VNU Journal of Science: Natural Sciences and Technology, Vol. 36, No. 2 (2020) 85-90

VNU Journal of Science: Natural Sciences and Technology

Journal homepage: https://js.vnu.edu.vn/NST

Original Article

Synthesis, Structures and Magnetism of Mn(I1)-Gd(I1I)
Mixed-metal Complexes of 2,6-Dipicolinoylbis (N, N-
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Abstract: A novel Mn(I1)-Gd(111) mixed-metal complex has been synthesized by one-pot reaction
in methanolic solution of GdCl;, Mn(CH300),-4H,0 and the organic ligand 2,6-dipicolinoylbis
(N,N-diethylthiourea) (H,L) with 1:2:3 molar ratio. The structure of the complex was elucidated by
IR spectroscopy, and single crystal X-ray diffraction, while the magnetic properties were studied by
SQUID measurements in the temperature range of 10 + 330 K. The complex is comprised of one
Gd* ion, two Mn?* cations, and three dianionic ligands {L}? with the chemical composition of
[GdMny(L)s](PFs). The magnetic interaction between Mn(Il) and Gd(l11) is weakly ferromagnetic
with J =+ 0,027 cm™.
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Tong hop, nghién ciru cAu tric va tir tinh cua phurc chat
hon hop kim loai Mn(I1)-Gd(III) vo1 phoi tir
2,6-dipicolinoylbis(N,N-dietylthioure)
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Tom tat: Phuc chat hdn hop kim loai chira Mn(II) va Gd(III) duoc téng hop tir phan tng giira hdn
hop mudi GdCls, Mn(CH300), - 4H,0 véi phéi tir 2,6-dipicolinoylbis(N,N-dietylthioure) (H,L) theo
ti 16 mol 1:2:3 trong CH3OH. Thanh phan va ciu trlic cia phuc chat san pham duoc nghién ciru bang
phuong phap phd hong ngoai va nhidu xa tia X don tinh thé, trong khi tinh chét tir cua phirc chat
dugc khao sat bang phép do tir ké mau rung SQUID trong khoang nhiét d6 10 + 330 K. Két qua
nghién ctru chi ra phac chat duoc tao thanh tir s phdi tri gitra mot ion Gd3*, hai ion Mn2* va ba phéi
tir hiru co & dang anion {L}? véi thanh phan héa hoc [GdMn,(L)s](PFe). Tuong tac tir gitta Mn(I1)
va Gd(111) c6 ban chat sit tir yéu voi J = + 0,027 cm'™.

Tirkhoa: Aroylbis(thioure), phirc chat hdn hop kim loai, phtc chat Mn(I1), phirc cht Gd(IIT), trong

tac tur.

1. Mé dau

Trong mot vai nim gan day, cac phuc chat
hdn hop kim loai chira déng thoi ion kim loai
chuyén tiép va ion dat hiém véi phdi tir 2,6-
dipicolinoylbis(N,N-dietylthioure) (H.L) duoc
nghién ctu nhiéu. Cac hop chat nay 1a nhirng
phtrc chat méi va 1a déi twong nghién ctu tha vi
trong tong hop hop chit vo co ¢ cau tric siéu
phén tr. Nghién cuiru tuong tac tur gitta cac ion
kim loai chuyén tiép va ion dét hiém trong cac
phtic chit nay ciing 1a mot hudng nghién ctu rat
hip dan [1-4]. Tuy nhién, cho dén nay, hau hét
cong trinh tap trung vao viéc xac dinh cu tric
phan tir caa phic chat hdn hop kim loai voi phbi
tar HoL, rat it trong s6 do khao sét tir tinh cua
nhitng phtrc chit nhu vay [5-7].
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Trong bai b4o nay, ching téi trinh bay két
qua tong hop, nghién ciru cau tric va tinh chat tir
cua phuc chat ba nhan {Mn"Gd"'"Mn'"} trén co
s& phdi tr HL. Do nhan Mn(ll) ¢6 téi da 5
electron doc than va nhan Gd(IIl) c6 tdi da 7
electron doc than nén phic chat {Mn"Gd"'Mn'"}
s& 1a mot trong nhiing hop chat c6 momen tir 16n
nhat, hira hen ¢6 nhiéu tng dung trong ché tao
vat liéu tir mai.

2. Thuc nghiém

2.1. Tong hop phire chdt ba nhan [GdMna( L);]

Hoa tan hoan toan GdOs (9,0 mg; ’0,025
mmol) trong dung dich HCI déc. C6 can hét HCI
du roi thém 5 mL CH3;OH va Mn(CHsCOO), -
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4H,0 (25,0 mg; 0,1 mmol). Thém vao dung dich
ndy phéi tr  2,6-dipicolinoylbis  (N,N-
dietylthioure) HoL (59,0 mg; 0,15 mmol). Sau
khoang 10 phat, HoL tan hét, dugc dung dich
mau vang nhat. Thém KPFg (18,0 g; 0,1 mmol)
vao hdn hop phan ung thiy két tia mau vang
cam xuat hién ngay lap tic. Luong két taa tach
ra nhiéu hon khi cho thém 3 giot Et3N. HAn hop
phan tng dugc khudy ¢ 50 °C trong 1 gio tiép
theo. Sau khi dé nguoi vé nhiét do phong, loc thu
san pham, rira bang CHsOH va lam khé trong
binh hit 4m, dugc chat rin mau cam it tan trong
ancol, tan tét trong CH.Cl,, CHCl3, axeton. Hiéu
suat knoang 80%. Pon tinh thé ctia phuc chat tao
thanh bang cach lam bay hoi cham dung dich cua
no trong hon hgp CH2Cl./CsHsCHs (3:1) hoac
CH2ClI,/CH3O0H (3:1) ¢ nhiét do phong.

2.2. Cac phwong phap nghién ciru

Phé hdng ngoai (IR) duoc do dudi dang vién
ép KBr trén may FTIR 1S Afinity, Shimadzu tai
Khoa Hoéa hoc, Truong Dai hoc Khoa hoc Tu
nhién, Pai hoc Quéc gia Ha Noi.

Do tir cam mol (ym) cua phuc chét trong
khoang nhiét @6 10 +~ 330 K duoc do trén may
QUANTUM DESIGN MPMS 7XL SQUID tai
Dai hoc Kochi, Nhat Ban. Hang sé nghich tir
Pascal dugc dung dé hiéu chinh gi tri d6 tir cam
ctia phic chat. Phan mém PHI duoc dung dé xéac
dinh hang sé tuong tac tir J [8].

Dit liéu nhidu xa tia X don tinh thé (SC-
XRD) duge do trén may Bruker D8 Quest tai
Khoa Héa hoc, Pai hoc Khoa hoc Tu nhién,
DHQG Ha Noi ¢ 100 K, d6i &m cuc Mo véi budc
s6ng Ka (4 =0,71073 A). Anh nhiéu xa duoc ghi
trén detector CMOS dang hinh vudng kich thudc
20 cm x 20 cm. Khoang céch tir tinh thé dén
detector 1a 4 cm. Qué trinh xtr 1 s6 liéu va hiéu
chinh sy hap thy tia X béi don tinh thé duogc thuc
hién trén cac phan mém chuan ctia may do. Cau
trac dugc tinh toan bang phan mém SHELXT va
t6i wu hoa bang phan mém SHELXL [9,10]. Vi
tri cadc nguyén tir hidro dugc xac dinh theo céac
thong sb 1i twong (goc, do dai lién két) bang phan
mém SHELXL. Cau trdc tinh thé duoc biéu dién
bang phan mém Olex2-1.2 [11].

3. Két qua va thao ludn
3.1. Tong hop phirc chat

Phirc chat hdn hop kim loai dwoc tong hop
bang phan @ng truc tiép gitra hon hop GdCls -
Mn(CH3;COOQ), - 4H,0 véi H,L theo ti 1€ mol
Gd* : Mn* : H,L=1:2:3 trong CH3OH (So
dd 1). Sy ¢6 mat cua bazo hitu co EtsN thic day
qua trinh tach proton cua phéi tir, do d6 1am ting
hiéu suat phan tng.
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So dd 1. Phan ung tao phiic chit [GdMnz(L)3](PFs).

Theo ti 1¢ hop thuc, hop phian mong doi
[GAMny(L)s] s& mang dién tich +1, tan nhiéu
trong dung méi phan cuc nhu CH3OH. Do vay,
KPFs duoc thém vao nham cung cap anion cé
kich thudce lon PFg- dé tach cation phire khoi hdn
hop phan tng & dang két taa [GdMny(L)3] (PFe).

3.2. Nghién czu cau tao phirc chdt bang phiong
phéap pho IR

Phé hap thu hong ngoai cua phuc chét
[GdMn;(L)s](PFe) dugc dua ra trong Hinh 1.
Mot sé dai hap thu dic trung trén phd IR coa
[GdMn(L)s](PFe) va cua HoL duoc dua ra trong
Bang 1. Khi so sanh phé IR caa phéi tir va phirc
chét (Bang 1), nhan thy sy vang mat dai hap thu
manh dac trung cho dao dong hda tri cia nhém
NH trong viing gan 3300 cm™. Ngoai ra, su
chuyén dich manh (~100 cm™) dai hap thy manh
dac trung cho dao dong hda tri cta nhom
cacbonyl vé phia song dai so véi trong phéi tir tu
do ching t6 xay ra su tach proton trong nhém
NH va su hinh thanh phic chat vong cang giita
hop phan aroylthioure vai ion Mn?*. Dai hap thu
chén rong, cuong do trung binh ¢ vang 3400 -
3800 cm'* trong phtc chat dugc quy gan cho dao
dong hoa trj cua lién két OH cua H.O 4m hoic
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Hinh 1. Phé IR ciia [GdMny(L)3](PFe).

Bang 1. Cac dai hip thu hdng ngoai ctia phdi tir va phtrc chét

. Dai hip thu (cm™)
Hop chat
Vo-H VN-H VC-H no Vvc=0 Vprg VC-H thom
HaL - 3273 (m) | 2974 (y), 2934 (y) | 1687 (m);1674 (m) - 752 (tb)
[GdMny(L)s](PFs) | 3676 - 2976 (y), 2936 (y) | 1591 (m); 1562 (m) | 841 (m) | 769 (th)

3.3. Nghién ciru cdu triic phirc chdt bang phirong
phap SC-XRD

Cdu tric phan ti cua phac chat
[GAMn(L)3](PFe) dugc dua ra ¢ Hinh 2. Két qua
xir I anh cua 5948 phan xa cho thay don tinh thé
thuoc hé mat thoi voi cac théng sé6 mang la
a=16,035(2) A, b=16,035(2) A, ¢ = 19,639(4) A,
a = 90° f = 90° y = 120° va c4c phan Xxa nay
tuong UNg VGi CAC mat nGt nam trong gidi han
-18<h<11,-13<k<15,-18 < I < 12. Caurtric
phiic chit duoc ti wu héa dya vao phuong phap
binh phuong téi thiéu 4p dung voi thira s6 cau
trdc Fra voi do sai léch gitra tap s6 lidu Fra 1y
thuyét va Fri thuc nghiém (Ry) 12 7,90%. Nhém
di xting khdng gian cua tinh thé 1a P3. O mang
co s bat déi xang cua phic chat chi chira 1/3
phan tir. Toan bo phan tir s& duoc tao thanh bang
phép quay quanh truc dbi xang béac ba di qua hai Hinh 2. Céu triic phan tir phiic chét
nguyén tir Mn va nguyén tir Gd. [GdMn(L)s](PFe). Cac nguyén tir H duoc loai bo.
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Két qua tinh toan va t6i wu hoa ciu trdc cho
thiy phirc chat c6 thanh phan [GdMn3(L)s] (PFs)
nhu mong doi. Cau ndi phirc chat ¢ chira mot
nguyén tee Gd(H11); hai nguyén tir Mn(ll) va ba
phdi tir da tach proton {L}*. Tir Hinh 2 ¢6 thé
thay nguyén tir trung tam Gd(111) c¢6 sé phdi tri 9
do tao lién két voi ba nguyén tir nito ciia vong
pyridin va su nguyén tur oxi cia nhom cacbonyl.
Trong khi d6, hai nguyén tir Mn(II) déu phdi tri
bat dién véi ba hop phan thioure thdng qua bo
nguyén tu cho (O,S).

b6 dai cac lien két Mn-S, Mn-O, Gd-O,
Gd-N (Bang 2) déu twong duong voi gia tri
tuong ¢rng trong cac phic chat twong tu dd cong
b [7]. Po dai trung binh cua céc lién két CN
trong vong chelat thioure 1a 1,37 A, dai hon so
vai lién két d6i C=N (1,30 A) va ngan hon so véi
lien két don C—N (1,45 A) thé hién su giai toa tét
electron & trong vong.

Bang 2. Mot s6 d6 dai lién két (A) trong phtrc chat

[Gdan(L)s](PFe)
Lién két | Do dai (A) | Liénkét | Do dai (A)
Gd-NO1 | 2,584(4) | Mn1-010 | 2,585(3)
Gd-010 | 2,406(3) | Mn1-S10 | 2,469(3)
Gd-020 | 2,514(3) | Mn2-020 | 2,407(3)
Mn2-S20 | 2,327(3)

3.4. Nghién c:zu tinh chat tir ciia phite chat

Su phu thudc cia do tir cam mol yw ctia phirc
chat [GdMny(L)s](PFe) vao nhiét do trong
khoang 10 + 330 K dugc biéu dién trong Hinh 3
trong d6 cac diém 14 gia tri yw thuc nghiém con
dudng cong 1a két qua mo phong bang phan mém
PHI. Tinh chat tr cua phac chét
[GdMn(L)3](PFs) dugc md phong trén mo hinh
Heisenberg ding huéng trong d6 tuong tac tir
gitta Mn-Gd duoc tinh dya trén toan tir Hamiton
[13]:

H = -2J(Swnt.Scd + Smn2.Scd)

Két qua md phong phit hop nhét so véi sb liéu
thyc nghiém ung voi hing sb tuong tic tir
J=+0,027 cm? va thira s6 Landé g = 1,94. Nhu
vay, tuong tac tur gitta Mn(Il) va Gd(III) trong

phirc chit 1a twong tac sit tir nhung twong dbi yéu
[14].
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Hinh 3. Sy phu thuéc d6 tir cam mol ( ™) cua phirc
chat [GdMny(L)3](PFe) vao nhiét do.

Momen tir hidu dung cta phirc chit tai cac
nhiét d¢ khac nhau duoc tinh bdi cong thirc ses
= (8ymT)Y2 [15]. Pudng cong st phu thudc vao
nhiét d¢ duogc dua ra trong Hinh 4. Tai 330K, gia
tri st ctia phirc chat [GdMny(L)s](PFe) 1a 10,84
ue. Gia tri ndy, ting rat cham khi nhiét d6 giam
trong khoang nhiét d¢ 330 + 20K, sau dé ting
nhanh hon & vung nhiét do thép hon, va dat gia
tri 11,98 us tai 10K. Su ting cham cla gia tri tess
phi hop véi tuong tac sat tir yéu ctia cac hat nhan
thuan tir trong phan tir [16].
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Hinh 4. Su pl}t_l thugc momen tir hiéu dung zes cla
phirc chat [GdMny(L)s](PFs)vao nhiét do.

Gié tri momen tir hi¢u dung tinh toan dua
trén phuong trinh (*) voi gia thiét hai ion Mn?*
va mdt ion Gd*" doc 1ap véi nhau cho gia tri
Leri = 11,53 pg (v6i g = 2) va piers = 11,19 pp (V6i
g =1,94) [15].
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Moge = \/ZgZMnSMn(SMn + 1) + gédSGd(SGd + 1) (*)
trong do: un, Yo lan Iuot 14 thira s6 Landé ctia ion
Mn?* va Gd®*; Smn, Scd 1an lugt la spin ctia ion Mn?*
va Gd**.

Gié tri momen tir hi¢u dung do dugc tai nhiét
dd phong cta phuc chat kha gan véi cac gia tri
trén va phu hop véi mo hinh tuong tac yéu gitra
Mn(11) va Gd(ll).

4. Két luan

Di tong hop thanh cdng phic chat ba nhan
hén hop kim loai voi thanh phan [GdMnz(L)3]
(PFs) trén co s& phdi tir 2,6-dipicolinoylbis(N,N-
dietylthioure). Thanh phan va ciu tric caa phirc
chét tao thanh di duoc ching minh bang phuong
phép phé IR va SC-XRD. Trong phic chit,
nguyén tir Gd(111) c6 s6 phdi tri 9, trong khi hai
nguyén tir Mn(11) déu c6 sé phéi tri 6 véi dang
hinh hoc bat dién. B3 chimmg minh dwogc tuong
tac sét tir yéu gitra Mn(I1) va Gd(I11) vai gia tri J
=+ 0,027 cm™.
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