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Abstract: The mixed-metal complex with the composition of [GdCdy(L)s](PFs) (H2L = 2,6-
pyridinedicarbonyl bis(N,N-diethylthiourea) has been synthesized by the ‘one-pot’ reaction of
GdCl;-6H20, Cd(CH300)2:2H,0 and H.L with 1 : 2 : 3 molar ratio in methanolic solution. The
structure of the obtained complex is characterized by IR spectroscopy, mass spectrometry and
single-crystal X-ray diffraction. The results reveal a cationic trinuclear mixed-metal complex
composed of one Gd(l11) cation, two Cd(ll) cations and three dianionic ligands {L?}. The charge
of the complex is compensated by a PFg~ anion.
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Tém tit: Phic chit hdn hop kim loai [GdCd2(L)s](PFs) (H2L = 2,6-pyridindicacbonyl
bis(N,N-dietylthioure)) duoc téng hop bang phan ung giita GACls:6H,0, Cd(CHz00)2-2H,0 va
H,L theo ti 16 mol 1 : 2 : 3 trong dung mdi CH3OH. CAu truc cta phirc chit nay dugc thao luan dwa
trén ph6 IR, MS va nhidu xa tia X don tinh thé. Két qua cho thay, phtic chat thu duge chira mot
cation Gd (1), hai cation Cd(11), ba phdi tir {L?} va mot anion PFe.

Tir khéa: 2,6-pyridindicacbonyl bis(N,N-dietylthioure), phirc chat hon hop kim loai, phtic chat

Cd(II), phtrc chat dat hiém.

1. Mé dau

Phéi tir 2,6-pyridindicacbonyl bis(N,N-
dietylthioure) (HzL) duge L. Beyer va cac cong
su tong hop vao nam 2000 [1]. Phéi tir nay
duoc ki vong co thé tao phurc chét linh hoat véi
nhiéu kim loai khac nhau. Tuy nhién, cho dén
nam 2016, nguoi ta mdi phan 1ap dugc mot
phirc chit ciia né véi Ag* [1]. Gan day, cac
nghién ctru cua nhém tac gia dd ching minh
rémg HoL wu tién tao nén cac phirc chit da nhan
hén hop kim loai hon 13 céc phure chat don
nhan. Viéc tao phirc chét cua chang can mot ion
kim loai kich thudc 16n va co6 tinh axit cing
nhu ion kim loai kiém, kiém thd hay dat hiém
dé 6n dinh hop phan trung tim ctia phan tir [2].
Tir d6, nhidu phirc chit ba nhan chtra hdn hop
kim loai chuyén tiép kiéu d-f-d hodc d-s-d da
dugc tong hop [2-4]. Pic biét, cac phirc chét ba
nhan d-f-d 1a doi tuwong tha vi trong nghién ctru
vé tuong tac tir (thuan tir, nghich tir, sit tir va
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phan sit tir) giita cac ion kim loai chuyén tiép
va ion kim loai dat hiém [5, 6].

Tiép ndi huéng nghién ctru phirc chit hdn
hop kim loai ctia HoL, trong bai bdo nay, ching
t6i cong bd nghién ciru vé phirc chét giira ion
kim loai dat hiém Gd(III), ion kim loai chuyén
tiép Cd(IT) va phdi tir {L?}.

2. Thuc nghiém
2.1. Cac phwong phap nghién cuiu

Phé IR cua phdi tir va phic chit duge do
dudi dang vién ép KBr trén may FTIR 1S
Afinity cua hang Shimadzu.

Ph6 khéi lugng cua phirc chat duoc do
trong dung mbéi clorofom trén may LQT
Orbitrap XL.

Dit lidu nhiéu xa tia X don tinh thé ciia phirc
chit [GACda(L)s](PFs) duoc do trén may Bruker
D8 Quest (Khoa Hoa hoc, Truong Pai hoc Khoa
hoc Tu nhién, PHQGHN) & nhiét d6 100 K, ddi
am cuc Mo véi budc song K, (A = 0,71073 A).
Anh nhiu xa dugc ghi trén detector CMOS
dang hinh vudng kich thudc 20 cm x 20 cm.
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Khoang cach tir tinh thé dén detector la 4 cm.
Qua trinh xtr 1i s6 liéu va hiéu chinh su hip thu
tia X boi don tinh thé dugc thuc hién trén cac
phin mém chuan ciia may do. Céu trac dugce
xéc dinh theo phuong phap truc tiép. Phan mém
Olex 2 [7] dugc str dung dé tinh toan cau trac
va phan mém SHELXL [8] duoc dung dé tdi wu
hoa cdu trac. Vi tri cac nguyén tir hidro duoc
xéc dinh theo cac thong sb 1i tuong (goc, do dai
lién két) bang phan mém SHELXL.

2.2. Tong hop phitc chdt hén hop kim logi
[GdCd2(L)3](PFe)

Cho tir tir 1 mL dung dich hén hop gom
0,1 mmol (26,6 mg) Cd(CHs;CO0),-:2H,0 va
0,05 mmol (18,6 mg) GdCls-6H,O trong CHs;OH
va0 huyén phu chira 0,15 mmol (59,3 mg) phdi tir
HoL trong 5 mL CH3OH. Khudy hon hop ¢
nhiét d¢ phong, thu duoc dung dich khong mau.
Thém KPFs (18,4 mg; 0,1 mmol) vao hdn hop
phan tng, thdy két tua tring xuét hién. Thém
tlep 5 giot trietylamin, luong két tha tao ra
nhiéu hon. Khuay hén hop & nhiét do phong
thém 2 gio roi loc ly san pham rén. Rura san
phim bang CH3OH. Phic chit tan tot trong
CH2Cl3, CHClI3 nhung tan kém trong CHsOH va
CeHsCHs. Hiéu suat phan tng 1a 85%. Pon tinh
thé [GdCdz(L)s](PFe) dugc tao thanh bang cach
cho bay hoi chdm dung dich phic chit trong
h61’1 h()’p dung moi CHzClz/CeHsCH3 (3 . 1)
hoac CH2CIo/CH3OH (3 : 1) ¢ nhiét d phong
trong thoi gian 3-5 ngay.

3. Két qua va théo luan

Phan {ng gitta hdn hop mudi GdCls-6H,0
va Cd(CH3C00),2H,0 véi phdi tir HoL c6 thé
dién ra theo hai ti 1 mol twong img 1a 1:2:2
hoac1:2:3[2-4]. Véitile mol 1:2: 3, phan
g duoc gia thiét nhu trong Hinh 1.

Do L A
o \7}\/‘/\%/7\/\(\/ ®Fy
3H,L +2 Cd*'+ Gd® o /Cd\/‘\/ \
B A
) ’ = K

Hinh 1. So d6 phan tmg tao phirc chat
[GdCd2(L)3](PFs).

Vi phan tmg tao két tiia ciia phtrc chat rat
nhanh nén thi tu tién hanh phan tng anh huéng
nhiéu dn san ph?lrn tao thanh. Pé thu duogc
phtrc chat c6 ty 1& Gd(II) : Cd(Il) : L2 1a1:2: 3,
phai cho tir tir hdn hop dung dich mudi vao
dung dich phdi tir. Vai tro ctia EtsN la thuc day
qua trinh tach proton cua phéi ta, giup phan
(g tao phtrc xdy ra v6i hiéu suét cao hon.

Ciu trac cua phue chat tao thanh duogc
chimg minh bang két qua do phd hong ngoai,
pho khdi lwong va hinh anh nhiéu xa tia X don
tinh thé.

3.1. Phé hong ngoai
Sy tao thanh cua phic  chat
[GdCda(L)s](PFs) duge chi ra khi so sanh pho

héng ngoai cua phirc chat voi phd hdong ngoai
ctia phdi tir HoL (Hinh 2).

(b)

Hinh 2. Ph6 h@)r}g ngoai cua phdi tir HoL (a) va phirc
chat [GdCdz(L)3](PFs) (b).

Trén phd hong ngoai ctia phdi tir xuat hién
dai hap thu chan rong, cuong do trung binh &
3273 cm™ dic trung cho dao dong hoéa tri cua
nhom NH nhung trén pho hong ngoai cua phuc
chat, dai nay dd bién mat. Piéu nay chung to
xday ra su tach proton trong nhom NH. Ngoai ra,
dai hip thu manh, dic trung cho dao dong hoa
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tri cia nhdm C=0 ¢ 1687-1674 cm* trén phdi
tr bi chuyén dich manh (~100 cm™®) vé phia s6
song thap hon trong phirc chit, chimg to d co
su tao phirc qua nguyén tor O. Bén canh do, dai
hép thu manh dic trung cho dao déng hoa tri cia
lién két C=N & vUng 1524 -1418 cm* va cua lién
két C=S & 1225 cm trong phd IR cia ph01 tur
HoL dich chuyén vé ving 1429-1357 cm™® va
ving 1147-1149 cm%, twong tng trong phd IR
clia phirc chat [GACda(L)s](PFs). Nhimg sy dich
chuyen nay thuong dugc qui gan cho sy tao phirc
chat vong cang cua ph01 to, lam giam béc lién két
ctia céc lién két C-N va C-S [3-5]. Su xuit hién
thém dai hap thy & 842 cm™® trén phd IR cua
phirc chat, duge quy gan cho dao dong hoa tri
cua lién két P-F trong anion PF¢", phu hop véi
cong thire dy doan cua phtic chit tao thanh. Cac
dai hép thu dac trung cho dao dong hoda tri cua
lién két C—H ¢ nhom metyl va metylen trong —N—
CH2-CHjs va dao dong bién dang ctia nhém C—H
thom trén phd hong ngoai cua phirc chit
[GdCd(L)s](PFe) thay d6i khong dang ké so véi
cac dai hép thu tuong Ung trén phd hong ngoai
ctia phdi tr tu do.

3.2. Phé khoi heong

Hinh 3. Phd ESI*MS ciia phirc chét
[GdCd(L)s](PFs).

Trén phé ESI'MS cua phirc  chét
[GACd.(L)s](PFe) (Hinh 3) khong xuét hién pic
ion phan tir mong doi nhung c6 pic voi cuong
d6 manh vaéi gia tri m/z = 1562,92 dugc quy gan
cho ion [GdCdx(L)3]". Dt kién nay chung
minh tinh dang dan vé thanh phan dy doan cua
cation phtrc.

3.3. Két qud nhiéu xa tia X don tinh thé

Pon tinh thé [GdCd(L)3](PFs) thu duoc
bang cach cho bay hoi chim dung dich
CH,Clo/MeOH ciia n6 & nhiét d6 phong. Két
qua nghién clru cdu trac bang phuong phap
nhiéu xa tia X don tinh thé cho phép xac dinh
chinh x4c cau tric phan tir. Thong tin vé cdu
tric tinh thé ciing nhu qua trinh tinh toan va tdi
wu ciu trac duoc tom tat trong Bang 1. Mot sb
gia tri vé do dai lién két quan trong cua hai
phirc chat duoc liét ké va so sanh trong Bang 2.
Céu tric phan tr cua [GACda(L)s](PFe) dugc
dua ra 6 Hinh 4.

Bang 1. Cac thong s tinh thé va t6i vu hoa ciu trac

cta [GdCd2(L)s](PFe)
[GACda(L)s](PFs)
Cong thtric phan tu Cs1HesCd2GAN1506Ss
Hé tinh thé Tam ta

Nhém khéng gian

Thong s6 mang

Thé tich

Ti khdi (tinh toan)
Hé sb hip thu

Kich thuéc tinh thé
Sé phéan xa do dugc
Sé phan xa doc lap
Phuong phap tdi wu
S6 tham s6

DG sai 1éch
R1/WR2(*)

P-1

a=16.553(1) A

b =18.212(1) A
c=27.941(1) A

o= 93.044(1)°
B=107.040(1)°

y = 116.955(1)°
7005.6(6) A3

1.602 g/cm?®

1.994 mm?

0,20 x 0,18 x 0,14 mm?
203455

35344

Binh phuong ti thiéu
1574

0,0411/0,0661

Két qua tinh toan va t6i wu héa cau trdc cho
thdy, hop phan [GdCdz(L)s] 1a phtic chét ba
nhan cé dién tich +1, duoc trung hoa bai ion
PFs . Trong thanh phan phirc chit co chira mot
ion Gd(l1), hai ion Cd(Il) va ba ion {L*}. Tu
Hinh 4 c6 thé thy ion Gd(l11) tao lién két phdi
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tri véi ba nguyén tr nito cua ba vong pyridin va
sau nguyén tu oxi cua nhom cacbonyl.

(a)
s11
o1t
012
Cd1
013
(b)

Hinh 4. Ciu tric phan tir cua ion phire
[GdCd(L)3](PFs) (a) va cau phoi tri cia Cd(II) (b).

Nhu véy trong phtrc chat, ion Gd(Il1) ¢ s6
phdi tri 9. Trong khi do6, ca hai ion Cd(II) déu
¢6 s6 phdi tri 6 voi ba hop phan thioure thong
qua cic nguyén tir cho (O,S). Truy nhién, cu
phdi tri xung quanh ion Cd(IT) gan véi cau trac
lang try tam gidc hon 1a bat dién va rat hiém
gip & cac phirc chat co sb phdi tri 6 (Hinh 4b).
Su ¢6 mat cua ion PFe gitip trung hoa dién tich
cua cation phirc [GACdz(L)s]". Két qua xac dinh
cau triic bang phuong phap nhiéu xa tia X trén
don tinh thé khing dinh két luan v& thanh phan
va dic diém céu tao ctia phirc chit tir phd khdi
lugng va pho hong ngoai.

Do dai mot s lién két Gd-O, Gd-N, Gd-S,
Cd-S, Cd-O (Bang 2) kha twong ddng véi gia
tri do dai lién két trong cac phiic chat tuong tu
da cong bd [9,10]. Po dai trung binh cua cac

lien két gita nguyén tir cacbon va nito trong
phirc chat 1a 1,36 A, ngan hon do dai cua lién
két don C-N (1,45 A) va dai hon d6 dai cua
lien két doi C=N (1,30 A). Piéu nay ching to
d3 c6 su giai toa déu electron m trong vong sau
khi tao phtrc.

Bang 2. Mot sé d6 dai lién két dic trung trong phirc

chit [GACd,(L)s]PFs
Lienkét | Do dai Lién két Do dai
A A

Gd-N1 | 2.529(6 | Cd1-O12 | 2.493(5)
Gd-N2 | 2.522(5) | Cd1-S12 | 2.591(2)
Gd-N3 | 2.527(5) | Cd1-013 | 2.478(5)
Gd-011 | 2.469(4) | Cd1-S13 | 2.560(2)
Gd-012 | 2.385(4) | Cd2-021 | 2.520(5)
Gd-013 | 2.421(5) | Cd2-S21 | 2.567(2)
Gd-021 | 2.423(5) | Cd2-022 | 2.375(5)
Gd-022 | 2.438(5) | Cd2-S22 | 2.641(2)
Gd-023 | 2.417(4) | Cd2-023 | 2.517(5)

Cdl- | 2.419(5) | Cd2-S23 | 2.586(2)

011

Cdl- | 2.607(2)

S11

4. Két luan

Pi tong hop thanh cong phtrc chat hdn hop
kim loai [GdCdz(L)s](PFs). CAu trac cua phirc
chit tao thanh di dugc ching minh bang
phuong phéap phd hong ngoai, phuong phap phd
khéi lugng va phuong phap nhiéu xa tia X don
tinh thé. Cac két qua thu dwoc co tinh théng
nhéat cao, bd trg cho nhau.
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