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TOM TAT
Hop chat hexamolybdocobaltate(Ill) axit pyridin-3-cachoxylic (H30)s/CoMOsO15(OH)s]

{(CeHsNO,), 5H,0 (hop chat 1) thudc hé vit liéu lai ' ghép vo co-hitu co két tinh trong hé tinh thé
ba nghleng, nhom khéng gian P-1. Day la hop_ chdt c6 tiém nding iing dung trong linh vue hoa
dige va xiic tac. Hop chat 1 dwoc tong hop bang phwong phdp thiy nhiét, dac trung cdu triic
duwoc dwgc nghién ciru bang cdc phwong phap: tinh thé hoc tia X (XRC), phé NMR va IR. C4c
tham s6 6 don vi ciia hop chat 1 la: a = 9,230 A; b = 10,700 4; ¢ = 10,850 A; o = 95,95%; f =
110,01°; y = 105,11°; V = 949,9 A%: p = 2,479 g/cm®; Z = 1.
Tir khoa: Heteropolyanion; Tinh thé hoc tia X; IR; NMR.

1. MO PAU

Hoa hoc heteropolycompounds (HPCs) 1a mot phan dic biét cua hoa hoc phdi tri, nghién ciru
cAu triic va tinh chat hoa 1y cta cac polymetallates nguyén t6 d°, xay dung tir khdi bat dién kim
loai-oxy MOg, dugc lién két v6i nhau bdi cac dinh va cic canh v6i sy hinh thanh khung
heteropolyanion(HPA) viing chéc [1-3]. Trong cac chuyén khao va bai bao [4-6] cac quan diém
khac nhau lién quan dén cdu triic va ban chét cia HPA dugc dé cap kha day du. Lién quan dén
kha ning st dung HPCs lam chét xtc tic cho tong hop hitu co, chit tc ché an mon, trong cac
ché phém nhay sang, nhay nhiét va nhiéu cac linh vuc khac, nhu cau nghién ctru cac déc tinh va
cAu tric cua ching dugc ting 1én. Xu hudéng hién nay cia phat trién héa hoc HPCs gin lién voi
vi€c tao ra cac vat liéu nano composite vo co-hitu co [7, 8].

Bai bdo ndy mé ta cic nghién ctru dic trung cu trac ciia hop chit hexamolybdocobaltate(IIT)
axit pyridin-3-cachoxylic (H30)3[CoMOgO15(OH)s] (CsHsNO,), 5H,0.

2. THU'C NGHIEM

Céc hoa chat duoc sir dung dé tong hop hop chit hexamolybdocobaltate(IlI) axit pyridin-3-
cacboxylic (H30)3[CoMOgO15(OH)s] (CsHsNO,), 5SH,O bao gom: Ammonium heptamolybdate
(NH4)6M070,4, Cpbalt nitrat Co(NOs),.6H,0, Axit nitric HNOj, Axit pyridin-3-cacboxylic
CsHsNO,, nude cat.

WDé ching thyc tinh riéng 1¢ va d6 tinh khiét cia hop chat 1 cac nghién ciru bang phwong phap
phd NMR va IR da duoc thyc hién.

Pho *H, *°C NMR duoc ghi lai trong dung dich DMSO-d6 sir dung méy do ph6 JEOL INM-
ECX-400 v6i tan s hoat dong 400 MHz. Pho NMR chira céc tin higu *H va *°C lién quan dén
cac thanh phan hitu co va vo co cua hop chat dugc tong hop.

Phé IR cua cac hop chit duoc ghi lai trong dai 576 song 4000 - 400 cm™ béqg may quang phd
Fourier Nicolet 380 trong anh sang phan xa. Pho thu dugc, duge xu 1y bang chuong trinh
OMNIC va so sanh véi pho IR cua chat phan rng ban dau va vai cac hop chat dang cau da duoc
nghién ctru trudce day [9].

Dé lam sang t6 cau trac tinh thé ctua hop chit 1 ching toi da su dung phuong phap tinh thé
hoc tia X (XRC), dugc thuc hién tai Trung tdm Nghién ctru Quoc gia “Vién Kurchatov” (Lién
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bang Nga). Cac thong sb 6 co s& va cuong do phan xa duoc do tai tram dong bo “BELOK” sir
dung may do hai chiéu Rayonix SX165 CCD (¢-quét voi mot bude 1,0°). Dir liéu thir nghiém
dugc xtr 1y bang chwong trinh iMOSFLM c6 trong hé thong phan mém CCP4 [10]. Déi voi dir
liéu thu duoc, su hép thu tia X d3 duoc tinh dén béng cach st dung chuong trinh Scala [11]. TAt
ca céc tinh toan duoc thuc hién bang hé thong phan mém SHELXTL [12].

3. KET QUA VA THAO LUAN

Hop chit hexamolybdocobaltate(II) axit pyridin-3-cacboxylic (H3z0)3[CoMOeO15(OH)e]
(C6H5N02)2 5H,0 tong hop dugc ton tai ¢ dang tinh thé c6 mau xanh lyc. Anh hién vi dién tur
ctia tinh thé hop chét 1 dugc thé hién ¢ hinh 1.

Hinh 1. Anh hién vi dién tir cia tinh thé (H30)3[C0M06018(OH)5] (CsHsNO,), 5H,0.

Két qua phan tich NMR cho thy, su hién dién cua tit ca cac tin hiéu *H va **C lién quan dén
cac thanh phan hitu co va vo c& ciia hop chat 1. Tin hiéu ¢ 2,0966 ppm tuong tng v&i cac proton
cua nhom OH trong HPA. Sy dich chuyen ctia tin hidu nay 0,0966 ppm so v6i phd twong tu cua
HPA ban dau (2,0000 ppm), cho thay su tham gia ciia proton nay trong viéc hinh thanh lién két
hydro v&i cac phén tir nude va axit pyridin-3-cacboxylic, két qua hinh thanh HPC vé co-hitu co
moi. Dit liéu NMR cua hop chét 1 dugce trinh bay trong bang 1.

Bing 1. Bé dich chuyén héa hoc NMR (ppm) *H u **C trong dung dich DO ciia hop chat
(H3O)3[C0M06018(OH)6]'(C6H5N02)2‘5H20.

STT | Nhom chuc T Do dich (1:? él yen

1 ’CH 9.0068 145.8613
2 e - 135.6212
3 *CH 8.7275 142.9438
4 SCH 8.7934 127.0782
5 °CH 7.9813 143.5063
6 'c=0 - 168.7157
7 Co-O-H 2.0966 -

Trong phd IR, cac dai hip thu ddc trung cta cic phan tir thanh phan hitu co va dao dong dic
trung cua lién két kim loai-oxy ctia cac polyanion dugc nhin thiy r rang.

Céc dao dong chinh cia nh(')m cudi cis-M00,, va cac nhom bic cadu Mo-O-Mo duge biéu hién
trong vung 1000 400 cm™. Vi mdi bat dlen MoOg ddi xtng Cy, ¢6 mot nhom cis-MoO,, nén
phd IR véi ciu triic anion [COMOeolg(OH)G] can phai quan sat thdy hai vach phd do dao dong
kéo dai ctia cac nhom nay. Chiing bao gdm cac vach & dang kép 937,4 va 890,2 cm™. Trén phd
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IR con quan sat thiy hai vach manh & 637,2 va 545,3 cm™ twong tmg véi dao dong kéo dai cua
sau lién két cau ndi Mo-O-Mo. Vach phd & 401,4 cm™ tuong tng véi dao dong Mo—O(H)-Mo
ctia manh Mo,O(H)Co. Vach phé ¢ 597,2 cm™ twong tmg v&i dao dong cuia lién két Co-O.

Trong phd IR ctia hop chét 1, quan sat thay cac dao dong & dang dai rong trong khoang 3600
- 3000 cm™, ciing nhu cac dai c6 cuong do trung binh trong khoang 1600 — 1530 cm™, thudc vé
dao dong cua cac nhom hydroxyl ciia nudc va HPA.

Tan sé trong ving 1579 - 1575 cm™ 1a dao ~dong cua vong thom, trong vung 1112 em™ va
1700 cm™ tuong tng vo6i dao dong phang va blen dang cta cac nhom CH va COOH tuong u’ng
Quan sét thdy c6 sy thay ddi nho trong tan sé dao dong kéo dai ciia nhom cacboxyl (1690 cm® D)
s0 voi dai twong tu trong phé cua axit nicotinic nguyén chat (1701 cm™), diéu nay cho thiy axit
nay c6 tham gia lién két v6i voi HPA. Ngoai ra, tuong tac dao dong kéo dan cua cac lién két
C=0 va O-H dan dén sy xuét hién cua hai vach méi 1an Iuot 13 1555 va 1383 cm™. M6t dai rong,
gan nhu lién tuc trong ving 2330 - 2370 cm™ tuwong tng véi cac dao dong ciia nhoém NH.

Cdu traic cua hop chit hexamolybdocobaltate(Ill) axit pyridin-3-cacboxylic
(H30)3[CoMO¢015(0H)s] (CsHsNO,), 5H,0 dugce thé hién ¢ hinh 2. Dir liéu tinh thé hoc trinh
bay trong bang 2, khoang cach giita cac nguyén tir trong HPA va cac thong sb cia lién két hydro
trong tinh thé 1an lugt dugc dua ra trong bang 3 va 4.

Thanh phén ciia hgp chat 1 bao gdbm HPA [CoMog(OH)s015]* ¢6 céu trac Anderson, 3 cation
hydroni H;0", 2 phan tir axit pyridin-3-cacboxylic va 5 phan tir nudc két tinh.

Trong HPA, 6 nguyén tir molypden tao thanh khdi bat dién méo MoOg duoc sip xép dudi
dang vong tron, bén trong c6 mot khoang chira mét phirc nguyén tu. Trong mdi khdi trong s6 sau
khéi bat dién cua khung polyanion, cé thé chia ra duoc hai lién két cubi molypden-oxy (Mo=0)
¢6 chiéu dai trung binh ~ 1,719 A, hai lién két bac cau doi (Mo—O-Mo) va hai lién két voi
nguyén tir oxy bic cau p® (Mo—O(H)(Co)-Mo) véi khoang cach trung binh cia lién két Mo—O
lan luot 1a 1,945 va 2,297 A. Nguyén tir trung tim Co c¢6 s phdi tri bang 6, ndm & trung tim cia
mot hinh bat dién gﬁn nhu déu, & dinh bat dién c6 cac nhom OH, chiéu dai trung binh cua lién
két Co-O ~ 1,921 A.

Hinh 2. Cdu tric ciia hexamolybdocobaltate axit pyridin-3-cacboxylic
(H30)3[CoM0015(OH)s] (CsHsNO2)2 5H,0.
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Bdng 2. Dit liéu tinh thé hoc ciia hop chdt (Hz0)3[CoM0g015(OH)s] (CsHsNO,), SH,O.

1 Cong thirc phan tir C1o2H35CoMogN»O34

2 | T,K 100(2)

3 | Khdi lwong phan tir, g/mol 1417,99

4 | Hé tinh thé Ba nghiéng

5 | Nhom khéng gian P-1

6 | & b, c, A; 9,2303(19);10,700(2);10.850(2)

a, B, y,do 95,95(3); 110,01(3); 105,11(3)

7 |V,A 949.9(4)

8 | Khdi lwong riéng p, glem® 2,479

9 |Z 1

10 | F(000) 688

11 | & mm* 5,673

12 | Kich thudc tinh thé, mm 0,12 x 0,10 x 0,05

13 | Pham vi géc O, do 3,380 mo 38,415

14 | Chi sb khoang cach h, k, | -11<=h<=11,-13<=k<=13,-13<=I<=11

15 | Téng s phan xa 17749

16 | S6 luong phan xa doc 1ap 3953

SO luwgng phan xa quan sat

171 duoc Vi ?>2a(1)' ! 3123

18 | Rint 0,1136

19 | GOOF (F?) 0,957

20 | Ry /WR; [I>20(1)] 0,0672/0,1398

21 | Ry/WR; [tat ca dit liéu] 0,0833/0,1529

22 | APion nhie/ APuho nni » €- A-3 1,821/-2,238

23 | Extinction 0,0032(3)

Bing 3. Khodng cdch giita cdc nguyén tir (d, A) trong HPA cia hop chat 1.

STT | Lién két d A STT | Lién két d A
1 Mo(1)-O(3) 1,714(5) 1 | Mo(3)-0O(11) 1,715(5)
2 Mo(1)-O(2) 1,723(5) 2 | Mo(3)-0(12) 1,717(5)
3 Mo(1)-O(4) 1,947(5) 3 | Mo(3)-O(1)#1 | 1,924(5)
4 Mo(1)-O(1) 1,969(4) 4 | Mo(3)-0(9) 1,938(5)
5 Mo(1)-O(5) 2,279(5) 5 | Mo(3)-O(6)#1 | 2,294(5)
6 Mo(1)-O(6) 2,316(6) 6 | Mo(3)-O(10) 2,294(5)
7 Mo(2)-O(8) 1,722(4) 7 | Co(1)-O(10) 1,912(4)
8 Mo(2)-O(7) 1,723(6) 8 | Co(1)-O(10)#1 | 1,912(4)
9 Mo(2)-0(9) 1,934(5) 9 | Co(1)-O(5)#1 1,924(6)
10 | Mo(2)-O(4) 1,958(5) 10 | Co(1)-O(5) 1,924(6)
11 | Mo(2)-O(5) 2,254(5) 11 | Co(1)-O(6) 1,927(5)
12 | Mo(2)-O(10) | 2,346(6) 12 | Co(1)-O(6)#1 1,927(5)
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Bing 4. Cac dai lwong ddc trung cua lién két hydro trong hop chat 1.

STT Lién két d A |dA d A Géc, do
D-H..A (D-H) | (H..A) | (D..A) | (D-H-A)
1 | O(5)-H(50)...0(14) 091 | 1,67 2,584(7) | 177,9
2 | O(6)-H(60)..0(13)#1 | 0,91 | 1,77 2,664(7) | 165,3
3 | O(10)-H(100)..0(19) [0,91 |[214 |2,859(5) | 135,1
4 | N(1)-H(1)..0(17)#2 090 |1,84 |2,648(9) | 1475
5 | O(15)-H(15A)..0(12) |0,91 |211 2,945(5) | 152,1
6 | O(15)-H(15B)..0(13) [ 0,90 |[2,03 | 2,898(5) | 162,5
7 | O(16)-H(16A)...0(1) 091 |186 |2768(8)|179,7
8 | O(16)-H(16B)..O(3}#2 |0,91 |1,94 |2,801(9) | 157,1
9 | O(16)-H(16C)..0(8)#3 | 0,91 | 2,02 2,880(7) | 156,7
10 | O(17)-H(17A)..0(18) |0,91 | 1,89 2,744(9) | 155,5
11 | O(17)-H(17B)..0(9)#4 [ 0,90 |[2,00 | 2,824(7) | 151,5
12 | O(18)-H(18A)...0(4) 0,90 |1,93 |23800(7) | 163,2
13 | O(18)-H(18B)...0(11)#5 | 0,91 | 2,09 2,931(8) | 153,4
14 | O(18)-H(18C)...0(16)#6 | 0,91 | 2,16 | 2,988(8) | 149,5
15 | O(19)-H(19B)...0(8) 0,92 |2,27 3,084(5) | 146,5
16 | O(19)-H(19A)..0(11) [0,92 |[2,05 | 2,875(5) | 149,0
17 | O(5)-H(50)...0(14) 091 |1,67 2,584(7) | 177,9
18 | O(6)-H(60)..0(13)#1 | 0.91 | 1,77 2,664(7) | 165,3

Cac phan tir hitu co la cac ion ludng cuc voi cac dién tich duong tap trung trén nhém —NHj;
va cac dién tich am phén dinh theo doan —COQ. Do su phan chia cta di¢n tich &m, khoang cach
ctia C=0 va C-O trong nhom cacboxyl gan bang nhau va bang khoang 1,269 (/i) va 1,259 (/i).
Ca hai nguyén tir oxy trong nhém cacboxyl cua axit pyridin-3-cacboxylic tao lién két hydro viing
chic v6i cac nguyén tir oxy bic cdu p® cia HPA. Tt ca cac cation hydronium HsO" lién két véi
nhau va véi HPA tinh dién, dong thoi hinh thanh mang ludi ba chiéu cia cac lién két hydro lién
phan tir O-H---O v6i sy tham gia ciia cic nguyén tir oxy bic cau (Mo—O-Mo) cua khung
polyanion (bang 3 va hinh 2).

4. KET LUAN

D3 tong hop thanh céng hop chét vo co-hitu co mdi hexamolybdocobaltate(IIT) axit pyridin-
3-CaCboxy|iC (HgO)s[COM06018(OH)6](C6H5N02)25H20

Bing cac phuong phap phd NMR, IR, tinh thé hoc tia X (XRC) di xac dinh dwoc cau tric
tinh thé ciia hop chat 1. Toa do nguyén tir, do dai lién két, goc lién két, khdi lugng riéng va sb
don vi cong thirc (Z) ctia hop chit méi tong hop di dugc xac dinh. T6 chic khong gian cua cac
thanh phan v6 co va hitu co quan trong ctia hop chat 1 nay di dugc nghién ctru chi tiét.
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ABSTRACT

Study on structural characterization of hexamolybdocobaltate(l11) pyridine-3-carboxylic
acid (HgO)g[COMO6018(OH)5]'(C6H5NOZ)2'5H20

The hexamolybdocobaltate(l11) pyridine-3-carboxylic acid (Hs0)s/COMOsO15(OH)g]
"(CsHsNO,), SH,O(compound 1) is an organic-inorganic hybrid material with a three-tilt
crystal system belonged to space group P-1. This compound is a promising candidate for
applications in the field of pharmaceutical chemistry and catalysis. Compound 1 was
synthesized by the hydrothermal method. The prepared compound 1 was characterized by
structural characteristics that were studied by methods: X-ray crystallography (XRC),
NMR, and IR spectroscopies. The unit cell parameters of compound 1 were determined to
be: a=19.230 A, b = 10.700 4, ¢ = 10.850 A, a = 95.95°, # = 110.01°, y = 105.11°, V =
949.9 A and p = 2.479 glcm®, Z = 1.

Keywords: Heteropolyanion; X-ray crystallography; IR; NMR.
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