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TABLE 1 — DIPOLE MOMENTS AND
MoLAR CONCENTRATIONS OF gatiche AND
anti ForMs oF 1,2-DIBROMOETHANE IN
DIFFERENT SOLVENTS

Solvent u(D) pe(D) Xg X AE (kcal
mole™?)
Cyclohexane 0-98 2:94 0112 0-888 1-66
Benzene 1-33 2:94 0-204 0-796 1-23
Toluene 1-00 2:94 0-115 0-885 1-64
o-Xylene 1-00 2:94 0115 0-885 1-64
m-Xylene 1:19 2:94 0-164 0-836 1-39
p-Xylene 1-16 2:94 0-155 0-845 1-43

g = gauche form; ¢ = anti form.

(e )

(IT)

Fig. 1 — Different conformations of 1,2-dibromoethane

dipole moment at any tempertature is given by

= pelxg)?t ...(8)

where x; is the mole fraction and y, the dipole
moment of the gauche form present. If AE is the
energy difference between the anti and gauche forms,
then

xg/xs = 2 exp(—AE[RT) ..-(9)

where x; is the mole fraction of the anti (trans) form.
The velues of x, ¢nd x, were czlculited from Eq.
(8) and AE vclues were cileuleted from Eq. (9).

The velues of x,, 2 and AE for 1,2-dibromoether.e
in cyclohex-ne benzene, toluene, o-xylere, m-xylere,
and p-xylere zre recorded in Tcble 1. _

TFrom T:ble 1, it is evident thet at equilibrium,
anti form predominates over the gawuche form in
these solvents. The energy difference between the
anti and gauche forms is between 1 and 2 keal mole™
in 1l these svstems. The energy difference between
the anti and gauche forms of 1,2-dichloroethane wis
found to be 1-21 keal mole? (ruf. 13). The energy
difference between anii ond gauche forms of 1,2-
dibromoethane in toluene, o-xylene and m-xylene
may tot be ¢bsolute as dipole moments of toluene
(0-33 D), o-xylene (0-52 D) and m-xylene (0-32 D)
might be effecting the dipole moment of 1,2-di-
bromoethane. .

The authors thenk the Hezd of the Chemistry
Department for providing laboratory fecilities and
to the authorities of Khalsa College, Amritsar, for
cooperation.
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Cryoscopic measurements of nine 1:1 electrolytes
have been carried out in tetramethylurea (TMU) in
the concentration range 45-86-9x102 mol kgl A
modified Lewis-Randall equation has been used to
obtain activity coefficients (yi) of these salts. For
comparison between electrolytes, activity coefficients
at 001, 003 and 005 mol Kg! have been computed
from the plots of T, against molality. The results
at 0:05 mol kg'! have also been compared with those
of the same electrolytes in formamide, hexamethyl-
phosphotriamide and water. The lower values of
activity coefficients in TMU than those in the above-
mentioned solvents indicate associated nature of these
salts in TMU.

TUDHES in ron-aqueous solverts cre gainirg
corsiderable ¢ tter tion recentlyl. We have earlier
reported the results of cryoscopic studies in for-

mamide (F)* and hexamethylphosphotriamide
(HMPT)? ¢s solvents. Conductan ce®8, trersference
number® and thermochemicz]l? mersurements in

tetr: methylurea (TMU) have thrown corsiderable
light on the beh: viour of verious sslts in this solvent.
However, cryoscopic studies in this solvent ¢ re not
yet reported. TMU hes a convenient freezirg point
(—1:2° opd a number of clectrolytes :re soluble
in it ¢t this tempercture. It is, therefore, worth
while investigating electrolytic solutiors of TMU
cryoscopically.

Tetre¢ methylurea (Fluke AG) was purified as
reported® (b.p. 76-5°C/12 mm, sp. cord. 2-5X 10-8
ohm™ cm™, dersity 09616 g cm™ and viscosity

*Present  addross: Department  of Chemistry, Panjabi
University, Patiala.



NOTES

TABLE 1-— VARIOUS PARAMETERS FOR
ACTIVITY COEFFICIENTS (y4) OF SOME 1:1 ELECTROLYTES IN
TETRAMETHYLUREA FROM FREEZING POINT DaATA

" AT jjmi/2 Y+
LiCl0,
0-00397 0-040 0-5714 0-88
0-01548 0-155 0-3293 083
0-02418 0-240 0-3172 0-81
0-04243 0415 0-3068 077
0-05717 0555 0-2936 0-75
NaClo,
0-01897 0-190 0-2954 0-88
0-03649 0-360 0-2884 0-84
0-05561 0-545 0-2600 0-82
0-07502 0-730 0-2482 0-81
008408 0-815 0-2469 0-80
NaSCN
0-01299 0-125 0-6868 0-78
0:02686 0-255 0-5534 072
0-04032 0-380 0-4846 069
0-05604 0-520 0-4698 0-65
0-08094 0-740 0-4369 062
KCIO,
0-:00949 0-095 04229 0-86
0:02716 0-265 0-3974 0-80
0-04088 0-395 0-3689 078
0-05555 0-530 0-3657 075
0-07535 0-710 0-3552 072
- KSCN
0-01078 0105 0-6464 0-80
0-02799 0265 0-5571 072
0-03787 0-355 0-5252 0-69
0-06969 0635 0-4822 066
0-08363 0-760 0-4481 0-65
CsCIO,
0-00915 0:090 0-6115 0-82
0-01437 0-140 0-5608 0-78
0:02769 0-265 0-5009 0-73
0-03920 0-370 0-4851 070
007322 0665 0-4806 0-66
NH,CIO,
0-01144 0-110 0-7458 0-78
0-02366 0-220 07120 0-70
0-04064 0-370 0-6349 0-65
0-05985 0-530 0-6206 0-60
0-08688 0-745 0-6064 0-55
MeNCIO,
0-00550 0-055 0-5805 0-88
0-00911 0-090 0-5696 0-84
0-01434 0140 0-5421 0-81
0:02021 0195 0-5350 0-79
0-02449 0-235 0-5171 0-77
Pr,NCIO,
0:00450 0-045 0-6323 0-87
0-00965 0-095 0-5879 0-84
0:01653 0-160 0-5700 0-80
0-02464 0-235 0-5532 077
0-03519 0-330 0-5427 0-63
0-04469 0-415 0-5230 0-62

TABLE 2 — AcTiviTy COEFFICIENTS (Y1) OF SOME
1:1 ELECTROLYTES IN TMU AND OTHER SOLVENTS AT
VARIOUS CONCENTRATIONS

Salt T+
TMU F HMPT H,O0
{m) (0-05m) (0-05m) (0-05m)
0-01 0-03 0-05
LiClO, 087 078 075 0-95 079 085
NaClo, 093 085 082 094 079 082
NaSCN 080 070 066 095 — 0-79%
KCIO, 0-88 079 076 0-94 076 0-85*
KSCN 0-82 0-71 0-68 0-97 072 0-77¢t
CsCl10, 0-83 0-72 0-68 0-93 0-74 —_
NHCIO, 079 068 062 090 062 —
Me,NCIO, 084 076 072 094 072 —
Pr,NCIO, 083 075 070 — — —_

*Values at 002 m.
tValues at 0-01 m at 25°.

1404 x 10-2P). The electrolytes used were prepared
and/or purified by the methods already re-
porteds®. . )

Freezing points of the various electrolytic solutions
for cryoscopic studies were mecsured by the
procedure described earlier2.

The molal freezing point depression constant
(Ky) has been determined using solutions of doubly
distilled aniline (AR, b.p. 184:5°) and triply distilled
cerbon tetrachloride (AR, b.p. 76-8°) of different
corcentratiors. Plots of AT versus m for both
the solutes @re linear and molal freezirg point
depression consterit of TMU ¢s obtained from the
plots® is 5:224 0-02 mol? kg*. ;

Cryoscopic me: surements of lithium, sodivm,
potassium, cesium, ammonium, tetr: methylemmo-
nium ard tetrapropyl¢ mmonium perchlorates 2nd
sodium @nd potassium thiocysnates have been
carried out in the concentration rarge 4-5-86-9x 10-3
mol kgl. The cctivity coefficients (Y+) of these
salts have been obtained s reported®? from the
modified form of Lewis-Rardzll equation* (Eq. 1).

i 2 (" g4
1 Y+ = — 24— — —— 1/2 .1
og Tx e (1)

2:303 m'/?

The plots of j/m!/2 versus m!/2 ere smooth curves
and the integrz1 in the equation h:s been evaluated
by me:suring the aress under the curves within
specific limits. The values of m, AT, j, ml/2 and
Y+ at each concentrztion for <1l the electrolytes
are given in Teble 1.

Table 1 reveels that the ectivity coefficients (Y4 )
for all the electrolytes decrecse with increasing

*Zordon and coworkers!® have determined the enthalpies
of melting (AHm) of TMU to be 3-374+0-02 kcal mol?,
Molal freezing point depression constant (Ky) as calculated
from this value is 5-07 mol! kg. However, in view of the
purity of materials used, and precautions taken during the
experiments to avoid moisture, the present value may be
considered more reliable,
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concentration. Similar ectivity coefficient-concen-
tration dependerce his also been roticed in many
other solvents?. For comparison between the elec-
trolytes, the ¢ ctivity coefficients have been obtained
at molalities 0-01, 0-03 and 0-05 from the plots of
Y+ oagainst m. These values are recorded in
Table 2.

1t is clear from Table 2 that values of T4 of the
electrolytes with common anion (except lithium
and emmonium perchlorates) decre: se with increas-
ing size of the cation. This behaviour is in accord
with the solvating properties of the iors?$ How-
ever, Y, of lithium and ¢mmonium perchlorates
are relatively lower thin expected. Conductance
and thermochemical studies have zlso shown the
¢bnorm:l behaviour of lithium end ammonium
salts in TMU. In HMPT? and F2? clso, Y+ values
of lithium and ¢émmonium salts are low. The be-
haviour of these sclts may be attributed to the
imperfect solvation of lithium ard «mmonium
ions.

Due to the lack of sufficient cryoscopic data, the
general trend cannot be predicted for the electrolytes
with common catiors. However, it is apperent
from Table 2 that Y+ of sodium and potassium
thiocyanates are lower than those of the corres-
ponding perchlorates in contrest to the behaviour
of these salts in F and HMPT. Barker and Carusot
have shown from corductance studies that sodium
thiocyanate is ¢ ssociated where: s sodium perchlorate
is completely dissociated in TMU. The lower ¥+
values of thiocyanates have been expleined to be
due to cssociated nature of thiocyenates in this
solvent.

For the sake of comparison between solvents,
Y, values ¢t 0-05 m have slso been included in
Table 2 for F2, HMPT?® 2nd water's. Table 2
reve:ls that Y. values in TMU ¢ 1e lower then those
in water, F and HMPT (even though the dielectric
constant of TMU and HMPT are nearly equal).
Since conductznce* ard thermochemical studies?
indicate ion-peir formetion in this solvent, low Y.
values obtained in the present studies are in ¢ccord
with the earlier observations.
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The rate of Ag+-catalysed oxidation of organic acids
was found to be significantly higher when Cu?* was
added to the system under otherwise similar condi-
tions. The rate law in the presence of (Ag*+Cu?)
mixture was same as in the presence of Ag+ alone.
The order of [Cei*] was found to be unity and that of
[Ag*] and [organic acid] fractional. Keeping [Ag‘]
and ionic strength (p) constant, an increase in [Cu?*]
did not affect the rate. A mechanism in which the
radicals produced are trapped and oxidized by Cu?*+
has been proposed to explain the results.

N the oxidation of organic substrates by Cet*,

Agt and Cu?* were fourd to be better catalysts
smorg the verious transition metsl ions employed
¢s catalysts™2. It is known thet Cu?* acts es a
good rediccl trap specially when primary and
secondery ¢lkyl redicels ¢re produced in the
system35.  The catalytic effect of (Ag*-Cu?*) mixture
wes found to be decidedly grater then that of Ag*
alone and herce, a detziled kinetic study wes under-
taken to understand the mechanistic espects of
(Ag*+Cu?*) catalysed oxidation of ¢cetic, propionic,
isobutyric ard pive lic zcids.

All the chemiczls used were of AR grade. The
kinetics runs were carried out as described earlier®.
The products of oxidctive decerboxylation of ali-
phatic < cids were identified by spot tests as carbon
dioxide? and corresponding alcohols.

Under psuedo-conditions order with respect to
[Ce**] wes unity ¢s revealed by the linesr plots of
log [;%] vs time (Fig. 1A). The order with res-
pect to [orgenic ¢ cid] end [Ag*] were fractional (Figs.
1B and 1C). Keeping [Ag*]| and ionic strength (u)
cor stent, incre:se in [Cu?*] did pot «ffect the kops
values. However, the ko values in the presence
of (Ag"4Cu?") were much greater than those
obtained in the preser.ce of Ag* 2lone or in uncata-
lysed reection (Table 1) under otherwise similar
conditiors. The resction w:s studied in the tempe-
rature renge 45-60°. The frectional order with
respect to [orgenic ¢cid] indicites that it might
be involved in complex formztion either with Ce**
or Ag*. Spectrel studies in the present work do
rot indicate any complex formetion between Cet*
arnd orgaric ccid, in cornfirmity with our earlier
observetiors®. This ¢s well ¢s the effect of [H*],
[sulphete] a1.d [bisulph: te], which show a similar
trend reported earlier for other substrates, indicate
that neutrsl Ce(SO,), is the reactive species. As
all orgaric acids follow a similar rate law and hence





