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NGHIEN CUU TONG HQP MOT HQOP CHAT MOI CUA TCNQF4*
SYNTHESIS OF THE NEW COMPOUND OF TCNQF42'

Tran Pirc Manh'2, Vo Thing Nguyén'?

"Trwong Pai hoc S pham, DPH Pa Néng; ducmanhdng@gmail.com
’Dai hoc Monash, Austraslia

Toém tét - Hop chat méi Cu,TCNQF, da dwoc tdng hop dién hoa
bang viéc khr TCNQF, thanh TCNQF4> trong CHsCN chtra
[Cu(CH3CN),]* va 0,1M BusNPFs. Cac thi nghiém quét thé cho thay
c6 hai giai doan riéng biét dé& hinh thanh Cu,TCNQF, khi TCNQF >
dwoc tao thanh trén b& mat dién cwc trong sw c6 mét cla
[Cu(CH:CN)sJ*. Hinh thirc dong hoc hinh thanh nhanh chong
chuyen qua nhiét ddng hoc. Sw c6 mat ctia dianion TCNQF 4% trong
san phdm dwoc xac dinh bing phd UV-Vis, phd héng ngoai va phé
Raman. Kinh hién vi dién t& (SEM) cho thay Cu,TCNQF; c6 dang
hinh kim. Phéan tich nhiét trong va phan tich nguyén t6 xac nhan
sy ¢c6 mat cia 2 phan t&¢r MeCN trén mot trung tam Cu trong
Cu,;TCNQF,. Tinh thé cta vat liéu tdng hop khéng thu dwgc bing
phwong phap dién héa. Nhwng nhivng tinh chét thé hién day la vat
liéu c6 trién vong.

T khéa - TCNQ; dién héa; dién cuc; tdng hop; quét thé

1. Pit véan dé
Céc hop chét chuyén dién tich hitu co cia TCNQ va
cac dan xudt cua nd, dic biét 1a din xuét flo, da duoc
nghién ctru rong rai trong mot vai thap ki gan day. Mot s0
phue chat cua TCNQ vé6i ion kim loai chuyén tiép c6 tinh
dan dién cao. Chang han phirc chat cia TCNQ voi dong
(I) hay bac (I) c6 do dan dién cao va da duoc ung dung
trong cac thiét bi dién hoc va quang hoc [1-2]. Trong mot
vai nam gin day, mot sé phirc chat tir TCNQF, di duoc
tong hop va nghién ctru ciu trac, tinh chat vat 1y [3-5].
Nhirng vt lidu ndy rat tha vi va dugc ap dung cho quang
hoc, cong tic, di 6t phat quang, bong ban dan, xuc tac [5],
Tuy nhién cac nghién ctru phire cua vat liéu TCNQF, van
qua nho so v6i TCNQ va chi ding ¢ mirc d9 tong hop hoa
hoc, vi vdy linh vuc nay van con can dugce nghién ctru

nhiéu hon.
(a) (b)
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Hinh 1. Céng thirc phdn tir ciia TCNQ(a) va TCNQF; (b)

Dian xuét tetraflo TCNQF, duoc cho 1a s& ¢6 tinh chit
dién hoa vuot troi hon TCNQ do ai luc electron ctia nd 1a
3.20 eV, trong khi d6 ciia TCNQ la 2.85. Piéu nay 1a do
anh huong cua hiéu tng thé cua bon nguyén tir Flo. Do do,
TCNQF, dé dang bi khir hon va do bén clia cac anion cua
no6 ciing tang 1én. Trong nghién ciru nay, hop chit méi
Cu(TCNQF,)(MeCN), (viét tat 1a Cu, TCNQF4) dugc tong
hop bang dién hoa boi phan tng ciia [Cu(CH3CN)4]* véi
TCNQF* trong CH3CN. Phuong phéap dién hoa ciing da
duogc st dung dé dién két tinh Cu,TCNQF, trén bé mat

Abstract - The new compound Cu,(TCNQF,) has been synthesized
by electrochemically directed synthesis based on reduction of
TCNQF,; to TCNQF,* in acetonitrile (0.1 M Bus;NPFg) solution
containing [Cu(MeCN)4]*. Voltam-metric experiments reveal that two
distinct phases of Cu,TCNQF, are formed when TCNQF,* is
generated on the electrode surface in the presence of Cu(MeCN),*,
the kinetically favored form being rapidly converted to the
thermodynamically favored Cu,(TCNQF,")(MeCN),. The presence
of TCNQF,* in Cu,TCNQF, materials is confirmed by UV-visible,
infrared and Raman spectroscopes. Scanning electron microscopy
images reveal that Cu,TCNQF, has a rod-like morphology. Thermo-
gravimetric and elemental analysis data confirm the presence of two
moles of CH;CN per Cu' center in Cu,TCNQF,. Crystals of synthetic
material are not obtained by electrochemical methods. But the
properties of the material show that this is a promising material.
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dié:,n cuc. Phﬁ:C chit méi tao thanh duogc nghién ctru tinh
chat bang pho UV-Vis, FT-IR, Raman, SEM.

2. Thwe nghiém
2.1. Héa chit, thiét bj

[Cu(CH3CN)4PFs (98%, Aldrich), TCNQFs (98%
Beijing Health), CH3CN (HPCL, Omnisolv), isopropanol
(BDH), axeton (suprasolv, Merck), Metanol (Chem
Supply), BuuNPFs (Wako) duoc két tinh lai hai lan tir
etanol 96% (Merck) sau d6 sy khé & 100°C trong chan
khong trong 24 gio trude khi sir dung. Tat ca cac dung dich
dugc pha ché bang nude tinh khiét tir hé thdng Sartorius
Arium 611 (Sartorius).
2.2. Thi nghiém dién hoa

Céc thi nghiém quét thé vong tuan hoan dugc thuc hién
& nhiét 6 phong va str dung hé théng Bioanalytical (BAS)
100 W. H¢ 3 dién cuc bao gém dién cuc lam viéc than thuy
tinh (Glassy carbon GC, dudng kinh 1mm), dién cuc so
sanh Ag/Ag+ (RE) va dién cuc phu tro 1a day bach kim
duong kinh 1.0mm. Pién cyc GC duoce lam sach sau mdi
thi nghiém biang cach danh boéng bang bot oxit nhom
duong kinh hat 0.3 pm, sau d6 duoc rira sach vdi nude loc,
lam sach bang song siéu am trong vong 30 gidy. Dién cuc
so sanh la mdt day bac dugc nhung trong dung dich
acetonitrile (0.1M BusNPFs) chira 1.0 mM AgNOs. Dién
cuc nay dugc phan cach véi dung dich nghién ciru bang
mot cau mudi. Thé tuong ddi cua dién cuc so sanh nay voi
cap ferrocene/ferrocenium, Fc”* 1a -135 £5 mV. Tét ca cac
dung dich trong cac thi nghiém déu dugc suc N, trong vong
10 phat trude khi 1am thi nghiém, dong thoi dong khi N,
van duoc duy tri bén trén dung dich trong sudt qua trinh thi
nghiém. Trong céac thi nghiém dién phan, dién cyc lam viéc
duogc thay thé bé‘mg dién cuc ludi bach kim.



40

Tran B&rc Manh, V8 Thang Nguyén

2.3. Thiét bi khdc

Ph6 hong ngoai dugc do trén may Spectrac Diamond
ATR, ph6 'H-NMR do trén may Brucker DRX 400, phd
Raman do trén may Resihaw RM2000, phé UV-Vis do
trén may Varian cary 5000. Phan tich TGA thyc hién dudi
diéu kién N, kho, nhiét do tir 25 dén 350°C tai bién thién
5°C/ phut, str dung chdo nhdém va dung cu moden Mettler-
Toledo TGA-DSCI.

2.4. Téng hop Cu2TCNQF;

Cu;TCNQF,; duoc tong hop bing phan tng cua
TCNQFs* v6i [Cu(CH3CN)4]" trong CH3CN. Pién phan
2mL cua TCNQF; 5 mM trong MeCN (0,1 M BusNPFy)
v6i thé dién cuc Pt 1a -400 mV so véi Ag/Ag'. Dung dich
cia TCNQF 4> sau d6 cho vao hon hop 0,2 mL cua 100 mM
[Cu(CH3CN)4]* trong MeCN. Cu,TCNQF, lap tic tao
thanh va thu duge vi tinh thé mau tréng, sau d6 duoc rira
sach nhiéu 1an v6i CH;CN (8 mL). Chat rdn thu duoc sdy
kho trong chan khong qua dém, ding dé xac dinh do tan
trong CH3CN va xac dinh tinh chit pho.

3. Két qua va thao ludn
3.1. Quét thé tuan hoan ciia TCNQF 4 va [Cu(CH3CN)4*
trong CH3;CN

Quét thé vong tuan hoan cho qua trinh khir 1.0 mM
TCNQF, thanh TCNQF,~ va TCNQF42' trong CH3CN (0,1
M,Bu4NPF(,) trén dién cuc GC thé hién ¢ hinh 2a. Ta thﬁy
thé cua hai qua trinh khir va oxi héa ciia Cu’veeny 18 nam

ngoai qua trinh khir cuia TCNQF; thanh TCNQF4~ va
TCNQF,~ thinh TCNQF,* (bang 1).
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Hinh 2. Qué thé vong tudn hoan cho (a) 1.0 mM TCNQF 4 and
(b) 2.0 mM Cu(MeCN)4* trong CH3CN (0.1 M BusNPFy) thu
duoc véi dién cuc GC (3.0 mm) véi toc do quét the 100 mV s,

Do d6, su két tinh dién CusTCNQFy) thong qua viéc
khtr TCNQF4 trong CH3CN ( 0,1 M BusNPFg, trong dung
dich Cu'*( cuseny €6 thé xay ra trong khu vuc nam gitta qua
trinh khir va oxi héa ctiia Cu*(mecn).

3.2. Dign két tinh ciia CuzTCNQF;

3.2.1. bién hoa cua Cu;TCNQF, trong CH3CN (0,IM
BuyNPFj)

Gidn d6 quét thé cua 1.0 mM TCNQFs va 2.0 mM
[Cu(MeCN)4]" trong MeCN (0.1 M BusNPFg) thé hién
trong hinh 3(a-c).
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Hinh 3. Gian do CV thu dwoc voi dién cwe GC (3.0 mm) ciia dung dich CH3CN ( 0.1M BusNBFs) chita: (a) 1.0 mM TCNQF trong

sw ¢ mdt ciia 2.0 mM Cu(MeCN)++ (dwong mau den) val.0 mM Cu(MeCN)++ (dwong mau do) voi toc dg quét thé 20 mV s, (b) 1.0

mM TCNQF s va 2.0 mM Cu(MeCN)+* tai cdc toc d¢ quét thé khdc nhau (mV s), (c) dwdi diéu kién nhir (b) nhing thé dwoc giir tai -
400 mV trong 1 gidy va sau d6 quét vé hieéng dwong tai cdc toc dg quét khdc nhau (mV s™)

O hinh 3a, khi quét thé vé phia am véi téc do quét 20
mV/s, cac qua trinh khir cia TCNQF, thanh TCNQF4~ (red
1) va sau d6 TCNQF,~ thanh TCNQF,% (red 2) dé tim thiy.
Tuy nhién qué trinh oxi hoa tir TCNQF,?> thanh TCNQF,~
- lai dugc thay thé bang mét pic sic nét tai 280 mV (Ox2).
Két qua nay cho thay rang TCNQF,> nhanh chong két hop
v6i Cu’mecn) tao thanh chit rin Cu,TCNQF, trén bé mat
dién cuc, sau d6 Cu,TCNQF; oxi héa dé tao thanh
TCNQF,~va Cu* (phuong trinh 1) tai 280 mV (Ox2). Piéu
tha vi 1a khi ting tde do quét thé 1én thi xuat hién mot qua
trinh oxi hoa mai tai gan — 130 mV (Ox3) va Ox3 ting cling
v6i Ox2 (hinh 3b). Piéu nay I hoan toan phu hop véi su
tdn tai han ché bé mat ban du cua vat lidu trude khi tao
thanh san phim cudi cing 1a CuyTCNQF 4. Theo d6, dong
hoc ctia hop chét A ( pha A) dugc hinh thanh nhanh chéng

tir phan ng ctia TCNQFs> va [Cu(MeCN)4]" va sau do
chuyén d6i sang trang thai on dinh nhiét dong
Cu; TCNQFy) (pha B), giéng nhu da miéu ta trong phuong
trinh phan ing 2 va 3.

Cu,TCNQF4) — 2Cu+(CH3CN) +TCNQFs* (cm3eny + e (1)
2Cu” (cn3eny T TCNQF 4> czeny = Cua TCNQF 4 phase 4) (2)

CU2TCNQF4(SW phase A) CuzTCNQF4(S, phase B) (3)
3.2.2. Anh hwong cua vat lieu dién cuc lam viéc dén két
tinh dién Cu;TCNQF,

Quét thé vong tudn hoan (5 chu ky du) cho dung dich
MeCN (0.1 M BusNPF) chira 1.0 mM TCNQF4 va 2.0 mM
[Cu(MeCN)4]* véi toc do 20mV/s va 100mV/s véi cac dién
cuc tuong tng. Véi dién cuc bang GC va Pt 1a tuong tu
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nhau. Tuy nhién véi dién cuc Au, qua trinh oxi hda Ox3 la
manh hon & tbc d6 quét thé cao hon. Piéu nay c6 nghia 1a
Cu, TCNQF; hinh thanh trén bé mat dién cuc Au la 6n dinh
hon so v&i trén dién cuc GC va Pt. Tuy nhién quét thé vong
tuan hoan cua tt ca cac dién cuc déu c6 do lap lai cao. Va
TCNQF; va [Cu(MeCN)4]* déu duoc tao ra & cudi cac chu
ky quét thé.
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Hinh 5. Qué thé vong tudn hodn (5 vong dau tién) thu dwgc véi:
(a,b) dién cuc GC duwong kinh 3.0 mm, (c,d) dién cuc Pt duong
kinh 1.6 mm, (e,f) dién cuc Au duong kinh 1.6 mm trong dung
dich CH3CN (0.1 M BusNPFs) chira 1.0 mM TCNQFq4va 2.0 mM

Cu(MeCN)4* tai téc dp quét thé 20 va 100 mV s

3.2.3. Anh huong cua nong do [Cu(CH;CN),J* va téc do
quét den dién ket tinh cia CuyTCNQF4
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Hinh 6. Quét thé vong tudan hoan 1.0 mM TCNOF4 véi (a) cdc
néng dg khdc nhau ciia Cu(MeCN)+* trong CH3CN (0.1 M
BuyNPFy) voi dién cwe GC duong kinh 3.0 mm (v =100 mV s 1),
(b) giong nhu (a) nhung chi the hi¢n qua trinh khu, (c, d) giong
nhu (a) nhung tai cdc van toc quét va nong dg Cu(MeCN)+*
khac nhau

Quet thé vong tudn hoan khi khtr 1.0mM TCNQF, véi
cac nong d¢ khac nhau cia [Cu(CH3CN)4]+ trong CH3CN
(0.1M BusNPFy) cho thay rang thé cta qua trinh khur tir

TCNQF4"‘dén TCNQF,* thay d6i 97 mV vé gia tri duong
hon khi ndong d6 cua [Cu(CH3CN)4]" tang tr 0.0mM dén
10.0mM (Hinh 4a,b). Hinh 4a cho thay rang pic cua qua
trinh gidi Cu;TCNQF, téng khi nong d6 [Cu(CH3CN)4]"
tang. Ket qua thé hién ¢ hinh 4c¢,d 1a phu hop v6i hinh 4a.
Khi tang toc do quét the tur 20 dén 500 mV/s va ndng do
[Clrl(CH3CN)4]+ tang thi pic rng v6i qua trinh oxi hda cua
chat trung gian va CuuTCNQF 4 tuwong ng 14 gidm va tang.

Két qua hang loat thi nghiém trén ching to réng» da co
mot bubdc tao ra trudce }(hi tao thanh san pham ‘lé
Cu,TCNQF4 nhung san pham cua buge nay la khong bén
v€ mat nhi¢t dong hoc.
3.3. Tinh chit ciia Cuz2TCNQF; tgo thanh béang di¢n két
tinh va tong hop dién hoa
3.3.1. Phan tich nhiét trong

Thi nghiém phan tiqh nhiét trong dudi didu kién nhif::t
do tur 25 den 350°C. Két qua cho thay ¢ 140°C, hop chat
mat gan 17% khoi lugng. Dicu nay 1a phu hop voi cong
thirc thue nghiém 18 Cuy(TCNQF4)( CH3CN),, trong do
CH;CN chiém 16,92%. Khoi lugng CH3CN bi mat xdy ra
O nhiét d(f)’cao ljén quan dén nhiét do sbi cia CH;CN (82°C)
khi lién két phoi tri véi ion Cu.
3.3.2. Phé hong ngoai, Raman va kinh hién vi dién tir quét
(SEM)

a. Phd h(‘A)ng ngoai (FTIR) va Raman
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Hinh 7. Phé hong ngoai (FTIR) va Raman ciia (a)
Cu2TCNQF 4 tong hop tir phdn iing cia TCNQF, £ va
Cu(MeCN)4 trong CH3;CN, (b) CusTCNQFy4s) dién két tinh trén
bé mdt dién cuc ITO bang phan vmg khir dién cia 1.0 mM
TCNQF4 tai =500 mV trong 15 phut trong dung dich CH;CN
(0.1 M BusNPFs) chira 2.0 mM Cu(MeCN)4+*

Céc pic cua nhom (C=N) tai 2162 va 2135 cm! thé hién
c6 dianion TCNQF4>. Pic & 2204 1a thé hién c6 mit cua
TCNQF,~, ddy 1a két qua cua cua sy oxi hda ndi phan tir tir
TCNQF,* thanh TCNQF,~ duéi diéu kién anh sang. Néu
dé mau trong vai ngay dudi chan khong thi mot lugng 16n
TCNQF,~ tang 1én. Céc pic phd IR tai 1475 va 1489 ciing
cho théy sur c6 mit cia TCNQF4%. Pic raman tai 2218 cm’
! x4c nhan sy c¢6 mat ciia TCNQF,~, trong khi d6 2 pic tai
ning lugng thip hon tai 2179 va 2141 cm! phu hop véi
TCNQF4*. Céc pic Raman tai 1655, 1435 va 1246 cm’! cua
TCNQF4*, trong khi d6 cac pic tai 1643, 1443, 1273 cm’!
1a phtt hop véi TCNQF,~. Céc két qua phd FT-IR, Raman
ctia dién két tinh Cu, TCNQF; 1a twong ty nhu chét ran tong
hop bang dién phan. Cac dir liu phé cho thdy hop chit
Cu’ -TCNQF42 da duoc tong hop bang hai phuong phap c6
cung céu tric va ca hai déu bi bién ddi quang hoa dé tao
thanh CuTCNQF,4" va kim loai Cu.

1000
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(m + n)(Cu™)2(TCNQF4)> ) LU mCu’() +
mCu TCNQF4* ) + n(Cu")2(TCNQF4)* ()
b. Kinh hién vi dién tir quét
Hinh dang ctia dién két tinh Cu,TCNQF; thé hién dang
tinh thé hinh kim.

Hinh 8. Hinh anh SEM VOi do phan gidi tang dan ciia dlen két
tinh Cu2TCNQF ) trén bé mat dién cuwe ITO bang viéc khir dién
1.0 mM TCNQF 4 tai —500 mV trong 15 phut trong dung dich
CH;CN (0.1 M BusNPFs) chira 2.0 mM Cu(MeCN)+*

3.5. D6 hoa tan ciia Cu;TCNQF 45 trong MeCN : Dung
dich cia Cu,TCNQF; trong MeCN dugc ly tam trong 10
phiit (vi TCNQF.4* phan hay cham trong khong khi). Nong
d6 ciia TCNQF 4> duge xac dinh sau khi loc dung dich duogc
xéac dinh béi UV-Vis, Amax = 333 nm, thu dugce lan luot 1a
(1.59 £ 0.06) x 10 M (c6 BusNPF¢) va (7.29 £ 0.46)x 10
¢ (khong c6 BusNPF¢), twong ung véi dd tan cua
Cu, TCNQF, lan lugt 1a (1.61 +0.17) x 10714 M? va (1.55 +
0.2) x 10715 M2,

4. Két luan

Hop chit méi Cu,TCNQF4 da duoc tong hop thanh
cong. DY hoa tan cua san pham trong MeCN trong chat ho
trg dién ly 0,1 M BusNPFs 1a (1.59 + 0.06) x 1075 M. Diéu

d6 cho thay c6 thé dién két tinh Cu,TCNQF, tir TCNQF,
va Cu(MeCN),4]" 6 ndng d6 thip. Phd IR, Raman ciing x4c
nhan su c6 mit cia TCNQFs~ va TCNQF4>, phu hop véi
v6i san phdm duge tong hop dién hoa va két tinh dién.
Cu, TCNQF; dudi diéu kién quang hoa s& chuyén hoa thanh
Cu'TCNQF4" va Cu thong qua phan tng ty oxi hoa khu.
Dién két tinh tao ra Cu, TCNQF; ¢6 hinh dang kim. Cac thi
nghiém vé dién héa cho thiy rang da c6 sy hinh thanh giai
doan v6i MeCN dugc tao thanh va n6é khong bén vé trang
thai nhiét dong va nhanh chong chuyén thanh trang thai
dong hoc Cu,TCNQF4. Cac thi nghiém phan tich nhiét
trong, héng ngoai, raman khéng dinh cong thtrc tao thanh
1a Cux(TCNQF4)(MeCN),. Piéu quan trong nita 1a téng
hop dién hoa ctia cdc phic TCNQF4? 1a lién quan den muc
d6 nhiéu hay it phan tng véi oxi. Viéc chira ca gbe anion
va dianion & trong hop tao thanh 1a hdp dan cho cac nghién
clru sau.
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