Khoa hoc Tu nhién

7 A N ’ ' N o ’ 7N ain ’
Anh hudng cla su thay doi cau trdc cation dén tinh chat hoa ly va dién hoa
cua chat long ion nhém ammonium t{ cap
V6 Duy Thanh®, Lé My Loan Phung, Phiing Quén, Tran Vin Min
Khoa Hoa, Truong Dai hoc Khoa hoc Tw nhién, Pai hoc Quéc gia TP H6 Chi Minh
Ngay nhédn bai 11/10/2016, ngay chuyén phan bién 18/10/2016, ngay nhan phan bién 14/11/2016, ngay chép nhan dang 18/11/2016

Chit Iéng ion (ILs) trén co sé mudi ammonium tir cAp va anion bis(trifluorometansulfonil)imidur
(R,R,R,R NTFSI) dugc tong hop va khio sat tinh chit hoa Iy va dién héa dé ing dung 1am chit dién giai
trong pin lithi-iop. Su thay d@i cau trﬁg cia cation ammonium do chiéu dai day alky} quanh cic nhom R,
R, R,, R, dan dén sw thay doi tinh ghﬁt nhiét (nhiét do n(’)pg chay, thiy tinh hoa, két tinh, phan hﬁy), (jl(f)
nhdt, ty trong, do dan dién va do beén oxy hoa khir ciia chat 16ng ion. Trén co' sé xem xét sw thay doi cau
triic - tinh chit ciia chét 16ng ion két hop véi tinh toan HOMO va LUMO vé dd bén oxy héa khir da giup
xéc dinh cAu tric téi wu ciia cation va chit 16ng ion tong hop dé dat dwoc tinh niing dién héa tét nhit dinh
huéng ing dung dé thay thé cac hé dién giai trén co s¢ dung méi hiru co' ¢6 nguy co giy chay nd trong pin

sac lithi-ion.

Tir khéa: ciu triic cation, chit léng ion, day alkyl, d¢ bén oxy héa khir, pin sac lithi-ion.

Chi s6 phén loai 1.4

Mo dau

Chat 16ng ion 1a mot dang mudi néng chay & nhiét
d6 thap, trong khoang 25-100°C, hop chat duoc cu
tao chui yéu boi anion hitu co két hop véi cation hitu
c0/v6 co hodc ngugc lai [1, 2]. Chinh vi thé, chat long
ion kha da dang va ciing c6 thé thiét ké duoc chit long
ion véi cac tinh chit mong mudn dwa trén su thay doi
ciu tric ciia cation hay anion. Diém ndi bat cta chat
long ion 14 ¢6 thé sir dung nhu dung moi dé hoa tan,
tach chiét, sur dung nhu xuc tac, phu gia hay chét dién
giai trong ngudn dién hoa hoc (pin nhién liéu, pin sac
lithi) [3-5]. Chat 1ong ion chu yéu gdm céac ion nén
ngoai kha ning co thé hoa tan cac hop chit phan cuc
thi c6 thé dan dién duge dudi tac dong cua dién truong.
Do vay, chat 1ong ion c6 thé ing dung lam chét dién
giai thuwong mai dé thay thé cac dung méi hiru co phan
cuc hién nay dang 1a nguyén nhan chinh dan dén gay
chay nd trong pin sac lithi-ion.

Chat 1ong ion c6 thé phan thanh cic nhom chinh
trén co s& cation gdm co: pyrrolidinium, piperidinium,
ammonium t¢ cdp (quaternary ammonium),
imidazolium... Cac anion thudong dugc sir dung két

hop dé tao nén chat long ion & nhiét d6 phong nhur:
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anion triflate, bis(trifluoromethanesulfonyl)imide,
anion BETI. Trong d6, nhém chat long ion trén co s&
ammonium tir cip, pyrrolidinium, imidazolium v&i
anion bis(trifluoromethanesulfonyl)imide dugc nghién
ctru chi yéu dé ing dung lam moi trudng dién giai. So
v6i chat 16ng ion nhém pyrrolidinium, imidazolium thi
chat 1ong ion nhom ammonium t& cap c6 do bén oxy
héa khir tot nhat, nhung nhuoc diém chinh 13 d6 nhét
thuong 16n hon so véi chat 16ng ion khac. Dé khac phuc
nhuoc diém 16n vé do nhét, su thay d6i ciu trac cation/
anion duoc xem xét dé dat duoc tdi wu vé do nhét, do
dan va do bén oxy hoa khu. Trong nghién ctru nay, sy
thay doi do dai day alkyl trén cation ammonium tt cip
dugc xem xét anh huong dén tinh chat hoa 1y va dién
hoa cua chat 1ong ion tong hop, trén co s¢ két hop voi
cac két qua tinh toan lugng tir vé ning lugng lién két
HOMO va LUMO dé giai thich méi lién hé giita cau
trac va tinh chat cta chét long ion.

Phuong phap nghién ciu

Téng hop chit long ion

Chat 16ng ion duoc tong hop qua hai giai doan chinh
1a tao mudi halogenur ammonium ti cip va tao chat
16ng ion thong qua phan tng trao ddi ciia halogenur
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The effect of cation structure to the
physicochemical and electrochemical
properties of quaternary ammonium ionic
liquids

Summary

Ionic liquids (ILs) based on aliphatic
quaternary ammonium cations and
bis(trifluoromethanesulfonyl)imidur anions
(R RRRN'TFSI) are synthesized and
physicochemically and electrochemically
characterized for using as electrolytes in lithium-
ion batteries. The alkyl ammonium cation
structure was investigated by changing the alky
chain length of R, R,, R,, R, alkyl substituents.
The results of thermal properties (melting
point, crystallization, and glass transition
temperature), viscosity, ionic conductivity,
and electrochemical stability combined with
HOMO/LUMO calculation explained the cation
structure - properties relation as well as predicted
the optimized ionic liquids for replacing the
conventional electrolytes in lithium-ion batteries.

Keywords: alkyl chain length, cation structure,
ionic liquid, lithium-ion batteries, oxidation
stability.

Classification number 1.4

ammonium t& cap va mudi lithium. Qua trinh tong
hop va lam sach chat long ion nhom ammonium ti
cap dugc mo ta chi tiét trong nghién ciru trude day ciia
M.L.P. Le va cOng su [6].

Diéu kién phan ung tot nhat v6i hiéu suit tong
hop chat 16ng ion c6 thé dat dugc khoang 90%. Chat
long ion sau khi tong hop s& dugc lam khan trong ti
sdy chan khong Buchi & nhiét do 100°C va bao quan
trong budng chan khong ddi luvu khi Argon (ham luong
nude va oxy duge kiém soat nhé hon 5 ppm). Co cu
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ctia chat 16ng ion dugc xac dinh bang phé 'H-NMR,
BC-NMR trong dung méi DMSO cho thay chat long
ion tong hop c6 ciu tric va do tinh khiét dat yéu cau
dé ung dung lam chét dién giai trong pin sac lithium.

Khdo sdt tinh chit héa Iy va dién héa

Tinh chét nhiét ctia chat 1ong ion gdm nhiét 49 nong
chay (T ), nhi¢t do két tinh (T, nhi¢t d6 thuy tinh hoa
(T,), nhiét dd phéan huy (T,) cua chat 16ng ion dugc xac
dinh bang phuong phap do nhiét trong lugng (TGA)
trén thiét bi Q500 TA Instrument (My) va phuong
phap phén tich nhiét vi sai (DSC) trén thiét bi 1 STAR
METTLER TOLEDO (Thuy S¥). Téc d6 gia nhiét 1a
10°C/phut trong mdi truong khi Nito (N,).

Do nhot cia chat 1ong ion dugc xac dinh bang
nhét ké Ostwald CANON 150 & nhiét do phong. Phép
do do nhét duge thuc hién trong budng chan khong
dbi luu khi argon. Ty trong cuia cht 16ng ion dugc xac
dinh bang phuong phap khdi lvong & nhiét do phong,
trén can phan tich OHAUS (M¥) c6 d6 chinh xac 1 mg.

Tinh chat dién hoa cta chit 1ong ion va mudi liti
bis(trifluorometansulfonil)imidur (LiTFSI) dugc danh
gi4 bang phuong phap quét thé vong tuan hoan (Cyclic
Voltammetry - CV) va phuong phap do phéng sac vai
dong ¢ dinh (Galvanostatic cycling with Potential
Limitation). D6 bén oxy héa khtr cua chat 1ong ion va
hé dién giai dugc thuc hién trong hé do dién hoa gém
ba dién cyc: dién cyuc 1am viéc 1a dién cuc khdi platin,
duong kinh 1 mm, dién cuc so sanh la Ag/AgNO,
(0,001M)/TPAB (0,01M), dung moi acetonitrile (gia
tri thé 12 0,548V so véi dién cuc hydrogen tiéu chuan
va 3,548 so véi dién cuc Li*/Li), dién cuc ddi 1a thanh
platin. Do d¢ dan bang phuong phép tong trg dién hoa,
trong ving tan s6 10 mHz - 105 MHz, trén thiét bi dién
hoa VSP 3B Biologic (Phap) sir dung phan mém EC-
Lab phién ban v10.36.

Chat 16ng ion véi cau trac cation ammonium i cap
[N,,,]" duoc tinh toan 1y thuyét vé nang lugng HOMO,
LUMO bang cach su dung phan mém Gaussian két
hop véi mot s6 phan mém hoa hoc hd trg khac nhur
Gaussview (hinh 1). Céu truc cac cation ammonium
t6i wu hoa bang phuong phap Hartree-Fock (HF) va
phuong phap phiém ham mat d6 DFT cung véi bd ham
co s& B3LYP/6311++G(2d,p). Tir ciu truc di duoc
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t6i uu héa tinh ning lugng tong, ning luong diém
khong (ZPE), m6 men ludng cuc, nang lugng HOMO,
LUMO.

CHj R,

! Nu

\"’/CH Q’l R

R1, R2, R3: ¢6 thé 1a metyl, etyl,...; X c6 thé 12 butyl, hexyl hay octyl

Hinh 1: cdu triic ciia cation ammonium tr cdp
Két qua va thao luan
Tinh chat nhiét cia chit long ion

Céc chat long ion vé6i cation ammonium tir cap
mach thang va anion bis(trifluoromethane sulfonyl)

imide da tong hop vai higu suat cao gom: N, ,,TFSI
(83%); N, ,, TFSI  (87%); N, TFSI (97,5%);
N,,,,TESI(96%); N, TFSI (100%); N, TFSI (97%);

N .,,TESI (98%). Cac chat tong hop dugc dinh danh

b?mg 'H-NMR, *C-NMR va ph6 LC-MS cho thiy san
pham sach va dat yéu cau dién hoa.

Tinh chit nhiét cta chat long ion bao gém nhiét do
noéng chay (T ), nhi¢t do két tinh (T), nhi¢t do thuy
tinh hoa (T ) va nhiét d§ phan huy (T d) duoc xac dinh
bang phuorng phap phan tich nhiét vi sai (DSC) va
nhiét trong lvong (TGA). Nhiét d6 nong chay cua cac
chat 1ong ion phu thudc vao kich thudc cua ca cation
1an anion, nang luong lién két lién phan tu, tinh d6i
Ximg trong co cu cation, anion va do tw do trong phan
tir chit 16ng. Cac chat 1ong c6 cung anion, khi day
alkyl trén cation cua chit long ion amonium tir cap
mach thang cang 16n thi nhiét d6 nong chay cang giam
(bang 1).

Bang 1: cac gia tri vé rghiét do, do nhot, khoi luong riéng, do dén ion
cua cdac chat long ion nhom ammonium tir cap

N, TSI 12 45 -66 14 55 33
N, TESI -10 46 14 704 26
N, TESI -8 403 21 13 949 19
N,,, TFSI 10 46 4 14 850 28
N, TESI 15 45 - 13 88.4 18
NWTFSI 47 485 -14 12 289,0 0,7
N, TFSI 9 433 7 12 2690 07
M LiPFh/“ECDMC 12 31 45
EMITESI [7] -16 414 -35 1,5 249 24
PyNTFSI (8] -5 418 -87 14 81 2,6
PPMTFSI [9] - 408 17 13 173 0,6
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Chat 16ng amonium tr cAp mach thing téng hop véi
cation c6 tinh bat ddi ximg cao (N, TFSL N, , 4TFSI
N, ,,TFSI) }élm cho r}hiét dd nong clrlay (T) thip
hon dang ké so v6i cau trac co tinh doi xing (N, ,
N,,, TFSI). Cu thé trong két qua phan tich cia M.L.P.
Le va cac cong su [6], cac chat ILs c6 tinh ddi ximg
caonhuN TFSI(T =109C); N, TFSI(T =32°C)
hay N, TFSI (T = 129°C) thi nhi¢t d0 nong chay s&
16n hon céac ILs khac. Cac chat long ion déu bi phan
hiy & nhiét do rat cao (> 350°C). Két qua phan tich
nhiét cho thdy cac chit 16ng ion véi cation ctia nhom
amonium t& cAp mach thang da tong hop déu co6 nhiét
d6 phan huy rat 1y tuong (16n hon 400°C), trong khi
cac chat dién giai thong thudng nhiét do phan huy thap
hon do sir dung cac dung mdi hitu co dé bay hoi va
khong bén nhiét.

Khi ting chiéu dai day alkyl cua cing mét cu
trac cation thi nhi¢t do phan huy giam: N . TFSI
(T, = 452°C); N, ,,TFSI (T, = 446°C); N, TFSI (T,
= 403°C). Két qua nay phu hop v&i nghién ciru cua
M.L.P. Le va cac cong su [6] vé cac ILs nhu N, TFSI
(T,=400°C); N,, TFSI(T,=395C); N, TFSI(T,=
380°C). Khi kich thudc cation hodc anion tang thi nhiét
dd phan huy s€ ting. So sanh véi ILs imidazolium
(EMI) hay ILs pyrrolidinium (Py, ) thi ILs amonium
tr cAp bén nhiét hon; nhiét d6 phan huy cua EMITFSI
(T,=414°C) va Py ,TFSI (T, = 418°C).

D¢ din va dp nhot cua chdt long ion

Nhin chung d6 nhét cua ILs véi cation 1a amonium
tr cdp mach thang déu 16n hon so véi chat dién giai
thuong mai LiPF /EC-DMC (1:1) (n = 3,1 mPa.s).
Do nhét chi yéu bi chi phdi boi lyc Vanderwaal va
lién két hydro. Chiéu dai day alkyl trén cation cang
tang hodc kich thudc anion cang 16n din dén ting do
nhot cta ILs tang do su gia ting khoi lwong phan tir
va luc tuong tac Vanderwaal. Cu thé nhu trong clng

nhiét d6 30°C, ILs N, TFSIc6 (n = 55,7 mPa.s), ILs
N, ,, TFSI ¢6 (n = 70,4 mPa.s) va N, , TFSI ¢c6 (n =
94,9 mPa.s).

Ngodi ra do nhét con bi anh huong béi tinh dbi
ximg voi cac ion, nhiét d¢ va chit phy gia. Khi day
alkyl cta cation ¢ dang cang d6i xung thi d6 nhét
cang cao va theo dy doan Ia d6 nhat s€ giam khi ting
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nhiét d6. Ngoai ra sy bién dbi d6 nhét twong thich véi
nhiét d¢ bat dau két tinh (T ): cu thé v6i N, TFSI (T,
=-14,7°C) c6 do nhét la 88,4 mPa.s; N | TFSI (T =
-22,1°C) ¢6 @6 nhot 1a 70,0 mPa.s.

1124

Nhu da biét, do nhét cao lam han ché kha nang di
chuyén cua cac ion trong hé dién giai. Tuy nhién, c6
thé 1am giam d6 nhot bang viéc thay doi cau tric cation
hodc anion, cu thé 1a (i) thay ddi chiéu dai day alkyl:
theo tham khao vé do nhét & 20°C ciia mot sé chét
16ng ion cho thay N,,,TFSI 1a 148,0 mPa.s; N, | TFSI
la 205,0 mPa.s; N | TFSI la 257,0 mPa.s; N, . TFSI
la 82,0 mPa.s [6]; (ii) hoa tan ILs voi mdt lugng nho
dung moi phan cuc xac dinh ma khong lam anh huong
dén tinh chat bén nhiét ctia ILs; (iii) phdi tron cac chat
long ion khéc nhau c6 d¢ nhét thap hon véi ty 1¢ nhat
dinh ciing 1am giam d6 nhét cua chit long ion mong
nudn.

D6 nhot va do dan ion c6 méi lién hé chit ché véi
nhau. So véi cac chat dién giai thuong mai thi chat
long ion c¢6 d6 dan dién riéng thap do do nhét cao. Yéu
t6 do dan cua chat 1ong ion phy thudc 16n vao ban chat
clia ca cation va anion. Trén cung cdu trac cation, day
alkyl trén cation cang dai thi do dan dién cang thp,
diéu nay do ngoai twong tac tinh dién con c6 su ting vé
luc Vanderwaals giira cac phan tt [wrgng véi nhau, lam
giam d6 tu do va téc do di chuyén ciia cac ion mang
dién. Kich thudc cua cac cation va anion 16n nén linh
d06 ion cua chung giam di so vai cac ion c6 kich thude
nho.

Céc két qua vé do dan dién cua ILs trén hoan toan
twong thich voi cac gia tri d nhot da do, tie 1a cac
ILs c6 do nhét thap thi do din s& cao. Chat long ion
N, ., TFSIvalLs N, \
dién giai thong thuong, con cac ILs con lai c6 do dan
dién thap hon. Nhin chung, cac ILs amonium tir cAp

TFSI ¢6 d6 dan gan véi cac chat

mach thang c6 day alkyl cang dai, cdu trac cang ddi
xtng thi d6 dan cang thap so véi ILs ammonium ti cip
mach vong (piperidinium hay pyrrolidinium) va chat
dién giai thwong mai (bang 1).

Bén canh yéu td do nhét, né)ng do ion, do dan con
phu thuoc dang ké vao nhiét do, nhiét d6 cang cao
do dan cang ting. Nhiét do tang thi do dan dién ting
nhanh do su giam do nhét va ting téc d6 chuyén dong
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ctia cac ion. Céc ion chuyén dong nhanh dé dang burt ra
khoi twong tac tinh dién dé chuyén dong vé phia cua tir
truong. Su phu thudc d6 dan dién vao nhiét do cua cac
ILs dugc thé hién trong hinh 2.

® N TFSI ¢ N, TFSI
K(S.cem') ¢ N, TEsI 4 N TFSI Y LiPF6
0.007 ~ A NustFSI | .\ILWTF‘SI EC + 0,25 LiTFSI
v
0.006 v
v
b4
0.005 - . . v
- - v
0.004 “ ® - ¢ "
A 4 ®
- N 4 .
0.003 . A ®
“ 4
*
0.002 | 4
L]
u a .
0.001 - 3
0 IR ST S S T ST S S S T S S S S [T T T T NS T S T [N T S S S |
3.05 3.1 3.3 3.35

3.15 3.2 3.25
1000/T (K")
Hinh 2: dé dan ion theo nhiét dé cua cdc chat long ion amonium tir czfp
mach thang

D¢ bén oxy hoa khir ciia chat long ion két hop voi
tinh todan lugng tir HOMO va LUMO

Do bén oxy hoa khir ciia chat dién giai 1a yéu to
quan trong quyét dinh dén ving thé hoat dong ciing
nhu dung lugng va tudi tho ciia pin. Dé chat 16ng ion
c6 thé sir dung 1am chat dién giai trong pin sac thi ctra
sO dién hoa phai 16n va phu hgp véi ving thé hoat
dong cua vat liu dién cuc. Cira s6 dién hoa dugc xéac
dinh 1a thé giéi han khir (E
héa (E_ . ) cua chat long ion. Thong thuong, do bén

wneg,) VA thé gioi han oxy
khir do anion quyét dinh, ddi v&i anion TFSI thi d¢
bén khir trong khoang 0,9+0,1 V véi Li*/Li. Do bén
oxy hoa do cdu tric cation quyét dinh. Giéi han bén
oxy hoa cta chét 1ong ion (B, oqi) duoc xéac dinh ¢ mat
d6 dong 5 mA.cm™. Cac chit 16ng ion amonium tir cap
mach thang c6 d6 bén oxy hoa rét 1y tuong, dudng thé
kha n dinh trong vung thé tir 3,5 V dén 6,4 V so véi
thé Li/Li* (bang 2). Day la vung thé an toan cho viéc sir
dung cac chat long ion lam chat dién giai trong pin sac.
Khi ting chiéu dai day alkyl cua cation thi d6 bén oxy
hoa c6 khuynh huéng giam di (hinh 3). Hai chét long
TFSI

ion 6 ctra s6 bén oxy hoa khu cao nhat la N,

vaN,  TFSIL
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Anion TFSI
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Hinh 3: dwong cong quét thé vong ngdn hoan (CV) trén dién cuc lam viéc
platin (d = 25 mm) ¢ toc do quét thé 1 mV.s™! ciia chat long ion amonium
tir cap mach thang va so sanh voi chat dién giai thwong mai
Bdng 2: thé bé@ oxy héa (E,, ) cua cac chtft long ion ammonium ti cdp
so sanh voi chat long ion ammonium tir cap mach vong va chat dién giai

thwong mai
ILs E, .. (V) (vs Li"/Li)
LiPF /EC-DMC (1:1) 6,2
N, . TFSI 6,2
N, . TFSI 6,2
N, ,,TFSI 6,1
N,,,, TESI 6,1
N, TESI 6,0
N,,,,TFSI -
N,,,,TFSI 59
Py, TFSI [8] 5,7
Py, TFSI [8] 5,7
PP TFSI [9] 6,2
PP TFSI [9] 6,2

So v6i chat dién giai thuong mai LiPF, thi do bén
oxy hoa cua céac ILs amonium tir cap mach thang co
gia tri twong dwong dén 16n hon va mat do dong thi lai
thap hon. Nhin chung cic ILs amonium tir cap mach
th:fmg c6 do bén oxy hoa on dinh, 16n hon 5,5 V véi
Li*/Li, 1a chat dién giai day tiém niang. Sy 6n dinh vé
mat dién hoa phu thudc vao chiéu dai day alkyl va kich
thudc cation.

Dé giai thich d§ bén oxy héa khir ctia cac chat
16ng ion, x4c dinh gia tri HOMO cua céc cht long ion
v6i cdu tric hinh hoc thiang hang. Két qua tinh toan
lugng tir boi cong cu phan mém Gaussian, phuong
phap Hartree-Fock (HF) va Density Function Theory
(DFT) va cac bo ham co so 6-311++G(3df,2p). Gia tri
HOMO va LUMO ciia chat 16ng ion dugc trinh bay ¢
bang 3.
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Gia tri nang lwgng HOMO c6 mbi quan hé twong
quan v6i d6 bén oxy hoa khir ciia chit 16ng ion khi thay
ddi cAu trac cation. Su 6n dinh vé mit dién hoa sé& cao
khi gia tri HOMO thép.

Nhén thiy cac gia tri HOMO tinh toan (bang 3) phu
thudc vao chiéu dai day alkyl cua cation ammonium.
Chat 16ng ion N, ,,TFSL, N TFSI ¢6 gia tri HOMO
lan Iwgce 1a -0,4377, - 0,4314 va d6 bén oxy hoa phu
hop véi két qua thuc nghiém 13 6,2 V va 6,1 V. Nhu
vay dua vao két qua ta co thé dy doan gia tri HOMO
cta cac ILs phai bién di theo quy luat ting dan ting
day ILs N, . <N <N N,,<N_ <N __<

1123 1124 11252 1124 1224 1225

Nis3g Nyg <N <N Ket qua do on dinh dién hoa
da do doi véi ILs trén c6 gia tri tuong thich véi quy

luat bién ddi gia tri nang lugng HOMO.

Bang 3: gid tri HOMO va LUMO tinh todn cho cdc chat Iong ion ¢é céu triic
cation thay doi vé do dai day alkyl

CAu tric

123

cation Tén ILs M (g/mol) | E  (eV) | E . (eV) | Bandgap | HOMO
o e N T "
b !E Jo.| M 396,37 -0,4394 -0,0940 0,3454 ‘_
I\IIIHTFSI ¥
(n=3) 4 ‘
- ‘
He, ( [N,
E } - 396,33 -0,4377 -0,0906 0,3471
b Pl TEsI

[N\ 253]+
N,,,,TFSI

1233

424.43 10,4323 -0,0896 0,3427

Nil*

1224

424,43
N, TFSI

04314 -0,0886 0,3428
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Két luan

Chat 1éng ion trén co sé mudi ammonium t cap
dugc tong hop thanh cong véi higu suat cao va dat yéu
cau vé tinh chat dién hoa dinh hudéng ing dung trong
pin lithi-ion. Sy thay d6i chiéu dai day alkyl trén cau
trac cation cho théy su thay ddi vé tinh chat nhiét, do
nhét, d6 dan, do bén oxy hoa khir giup khang dinh méi
lién hé gitra cdu trac va tinh chat cua chat 1ong jon.
Trén co s6 tinh toan lugng tir vé ning luong lién két
HOMO va LUMO ciing cho thay su thay doi d¢ dai
day alkyl cta ciu tric cation dén do bén oxy hoa khir
ctia chat 1ong ion. Nhu vay, c6 thé du doan va dua ra
thiét ké vé ciu triic chat 1ong ion dé dat duoc céc tinh
chat hoa 1y va dién héa nhu mong mudn dua trén tinh
toan luong tir. Chat 16ng ion c6 su bat ddi ximg cao va
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chiéu dai day alkyl ngén nhat 1a N, , TFSI cho két qua
vé d6 nhot, do din va do bén oxy héa t6t nhét cho thay
c6 tiém nang g dung 1am chat dién giai trong pin sac
lithi-ion.
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