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ABSTRACT

A series of Molybdenum thiocyanate complex has been prepared as new compound: MoQO,(CNS),Py,

MoO(CNS),Py, MoO.(CNS) - 3Py, MoO(CNS); -

2NH; - MoO(CNS); - 2HCONH,, where Py=Pyri-

dine. Properties and configuration of the complexes were studied by chemical and physical method.
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Molybdenum oxochloride compound £} oxothiocynate
compound o ¥3le] & o] gk} Krauss £} Huber®
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Batgd ek, 0.K Mcforland® &= (CH,;);CH:N, MoO-
(CNS), & 4Kty et P.C.H. Mitchell 9 R.]J.P.
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a) Mo0,(CNS),-Py 2| &
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(NH)eMo0,0,,-4H,0 4gr2 & 20mlo ?"‘ﬁ?%}:’_
NH,CNS 2gr ¢ 2ml Eo] iEfsl] 5 BHS
& GBARR BHSAA AT HEE S5ml & #53) ﬂﬁ}ﬁ
o} o) AL 2 7)o &) 32 ethylacetate 50 ml & i
Bt EEWA FEol %&d H#T F ethyl acetate f§
S Husle] water bath o] Al #¢§4] 2ml & pyridine &
matg ek, WA vhe WS glass filter o) 4 o o}
3} ethyl acetate = eifEsle] #HBY ¢ EAEBE
asdct

b) MoO(CNS),-Py 2| &8

«NH)eMo,0,,-4H,0 4gr-& & 20ml e
NH,CNS 10 gr 2 2ml &} Eo Bfsls |
Sohe KR WA A A HE Tml S 253
gt olAL EH#drle] &7 3 ethyl acetate
50 ml & fnste] EEoA Ffgo) a3 HEET o2
ethyl acetate J§2 Hidle] water bath o] A Bo]s 2ml
9] pyridine & MEtg ek BHEH AL glass filter o 4]
o 78} 3. acetone 2.2 PrifEdt =z ethyl acetate 2 4]
pEfEsted desicator ol A Higsle] WHFES HAEES
A=

¢) MoO,(CNS) - 3Py o 45

miERet Z2 HEo R ARIE o dut & R
sHAl skt Bl (NH.)eMo,0-4H,0 3gr & 20ml &
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50ml & fuste £Eo14 FRo] 5223 g Aol
ethyl acetate fJ§-2 Hi3sle] water batholA] LojmA)
8ml pyridine & m3tEch o) AL HiHsA AAE
< glass filter o] A} acetone 3} ethyl acetate =4 i
e B@l] ¢ BREE dsit
d) MoO(SCN);-2NH, 2| &8
184 m mole &] KCNS o] 23m mole & Mo ¢ 11 ml
o A% W®E 92 % Nmlz ¥ F 1L5gr9
N,H,-H,SO, & ol F 1057 m#hsle] 5828 sl
9] Mo(V)9] thiocyanate complex & Q@ ®, o]
SN &HE 12 <F 70ml 9] ethyl acetate & $h}]
% ¥ ammonia gas & BBEAA FHHE] LEHES
Ao} glass filter o] A ethyl acetate 2 M o]l &5 Mme
A4l
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e) MoO(CNS),-2HCONH, 2| &8

MoO(CNS),-2NH, & 4R E# H598 A3t o]
Mo(V)-thiocyanate & wF50]A] 7)o formamide &
2mole 510 % mste] =f flask o] ¥z N, & FiBst
HA AR Este RG] BREEE AUt oA
& ethyl acetate 2. ¥¥E3} 3 desicator o] A 2 =3}4 o}

3) #el i
a) Molybdenum 2| i

Aktell 0.5ml 9] H EMS sl Bkt A B
{£A7) e 9M H,SO, 20mlg fnole] mssaiA
##¥, ammonia, 2, CNS~ %5 de} ¥z £33
d&f o] 5l 3 Jones reductor B st Mol & &E
TTRA S ferric-alum el HtejA 0.1 N KMnO, &
K o2 WESFH D,

b) SCN- 2| 9t

B dil HNO o) #8417 2 0. IN AgNO; HREE%
W& st water bath ol 4 fn#idte $AAZ &
ferric alum indicator & M A] 0. 1N KCNS E#®RE o
2 WEStY CNS™&& Arstaden,

¢) Pyridine 2 45

kel 21k NaOH ##-S pnshed -F21 8 pyridine &
steam distillation &}« #EER 0.IN HClol B4 7]
3 o] 7]¢] brom-phenol blue indicator & A 0.1N
NaOH R 0. & WEste] ER ooy,

A:Somple

B:NaOH Soln.
C:Gloss Spray trop
D:liebigs Condenser
E:Receiver

Figure 1. Apparatus for ammonia distillation



Vol. 12, No.3, 1968
d) Ammonia 2| $if

BUkHE —ER Weto] MMEA7) 2 97]4] 213 NaOH
W kel T Fig 13 o] fnsshel 0. 1IN HC
o) Btk A 7] = methyl red indicator & 4.4 0. IN NaOH
ERERKO . WEste wasid g,

4) Infrared spectra

infrared spectral= Beckman spectrophotometer model
IR4Z2 44 650~5000cm &E] A FHFFS nujol 3
% BAso recording g HIEIA .

5) Differentical thermal analysis

Du Pont B FREMISHTEE A4 50°ClA X3
BRES $394 A7 A3 SEES AESIA

6) Adsorption spectra

Beckman D B spectrophotometer 3 M4} E-& refer-

ence 2 3} recording 34 T},
R A ER

A Ao] 43t Mo-thiocyanate 2] pyridine $§47-2 &
Fem =4 Hg Agreductor, KI, SnCl,, N,H,—H,SO,,
electrolytic reduction 28 FA3< %z NH,CNSE
H.SO, Battel A RHEA At =tebA NH,CNS 7 &7
#Ee 94 BETEAE REGT2 435,

MoO(CNS); - 2NH; ¢ MoO(CNS), - 2HCONH, +
ethyl acetate @] #H3t molybdenum thiocyanate §#

Table 1. Mole ratio and the chemical analysis
results of MoOQ,(CNS); - Py

No. of Exp. Mo% CNS% Py%
1 30.12 35.02 24.05
2 30. 21 35.04 24.02
3 30. 15 35.21 24.10
Mean 30.16 35.09 24.06
Mole ratio 0. 314 0.615 0.304
1 2 1

Table 2. Mole ratio and the chemical analysis
results of MoO(CNS), - Py

No. of Exp. Mo% CNS% Py%
1 22.61 55.01 18.81
2 22.63 55.12 19.02
3 22.58 55.03 19.01
Mean 22.61 55.08 18.95
Mole ratio 0.235 0. 949 0. 239
1 4 1

Molybdenum g4yl BES Bge 95

Table 3. Mole ratio and the chemical analysis
results of MoO,(CNS) - 3Py

No.of Exp. Mo % CNS% Py%
1 22.51 13.52 56. 42
2 22.54 13.54 56. 38
3 22. 60 13. 49 56.43
Mean 22.55 13.517 56. 41
Mole ratio 0.235 0.233 0.714
1 1 3

Table 4. Mole ratio and the chemical analysis
results of MoO(CNS); - 2NH;

No. of Exp. Mo % CNS % NH;%
1 30.01 54. 42 10.72
2 30.12 54. 34 10. 69
3 29.82 54. 38 10.74
Mean 29.98 54. 38 10.72
Mole ratio 0.312 0.937 0.633
1 3 2

Table 5. Mole ratio and the chemical analysis
results of MoO(CNS);-2HCONH,"*

No.of Exp. Mo% CNS% Residuary value

1 25.89 45. 90
2 25.78 45.88
3 25. 80 45.73
Mean 25. 82 45.83 28. 35
Mole ratio 0. 269 0.790
1.00 2.98

*o) o] A HCONH; &) #H#i& HEst=z Mos} CNS 9
AHES 248614 W B2 o] 84l AT HCONH, % Mo
o AT Otz £Rstel KALE o A3 e BR
<] {5 Kgsie] MoO(CNS),-2HCONH, ol &,

Mole
Mo CNS O.2HCONH, Me CNS

Mole H;
20-2HCONH,

25.82  45.83 28.35 25.82 45.83 28.35
95.95 58.09 106. 00 95.95 58.09 122.00

1.00 2.93 1.00 1.15 3.38 1.00

4ol NH, 9} HCONH, 7} Kinsted MoO(CNS);-2NH,,
MoO(CNS), - 2HCONH, s450] #AA B 65
AAYF RESR (L&l £tz A4 &

Pyridine 9 &4 Wifgiko) 2% lbdted o2 X
W) REsth, o) #%9 {LBHWES ¥ BR:
Table 1~5 3 2+,

Infrared spectra & t}& Fig. 2~7 5 7z}, ARE
®E o tizlo] thiocyanate C—N stretching fre-
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quency 7} 2080 cm~! o 4] #EHA] e} gleh o)A = AL trans MoQ,"? & 714 7lgdole} 44T =
& N& @Eoo] faY SON iong ehie C-No  trans el fkehed Mo=07} A2 BshA 2ol &R
stretching frequency of] | F&eH("», 490~460 cm™" A} gchz AZE . o] AL Xoray o] FEFRO] Sl E tra
o]¢] SCN bending mode Fif: WEYT A Ade  ns2 O/ HATGE Mo—09 R 2L BWRF
2 ERE 5 8o aziolzt A —EE R FEdTs Lol

s&#r0] Mo=O group & 7}A| & B#figt molybdenyl (MoQ,C,0,)” group o] A MoO,* &= O 7} cisHle g
oxygen o] B3l (L& MoO,** group & Hlrst WEadtn QQomz 980 emt o] HREIAl Bl R o] 0
£ RS A% BRTS Qo ol e B A9 RHE A AE Pyridine & Nujol 3 2&
{2 =83t oxo 32 dioxo compound B} BE C—C, C—HS #Egolne WugstAl B peak & 2
g4 gl 0=Mo=07} ¥ & frequeney & 74 T gl

g 200 1500 900 _ 800 1o 2002001500 1000900 800

~ > 80-

R 3%

N S~

w w

] (%]

z z

< <

—- -

= =

3 3 4o 1

5 v

g z

< <

B £ 200 n 1
7 4 & & 10 2 7 4 s & 0 1z 4

Figure 2. Infrared spectra of Nujol Figure 3. Infrared spectra of MoO,(CNS)-3Py
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Figure 4. Infrared spectra of MoO(CNS),-Py Figure 5. Infrared spectra of MoO,(CNS);-Py
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Figure 6. Infrared spectra of MoO(CNS);-2NH; Figure 7. Infrared spectra of MoO(CNS);-2HCoNH.
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Table 6. Mo—To—O Infrared absorption

Comp. cm™!
MoOCly- 2(CHy) SO Mo=0 frequency 970
MoOClg: 2Py® p 966
MoO(CNS),-Py. 14 960
MoO(CNS);3-2NH; ” 950
MoO(CNS);-2HCONH, ” 970
MoO,Cl,15 O=Mo=0 frequency 905
Mo0O.(Oxinate),4® ” 903
MooQ,Cly- 2DMF 18> ” 905
MoOy(CNS);-Py ” 905
MoO,(CNS)-3Py ” 905

Table 7. C—N Infrared absorption

Molybdenum 474

g R 97

1.0 | —O—:MoM,(CNS),-Py
g0t ——:MoO(CNS};-2HCONH,
—--—:MoO (CNS§};-2NH,
601
T 401
T
g
£
c
8 200
<
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Figure 9. Visible and near-ultraviolet
absorption curves

£ WEYS 9o, 98 Fig 95 2] MoO(CNS),-Py
= 380mp 7 370my o) WL peak 7 A= MoO(CNS);-

Comp. C—N frequency, cm™ oNH, & MoO(CNS),-2HCONH, & 520 mu ol A ##K
[(CiHeNIz Re(SCN)sH? 2050 3| #@mmste] 360 mpo] o] 21t peak & Fot ﬁ‘— At
[Co(tren)CNCSJSCN®0 2085 R —FR B Bl KLr0: o) BEE st
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MOOZ(CNS>-3PY 2080 KIT‘—_’T 1][]'6}-%1;}- o]uﬂ $71 Iz = 325203-4 gﬁ?ﬁ?
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© MoO; (CNS), Py YR:Yellowish red Ber. 94, 2864 (1964)-
W :Whito
De:Decomp 2) M. Horner and S. Y.
o Tyree, Inorg. Chem.
N & 1, 122 (1962)

@~ Y ? :

Tme— o L AN 1) P.C. H. Mitchell, J.
N -

® v W\»\ [/ A % / r\\ 1 Inorg. and Nucl.

Caat By &= '\ S Chem., 25, 963

©\\\ ) /))&(EV\ (1963)

®—1R ‘( ~o /2 ‘\/ 4 M.L Larson and

o
% Fred W. Moore,
5 N\ ’ ‘ w Inorg. Chem., 5,
BLV \ 801 (1966)
5) J.F. Allen and H.
| . . A A \ . ) c M. Neuman, Inorg.
50 100 150 200 250 300 35 400 430 Chem., 8, 1612

Figure 8. The desults of differential thermal analysis

(1964)



98 &
6) O.K. Mcfarland, Analy. Chem., 36,2489 (1964)
7) Mitchell and William, J. Chem. Soc., 4570
(1962)
e

8) &, R, F KB

9) G. Charlot

p. 491

10) W.G. Palmer, Experimental Inorganic Chemi-

p. 147

11) J. A. Frits, Inorg. Chem. 6 2, 549 (1963)

12) Arthur A. Vogel,
p. 247

13) M. Ciampolini and P. Paoletti,

7. 170 (1963)

Quantitative Inorg.

[F7W13
and Donise,
analysis,
stry.

Quantitative Inorg. Chem.

Inorg. Chem.

bl

LS KA gk

6, 1261 (1967)
14) M.L. Lareon and F. W.

5, 801 (1966)

15) M.L. Lareon and F. W. Moore, Inorg. Chem. ,
5, 801 (1966

16) A.F. Cotton and W.R. Robinson, Inorg. Chem.,
6, 927 (1067

17) M. Cianpolini and Paoletti,
1261 (1967)

18) T.M. Brow and Bryan Ruble, Inorg. Chem.,
6, 1335 (1967)

Moore, Inorg. Chem.

Inorg. Chem., 6,



