 6
Trung hoa 0.00 30.18 24.04 90.00 0.00 0.007
Cation 0.00 29.73 0.027 90.00 0.00 0.017
Anion 0.00 30.73 30.60 90.00 0.00 0.003
p trung hoa 0.00 0.09 2.06 0.00 0.00 0.00
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] cation 0.00 0.15 0.00 0.00 0.00 0.00

1 anion 0.00 0.05 2.66 0.00 0.00 0.00

Bén canh do, dé danh gia do linh hoat Vé kha niang van chuyén dién tich ciia electron va
16 tréng (hole) can xét dén ning luong tai t6 hop (reorganization energy). Nang luong tai to
hop duogc xem 1a tong nang lugng & trang thai nghi ctia phan tir khi chuyén tir trang thai trung
hoa sang trang thai mang di¢n tich (cation hodc anion) va nguoc lai. Mot phan tu thé hién téc
d6 truyén dién tich nhanh (high rate of charge hopping) khi n6 c6 ning luong téi to hop (1)
thip (Huong & cs., 2012). Ning luong ctia OPE va cac OPE phdi tir & trang thai trung hoa va
trang thai kich thlch dugc nghién ctru tinh toan trong pha khi va cac dung méi khac nhau (Bang
2). Dya trén s6 liéu ning luong tai to hop () cua cac cau truc OPE trong ba moi trudng gom
gas, chloroform va acetonitrile, c6 thé nhan thiy su khac biét rd rét vé kha néng vén chuyen
dién tich giira cac cdu tric. V&i van chuyén electron (L), cdu triic 5 cho két qua thap nhat va
on dinh & ca ba moi trudng (7T ~ 0,223 eV), ké tlép 1a cAu triac 2 va 4 (Ae = 0,227 eV). Béi voi
véan chuyen 16 tréng (M), cdu tric 4 va 6 cho thay su vuot trdi v6i niang luong tai to hop 18
trong lan luot 12 0,160 eV, 0, 177 eV. Khi xét d6 can bang gitra kha nang van chuyen electron
va 13 trong (AL = |A — M), cdu trac 5 thé hién tét nhat (AA = 0.023), tiép dén 1a cau trac 2 (=
0.027), cho thiy déy 1a ban dan ambipolar tiém nang. Nguorc lai, ciu triic 3 ¢6 A, = 0,263 eV
va Ah~ 0.343 eV v&i AL~ 0.080, cho thiy kha nang van chuyen tuong dbi kém so Vi cac OPE
phdi tir con lai. Tur cac két qua trén, co thé thdy rang cau trac 5 1a ung cir vién tiém ning cho
ban din loai n, dong thoi cau trac 2 va 5 ¢6 kha nang ing dung cho vat liéu ambipolar; cau
triic 4 va 6 ¢ thé xem xét nhu bén din loai p.

Bang 2. Nang luwgng tai to hop ():, eV) electron (A.) va 16 tréng (M) ciia céc cAu tric
dwgrc tinh toan ¢ mirc ly thuyet B3LYP/6-31G(d,p)//B3LYP/6-311++G(2df,2d)

) Gas Chloroform Acetonitrile
Cau truc

Ae An AL Ae An Al Ae An AL
1 024 019 005 023 0.19 004 023 0.19 0.04
2 023 020 003 023 020 003 022 020 0.02
3 029 037 008 026 034 008 024 032 0.08
4 023 0.16 007 023 0.16 007 022 0.16 0.06
5 023 021 002 022 020 002 022 019 0.03
6 026 0.19 0.07 025 017 0.08 025 0.17 0.08

3.2. X4c dinh phé IR

Ph6 IR ctia cac dan xuat oligo(phenylene ethynylene) (OPE) mang cac phdi tir NO, Cl,
CN, NH: va CHs cho thiy su khac bit rd rét vé dao dong déc trung (Hinh 3). Dao dong kéo
gidn C=N (~2311 ecm™) chi xuét hién & OPE-CN. Trong khi dao dong NO: khoang 1389 va
1601 cm™ dic trung cho OPE-NO.. OPE-NH. thé hién dao dong kéo gian N—H trong ving
3200-3400 cm ' va bién dang goc C=N vio khoang 532 cm ™, con OPE-CI ¢6 dai hap thy C—
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Cl trong ving 600—1300 cm™. Cac phd cho thiy ring dao dong C—H trong ving khoang 3200
cm™. So voi OPE khong phéi tir, cac phdi tir dién tir khac nhau anh huong dang ké dén vi tri
va cuong d6 cac dinh hép thu. Cu thé, sy xuét hién cta cac dao dong kéo gidn cod cuong do
manh va sdc nét (nhu C=N, NO:) phan 4nh mirc d6 phan cuc cao va lién két bén viing hon, do
tac dong cia cac phdi tir hut dién tir. Nhitng phéi tir ndy thudng on dinh héa khung © bang
hiéu g cam tng va lién hop, tir d6 gop phan ting d6 bén téng thé cua cdu tric phan tir.
Nguoc lai, cac phéi tr déy dién tir nhu NH: va CHs c6 thé lam giam tinh phan cyc ciia mét )
lién két, dan dén dao dong yéu hon hoac it xac dinh, phan anh sy phan bd dién tr kém 6n dinh
hon tai mot sb vung trong phan tu. Nhu vay, su khac biét trong dac trung dao dong IR co thé
duoc sir dung gian tiép dé danh gia anh hudng cua phdi tir dén do bén cau tric ctia hé OPE.

Bang 3. Tan s6 dao dong ciia cac nhém chirc trong phan tir OPE va cac din xuit

Loai dao dong Tn s6 (cm™) Céu tric twong \ing

Aromatic C-H stretching 3198

852

Aryl C-H out-of-plane

deformation 772
704
2313
C=C stretching
2304
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Loai dao dong Tén s6 (cm™) Céu tric twong g

NO; asymmetric

stretching 1601

NO; symmetric stretching 1389

1659
N-H deformation 1476
1324
Amine (N-H) 3576
-CH3 bending 1426
-C-Cl 702
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Loai dao dong Tin s (cm™) Céu tric tuong ing

C=N stretching 2311

C=N wagging 532

i ' ' I OPEND, —OPENH;
0 1 |—0PE.CI —OPECH;
1000 = |—ope.cy —0FE

500 [ ]

240
160
80

29| | :
146 [ . ]

—
o3
T
1

IR intensity
[

l L l
0 2000 4000
Frequency, cm’”

Hinh 3. Phd IR ciia OPE va cac din xuét & mirc 1y thuyét 6-31G(d,p)
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3.3. Ning lrong twong tac dimer va tdc d truyén dién tich

Bén canh ning lugng tai t6 hop thi ning luong twong tac dimer gitra cac monomer ciing
1a mot thong tin quan trong trong viéc danh gia kha nang van chuyén dién tich. Ciu trac hinh
hoc cta dimer duge xay dung bang phan mém Gausview theo phwong phap tinh tién song
song va duoc t6i uu hoa tai muc 1y thuyét B3LYP-D3/6-3 1G(d,p). Nang luong diém don dugc
tinh toan v6i bd ham co s 16n hon 6-311++G(2df,2p). Ciu trac tdi wru cua cac dimer trinh bay
trong Hinh 4. Két qua tinh toan khoang cach dimer, ning luong tuong tac, tich phan trao doi
va tdc d6 truyén dién tich cac chat nghién ctru dugc dua ra trong Bang 4.

Hinh 4. Céu tric dimer ciia OPE va cac din xuét & mirc 1y thuyét B3LYP/6-31 G(d,p)
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Khoang cach dimer dao dong trong khoang tir 3.73 dén 4.04 A. Ning luong tuong tac
dimer ciia cac chat nghién ctru dao dong tir 2.04 dén 2.69 eV. Tich phén trao d6i 16 trong cua
céc chat dao dong tir 0.024 dén 0.095 eV, tich phén trao doi electron co gia trj trong khoang
tur 0.022 dén 0.056 eV. Gia tri toc do tmyen dién tich cta phén tu sO (2), (3) va (5) la ndi troi
nhat vé su can bang giira toc do truyen dién tir va téc do truyén 16 trong do d6 co thé hi vong
nhimg phan tir nay s€ c6 hiéu suit phat quang cao. Két hop voi Bang 2, co the phan tich va
danh gia cac mau nhu sau: ciu tric OPE ph01 ttr -NH, ndi bat véi toe do tmyen cao nhat cho
ca electron va 15 tréng nho tich phén trao ddi 16n, du A kha cao. Céu trac véi phdi tir -Cl ¢6 uu
thé vé van chuyén electron do A rat thép, gitip tc do truyén electron dat mirc cao du tich phan
trao do6i khong 16n. Cau trac ¢6 phdi tir -NO, the hién tinh phi d6i xting véi kha nang van
chuyén 13 tréng rat tot nho tich phén trao d6i 15 trong cao, nhung van chuyén electron yéu do
tich phan trao doi dién tr nho nhat Nguoc lai, cau trac CHs keém hiéu qua nhét vi tich phan
trao d6i rat nho, khién téc do truyen dan thap du A khong qua cao. Anh huorng cua dung moi
(chloroform, acetonitrile) lam giam nhe A & ca electron va 16 trong, gitp cai thién vén chuyen
s0 v6i pha khi. Phan tich sdu hon vé& gia tri truyén dién tich, thi téc do truyén dién tich 15 trong
ndi troi nhat ciia 3 phan tir c6 gan nhom thé 1an lugt -NO,>-NH, > —CN. Khoang cach dimer,
ning luong tuong tac, tich phan trao doi va toc do truyén dién tich ctia cic chét nghién ciru
dugc tinh toan trong cac dung moi twong tng trinh bay bd sung cu thé trong Bang S1.

Bang 4. Khoang cich dimer Dgimer (A), ning lwong twong tic Eix (eV), tich phin trao ddi
t (eV) va toc d truyén dién tich K (s) trong pha khi

Céu tl‘l’lc Ddimer (A) Eint (eV) th (eV) te (meV) Kh (S-l) Ke (S_])
1 3.75.3.80 2.04 0.045 0.033 1.15x10'3 | 3.74x10'
2 3.76-3.79 2.46 0.021 0.046 220102 | 8.38x10!2
3 3.04.3.86 2.52 0.264 0.141 6.13x103 | 3.72x10'3
4 377-4.15 2.39 0.049 0.025 2.00x10" | 2.45x10"2
S 377384 | 234 0.030 0.037 | 452107 | 5.14x10"
6 3.51-3.85 2.69 0.100 0.011 6.29x10'3 | 2.80x10!!

4. Két luan

Két qua ctia nghién ciru ndy da chimg minh vai trd quan trong ciia cac phdi tir gan vao
phan tir oligo giup cai thién déang ké do 6n dinh cu trac phan tir. Théng qua cac tinh toan ly
thuyét phiém ham mét do tai muc 1y thuyét B3LYP/6-311++G(2df,2p)//B3LYP/6-31G(d,p), cc
phén tir OPE khi duoc gan thém phdi tir khac nhau (-CHs, -NH,, -C, -CN, -NO,) déu dat trang
thai toi uru twong g véi cuc tiéu nang luong trén bé mit thé niang, thé hién qua viéc khong xudt
hién tin s6 dao dong a0. Dic biét, cac phéi tir -NH, va -NO; 1am xuat hién dong thoi nhidu nhom
diém ddi xtmg 6n dinh. Trong do, phéi tir -NHa cho cau tric 6n dinh nhat & nhom ddi xtmg Ca,
con phéi tir -NO; tao nén trang thai 6n dinh nhat & nhom dbi xtmg C;, thé hién qua mirc ning
luong thdp nhit so v6i cac trang thai khac. Cau triic OPE phdi tir -NH,, -Cl, -NO, cho két qua
ndi bt cho kha ning truyén dan. Anh huéng cia dung mdi chloroform va acetonitrile giup cai
thién van chuyén so véi pha khi. Diéu nay chimg t6 rang viée gin cac ph01 tur thich hop 1én OPE
khong chi tao nén da dang vé trang thai d6i ximg ma con giam dang ké nang luong téng thé,

tang do 6n dinh cAu trac phan tir. Nghién ctru ndy chi ra rang viée lua chon phéi ttr phit hop c6
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thé diéu chinh hiéu qua cu tric va do bén phan tir, tir d6 t6i uu héa kha ning img dung cua cac
phan tr OPE trong cac h¢ thong va thict bi dién tr phan tir tién tien.
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THONG TIN BO SUNG

Hinh S1. Ciu triic va d dai lién két ciia OPE & trang thai (a) trung hoa, (b) cation, (c)
anion

PL1
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Hinh S2. Ciu triic va d§ dai lién két cia OPE-CH3 ¢ trang thai (a) trung hoa, (b)
cation, (c) anion
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Hinh S3. Céu triic va d9 dai lién két cia OPE-NH. ¢ trang thai (a) trung hoa, (b)
cation, (c) anion
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Hinh S$4. Ciu tric va dd dai lién két cia OPE-CN & trang thai (a) trung hoa, (b) cation,
(¢) anion

PL4
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(©)

Hinh S5. Ciu tric va dj dai lién két cia OPE-CI & trang thai (a) trung hoa, (b) cation,
(c¢) anion

PLS5
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Hinh S6. Céu triic va d dai lién két cia OPE-NO; & trang thai (a) trung hoa, (b) cation,
(c) anion
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Hinh S7. Ciu triic va d9 dai lién két ciia cac chat OPE, OPE-CH; va OPE-NH, & trang
thai triplet
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OPE-NO;

Hinh S8. CAu tric va dd dai lién két ciia cac chit OPE-CN, OPE-Cl va OPE-NO2 &
trang thai triplet
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Bing S1. Khoang cach dimer (Dgimer, A), niing lwgng twong tac (Eix, €V), tich phan trao
doi (z, meV) va toc dd truyén dién tich (K, s™) trong cidc dung méi twong ng

3.75-3776 | 236 | 0.050 | 0.002 | 2.11x10" | 2.60x10'°
3.77-3.85 1 243 | 0.034 | 0.018 | 6.65x10'2 | 1.29x10"
3.45-3.80 | 270 | 0.090 | 0.033 | 6.30x10" | 3.03x10"

As A , Ddimer Eint th te Kh Ke
Dung méi | Cau truc ( A) @V) | (mev) | (mev) (s7) (s
1 3.80-3.81 | 196 | 0.053 | 0.022 | 1.68x10" | 1.85x10'2
2 3.74-381 | 236 | 0.037 | 0.030 | 7.52x10'% | 3.43x10"
3 3.21-410 | 234 | 0.030 | 0.041 | 5.22x10" | 2.90x10"3
Chloroform
4 3.77-3.78 1 232 | 0.056 | 0.003 | 2.65x10" | 3.05x10'
5 3.77-3.84 | 236 | 0.034 | 0.025 | 6.53x102 | 2.57x10'
6 3.45-3.81 | 266 | 0.087 | 0.018 | 5.57x10" | 9.15x10"!
1 3.67-3.80 | 195 | 0.052 | 0.018 | 1.67x10" | 1.21x10"
2 3.73-3.80 | 230 | 0.041 | 0.024 | 2.11x10" | 5.23x10"
o 3 3.20-4.05 | 233 | 0.090 | 0.006 | 5.05x10" | 2.09x10'3
Acetonitrile
4
5
6

PL9




