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respectivel 1 '-+ . 1.1 and 1 Aa-+1 Au transitions 
tic Pd(II) y. Stmtlarly, the solutions of eiamagne-
28Soo an~om~lexes gave the bands at 38000, 30000, 
1A.18~1B 1 A 25~0 cm-1 . corresponding . to the THE present communication describes synthesis and 
transition~' tg-+. E,, 1 Au-+1 B11 and 1 A11-+1 A.sg infrared spectra of a new series of dithiocarba-
tn.o:ment v· {especttvely. The observed magnetic · mates, (C6 H1 CH9 )(R)NCS;, viz., 
Very close a ue 1.85 B.M. of Cu(II) complexes was R=H, benzyldithiocarbamate (BzHNCS;), 
lhree banJo that predicted for spin only value. 
observed sat 21500~ 20000 and 16000 cm-t were R=CH8 , benzylmethyldithiocarbamate 
transfer ~~~rrespondmg to the transitions, charge (BzMeNCS;), 
lhus th' 1r~2Ils and 2 B11 -+11A18 respectively. R=C11 H1 , ben:z;ylethyldithiocarbamate 
Were fo:n~omplexes of Ni(II), Pd(II) and Cu(II) (BzEtNCS;), 
of Co(JI) of square planer structure. In the case R=CuH\, benzylisopropyldithiocarbamate 
Wall foun~0fPlexes, the value of magnetic moment (BziPrNCS;), 
tered in te 0 be 4.50 B.M. which is usally encoun-
their elec/ra~edral cobalt(II) complexesllll. Secondly, and R =C6 H 6CH 11 , dibenzyldithiocarbamate 
32500 cm.!~ntc.spectra gave the bands at 25000 and (BzsNCS;). 
and 'A (F)Whtch correspond to 4Au(F)--.•T11(F) Variation in v(CN) with the change in R group 

2 ' -+4 T u(P) respectively. has been discussed. A comparison has also been 
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TA.BI.ll 1-ANAI.YTICAI. DA'tA A.ND IMPORTAN't INI'RARJlD BANDS (cm- 1) 

Compound m.p. C% H% oa Found Found 
(Oalcd,) (Oalcd.) 

1. BzB:NOS.NH4 1116 4:'7.91 5.88 
(4:8.00) (6.00) 

II. Bz.NOS.K.8Hs0 101 4:9.117 5.51 
(49.311) (5.4:8) 

3. BzM:eNOB.Na.3HsO !!5o- 89.39 5.80 
11511 (89.5'1) (5.86) 

4:. BzEt;NOS,NH4 113 511.69 '1.83 
(52.63) (7.02) 

5. BziPrNOS,Na.3H•O 68-70 4:3.77 6.71 
(4:3.85) (6.64) 

6. Me,NOS,Na (Ref. 3) 
7. Et,NOS.Na (Ref. 3) 
8. PhHNOS,NH4 (Ref. 4) 

made with v(CN) values for dialkyldithiocarba­
mates and phenyldithiocarbamate. 

Preparations of the dithiocarbamates : The amines 
used for the preparation of dithiocarbamates were 
obtained from Aldrich Chemical Co., Dorset, and 
were used as received. The dithiocarbamates were 
prepared as the sodium, potassium or ammonium 
salts as described below. 

(i) Ammonium benzyldithiocarbamate (BzHNCS9 • 

NH.,) : Benzylamine (0.1 mole) was slowly run in 
15 min with vigorous stirring into an ice cooled 
solution containing CS 9 (0.1 mole) and concentra­
ted ammonia (sp. gr. 0.89 ; 0.1 mole) maintaining 
the temperature of the reaction mixture between 
0·5°. A white crystalline product was obtained, 
which was washed first with a little cold water, then 
several times with solvent ether and finally suction 
dried. The product was recrystallised from acetone­
chloroform mixture. Yield, 700,&. 

(ii) Potassium dibenzyldithiocarbamate trihydrate 
(Bz1NCS1 K.3H1 0), 

(iii) Sodium benzylmethyldithiocarbamate 
trihydrate (BzMeNCS1 Na.3H10), 

{iv) Ammonium benzylethyldithiocarbamate 
(BzEtNCS1 NH.,), 

(v) Sodium benzylisopropyldithiocarbamate 
trihydrate (BziPrNCS1 Na.3HsO) : 

An aqueous solution containing 0.1 mole each 
of the base (NaOH/KOH/NH4.0H) and the amine 
dissolved in minimum amount of water was cooled 
to 15° in ice cooled water (to 0° in an ice bath in 
the case of benzylmethyl amine). To this cooled 
solution 0.1 mole of CSs was added dropwise with 
stirring. After about half an hour the whole mass 
solidified. The white solid mass was dried in air 
and dissolved in minimum quantity of pure ace· 
tone. An excess of carbon tetrachloride was added 
to this solution when a shining white compound 
separated· out. It was filtered and suction dried. 
The product was recrystallised from acetone-chloro­
form mixture. Yield, 70-75%. 

Analytical data alongwith other physical charac­
teristics of the dithiocarbamates are given in 
Table 1. 
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N% "(O=N) "(OSS)asy "(OSS)sylll 
Found 
(Oalcd.) 

14:.80 1361 a 9110 VB 684:VS 
(14.00) 

'[OOVS 8.73 14:411 VB 9711 vs 
(3.84) 990vs 

700 vs 5.08 14:70 s 95!.1 VB 
(5.13) 972 VS 
111.19 1U'ls 958 8 

69QVS 

{12.118) 940 vs 
6948 4.58 14311 VB 96!1 VB 

(4:.65) 
1508 8 
H77 s 
1825 8 _..,., 

fthe 
ln/r01·ed spectra : 'ihe infrared spectra 0 s on 

dithiocarbamates were recorded in KBr pelletr ill 
a Perkin Elmer 621 recording spectrophoto~e~tiller 
the r~nge 4000-200 cm-1 as well as on Perk1n •7o0 
137 mfracord spectrometer in the range 400°jvell 
cm-1 • Important infrared spectral bands aNC: Nil 
in Table 1. v1cN1 for Me1 NCS9 Na, Ets k; of 
and PhHNCS 9 NH., are also given for the sa 
comparison. 

· n call 
The structure of the dithiocarbamat~ anlo 5 : 

be represented by the following resonating forlll 

Ia I (b) fc l 

tri· 
The extent to which the resonance form (c) con er· 
butes to the overall dithiocarbamate structure 1e\be 
mines the extent of double bond character o 
(C-N) bond•. N 

A perusal of the data in Table 1 reveals t_hat ~a· 
stretching frequencies lfor the present dithiOC~ jo• 
mates are slightly lower than those for dialkyldtt~yl· 
carbamates and much higher than thosCi ofpbe eJt· 
dithiocarbamate. This observation may be wn 
plained on the basis of the electronic effects shO 
below: 

(1) (~) (S) 

In dialkyl dithiocarbamates (1) R groups relf:~: 
electrons through +I inductive effect and the ·table 
pair on the nitrogen atom becomes more avd\biO' 
for the formation of double bond. In a~yl 1 'VerY 
carbamates (3), on the other hand, there ts a f the 
large reduction in the double bond characte~ 0t 0n 
(CN) bond due to electron withdrawing euec ateS 
the phenyl ring. In the present dithiocarbaf aseS 
{2), although - CH1 - of the benzyl group re e the 
electrons through hyperconjugation 1nto 



NOTES 

l'T-electro 
fnducr n system of the phenyl ring, the overall -I 
as in t tve effect of the benzyl group is not significant 
directihe case of phenyl group, because the latter is 
lone Y !lttached to the nitrogen atom carrying a 
chara patr. of electrons. Thus, the double bond 
than .cter m case of these ligands would be higher 
in th;~ !hlekph~ny.ldithiocarbamates and lower than 

ta yldtthiOcarbamates. 
cart!_~o,t the: (CN) bond order in the present dithio­
Bz-iPrN~e; ts)~zMeNCS9 ) BzEtNCS11 ) Bz11 NCS9 ) 

common 11 zfiNCS~~. The Bz group being 
electron.' t~ order can be explained on the basis of 
Et and !C e ects of the other group, viz. H, Bz, Me, 
mate is ~so-Pr. When H of the benzyldithiocarba­
bond ordepl~c~d by benzyl or alkyl group, the (CN) 
tendency err ~creased due to the electron donating 
effects wer~ t e al~yl g~oups. If the electronic 
bond orde purely .mductiVe in nature, the (CN} 
group iuc/ should mcrease as the size of the alkyl 
and Bz· peases. But in case of BzMedtc BzEtdtc 

lSo· rdtc . ' . {CN) bond d a reverse trend 1s observed t.e. the 
meth 1 to . or er decreases as we proceed from 
carbi'mate Isopropyl through ethyl. In the dithio­
Partially d~ ~~ tte alkyl groups are attached to the 
elC~ected to u e ond. nitrogen, hyperconjugatio~ is 
ab1lity C<in bbe ?PeratiVe and the electron releasmg 
position of e •n the order Me ) Et ) iso-Pr. The 
»owever k' Bzg~tc can similarly be explained. 
of the aik •remattc effects due to increasing mass 
be responsfbte~~e~up have also been suggested to 
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this paper the stepwise stability constants of binary 
complexes of DPPmfi at pH 9.0 are reported. At 
pH 9.0 these metals are simultaneously deter­
minable8•8 and hence pH 9.0 is selected for present 
studies. The Yatsimirskii's"• 11 and Lenden's 6 graphi­
cal extrapolation methods were applied with nece­
ssary modification"~ to calculate the values of step­
wise stability constants. The experiments were 
performed at constant temptrature 30± 1•. 

Experimental 

2, 2'-Dipyridyl-2-pyrimidylhydrazone (DPPmH) 
was prepared as described earlier1 • 0.002M rea~ent 
solution in 40% ethanol-water was used. Solutions 
of Fe(II), Co(II), Ni{II), Cu(II) and Cd(II) were 
prepared and standardised as reported in earlier 
communications9 • 8 • 1.0% Ascorbic acid in distilled 
water was used to prevent oxidation of Fe(II). 

Apparatus : Beckman model DU 2 spectro­
photometer with quartz cells of 10 mm light path 
was used for all photometric measurements. An 
ELICO pH-meter with glass and saturated calomel 
electrodes was employed for pH adjustments. All 
measurements were made at 30 ± 1 o using thermostat. 

Procedure : A solution containing a known 
quantity of metal ion (Fe(ll) = 3.0 x w-a M ; Co(II) 
=2.0x w-aM; Ni(II)=S.Ox I0-8 M; Cu(II) 
=l.Ox I0- 11M and Cd{Il)=7.5x I0- 8 M] varying 
quantity of DPPmH solution and 2 ml 1% ascorbic 
acid was adjusted to pH 9.0 in 40% ethanol-water, 
total volume being 25 mi. The absorbances were 
noted at respective wavelengths of maximum 
absorption [580, 460, 430 and 440 nm for Fe(II), 
Co(II}, Ni(II), Cu(II) and Cd(II), respectively] 
against the reagent as a blank. The concentration 
of complex: formed was computed from the appro­
priate calibration curve. 
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') 2'·J)jp 'd Ct YTI -~ •• , elll.ploye/1 ~ PYTI.mtdylhydrazone {DPPmH) was 

determinat' Y Stngh1 for spectrophotometric 
lOn of various transition metals. In 

log K, 
log K 1 

log fl. 

logK 1 
log K 1 
log fJ1 

log K 1 

log K 1 

log fl. 

log K 1 
log K 1 

log tJ. 

log Ka 
logK1 

log flo 

Yatsimirskii's method 
Fe(Il)-DPPmH 

5.34 
4.95 

10.29 
Co(Il)-DPPmH 

4.79 
4.52 
9.81 

Ni(Il)-DPPmH 
5.67 
5.40 

11.07 

Ou(II)-DPPmH 
5.25 
4.97 

10.22 

Cd(II)-DPPmH 
6.26 
5.97 

12.23 

Laden's 
method 

5.08 
4.40 
9.48 

4.78 
4.59 
9.30 

5.70 
5.45 

11.15 

5.16 
4.97 

10.13 

6.30 
6.05 

12.35 

Mole ratio 
method 

10.18 

9.84 

11.61 

10.88 

111.80 
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