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trazoline-5-thione (2a, R,=allyl}'? (334 mg, 83%, based on
1-methyltetrazoline-5-thicne) and of 1-methyl-5-allyithio-
tetrazole (3a, R,=allyD'? (54 mg, 13%) as oils.

Method B. To a solution of allyl bromide (1.56g, 12.9
mmol) in dry propienitrite (15 m{) is added potassium iodide
(2.07g, 12.9 mmol), 1-methyltetrazoline-5-thione (1¢) (300
mg, 2.58 mmol), and trimethylsilyl iodide (51.6 mg, 0.25
mmol). The reaction mixture is heated at reflux for 13 h after
which it is cooled to room temperature and concentrated.
The same workup procedure followed by purification as de-
scribed in the preceding procedure furnished 1-meth-
yl-4-allyltetrazoline-5-thione (242 mg, 60%) and of
1-methyl-5-allylthiotetrazole (121 mg, 30%} as oils.

Method C. To a mixture of 1-methyltetrazoline-5-thi-
one (300 mg, 2.58 mmo)) in allyl bromide (1.56¢, 12.91 mmol)
is added trimethylsilyl iodide (51.6 mg, 0.25 mmol}. The mix-
ture was heated at 85-90°C for 4 h after which it is conled to
room temperature. The same workup procedure followed by
purification as described in the procedure A afforded
1-methyl-4-allyltetrazoline-5-thione (314 mg, 78%) and
1-methyl-5-allylthiotetrazole (62 mg, 15%} as oils.
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The Measurement of Transfer Enthalpy in Mixed Solvent (Part I).
Enthalpies of Solution of Aniline, Pyridine and Benzylamine in the
Isodielectric Binary Mixtures of Methanol with Acetonitrile, Nitrobenzene
and Nitromethane

Ikchoon Lee, Chul Hyun Kang, Bon-Su Lee, and Hal Whang Lee

Department of Chemistyy, Inka University, Inchon 402 - 751 Korea. Recetved fuly 25, 1990

Enthalpies of solution of aniline, pyridine and benzylamine in iso-dielectric mixtures of methanol with acetonitrile (AN), ni-
trobenzene (NB) and nitromethane {(NM) have been measured calorimetrically. The solute-solvent interaction was analyzed
using a model developed by Waghomne ¢f ¢l. and found that the relatively weak base, aniline, tended to behave anomalously,
especially in the NB and NM binary systems by forming bidentate hydrogen bonds between the two -NH; hydrogens and the
two ~NO, oxygens. Pyridine and benzylamine were found to be preferentially solvated by methanol in all the binary mix-

tures.

Introduction

Thermodynamics of solvation of organic non-electrolytes
has attracted considerable interest in the elucidation of
organic reaction mechanism. Information on the variation of
the transition state(TS}) structure with solvent changes can
be obtained from the enthalpies of solution of reactants in a

series of solvent together with the enthalpies of activation.'™

Recently® we have been interested in the solvent effects
on the mechanisme of Sy2 type reactions, especially involv-
ing with isodielectric binary solvent systems of methanoi-
acetonitrile(MeOH-AN), methanol-nitrobenzene {(MeOH-
NB} and methanol-nitromethane (MeOH-NM) binary sys-
tems. In a previous work,® we reported on the relative partial
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Table 1. Heats of Solution, (A7 ﬁs’ (kJ-mol-1), of Amines (A= An, Py and Ba) in Binaries Mixed Solvents at 25.0 °C.

MeOH MeOH~AN MeOH-NM MeOH-NB
vivi An Py Ba An Py Ba An Py Ba
100 -2.54 -3.98 -11.31 -2.54 -3.98 -11.51 -2.54 -3.98 -11.51
(-4.06)7
(-3.96)4
90 -2.7% -4.19 -11.64 -2.04 -4.70 -12.25 =217 -4.59 -11.67
80 -2.66 -4.21 -12.14 -1.52 -5.14 ~12.79 -1.83 -5.19 -12.33
70 -2.56 -4.27 -12.29 -1.04 -3.75 -13.17 -1.57 -5.76 -12.56
50 -2.16 -4.21 -12.60 ~(0.29 -6,18 -13.45 -0.94 -6.63 -12.92
30 -1.68 -3.86 -12.15 0.31 -5.70 -14.25 -0.79 -7.50 -13.91
10 -0.76 -1.62 -7.74 1.54 -5.14 ~12.20 0.21 -743 -14.24
3 -0.41 -0.27 -4.29 - - - 0.59 -6.64 -12.57
0 0.11 1.67 1.83 3.27 1.99 2.14 1.95 0.39 1.12
1.64)y
2Reference 8, ? Reference Y.
6r r
$
Xmeon 1.0 & 05 Xmeon
3
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Figure 1. a) Plots of heats of solution of aniline (4 f\(n-s } versus MeOH mole fraction (Xy.op) in binary mixtures (aMeOH-AN: aMeOH-
NM: a MeOH-NB) at 25.0°C. b) Plots of heats of solution of pyridine (AH’E.YS] versis MeOH mole fraction (Xpeon) in binary mixtures
(OMeQH-AN: @ MeOH-NM; ® MeOH-NB) at 25.0°C. ¢) Plots of heats of solution of benzylamine (AHE, o versus MeOH mole fraction
(Xpteon) in binary mixtures {(CMeOH-AN; @ MeOH-NM:; & MeOH-NB} at 25.0°C,

molal enthalpies of component solvents, 4/t and
AHpyon. in these binary mixtures. We found that these bin-
ary systems exhibit non-regular behavior with deviation from
the regularity increasing in the order MeOH-AN<MeOH-
NB <MeOH-NM.

In this work, we have determined calorimetrically heats
of solution of three neutral bases, aniline, pyridine and ben-
zylamine, in the three isodielectric binary systems and
transfer enthalpies of these bases are discussed in terms of
specific and non—specific solute-solvent interactions.’

Experimental

Materials. Solvents were purified by standard methods
as described previously.® Aniline(Aldrich, ACS grade) was
treated with HC! and the salt solution was extracted with
ethyl ether. After treating with a base, aniline was dried over
KOH and distilled under reduced pressure. Pyridine (Tedia,

ACS grade) was dried over KOH and distilled from mole-
cular sieve {Linde type 5A). Benzylamine (Fluka, puriss) was
used without further purification. G.l.c analyses indicated
reagents purifities of over 99.8 mole%.

Calorimetric Measurements. Heats of solution were
measured as described previously® using LKB-2277
TAM(Sweden, twin isoperibol calorimeter) at 25.0+2x
107*°C. Final concentrations of neutral bases were
1.2x1072~2.1x 1072 mol dm™ and all calorimetric mea-
surements were carried out more than three times with
variation in the base concentration under no stirring condi-
tion. The measured heats of solution were within +2% of the
average value reported.

Results and Discussion

The enthalpies of solution ( AHg). determined are sum-
marized in Table 1. and graphically presented in Figure .
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Table 2. Solvatochromic Parameters, Hydrogen Bond Acidity a.
Hydrogen Bond Basicity 8. Dipolarity x,* and Cohesive Energy
Density 832/100, for Solvents7.18

Solvent a; 3 ns Sy too
Methanol (MeOH) 0.93 (.62 0.60 2.032
Acetonitrile (AN} 0.19 0.37 0.75 1.378
Nitrobenzene (NB) 0.0 0.30 1.01 1.222
Nitromethane (NM) 0.22 0.25 0.85 1.585

The enthalpies of solution of pyridine in MeOH, (4 4/, meomr
and in acetonitrile, ( Aff3,.5),n. agree quite well with those
of the literature values.®® The enthalpies of solution of the
three neutral bases, M =aniline (An), pyridine (Py) and
benzylamine {Ba), are all positive in pure cosolvents
({ A11%5)cs>0 for CS=AN, NB and NM), but are negative in
pure methanol ({4 Hy9meon<0). the exothermicity being
proportional to the basmtles of base!® (K, values are 4.60,
5.17 and 9.35 for aniline," pyridine!? and benzylamine'? in
water at 25.0°C, respectively). We note that aniline (Figure
1a) exhibits somewhat different behawor from the other two
(Figures 1b and 1c) in variations of (AHED v Xyeon:
Reference to Figure 1a reveals that in the cosolvent rich
region (X yeon<0.5) the (4459 values are positive in the
MeQH-NM and MeOH-NB systems whereas they are nega-
tive in the MeOH- AN system. Upon entry of aniline into the
pure cosolvents, two processes will compete: endoergic cavi-
ty formation’ and exoergic solute-solvent hydrogen-bond
interaction.'* Since the former will be in the order of
cohesive energy dnesity, §52/100,'® and the latter could be
either in the order of the solvent hydrogen bond acidity, a . or
the hydrogen bond basicity, &, scale’ in Table 2, our
observed order of (A#%,.9, NM>NB>AN, suggests that
the cosolvent hydrogen—hond basicity ( #)) is more important
in determining the { 8#/%,.9)cs values. This means that the
aniline-cosolvent interaction is of the form (la} or (Ib) rather
than (1), which is reasonable since the bidentate forms of

oL O Ot

R=Clly or Cells B=solvent {base)
{3 (Ib) (I

H-bonding, (1), will be stronger than single H-bond formed
with weak H-bond acidity (a)) bases, especially for NB this
form, (II), is not possible. Since in the cosolvent rich region
the relatively weak aniline-cosolvent interaction will be
gradually replaced by the more exoergic aniline-MeOH in-
teraction, which will be of the type 11, all the three ( AH%5)
15 Xpeo Curves show nearly parallel downward drifts. In the
MeOH rich region (Xp.qu>9.75), however, the two curves
for the NM and NB binaries almost coalesce while the AN
binary curve diverges from these two. In this region, the
polymer chain structure of MeOH will be further broken by
the entry of aniline in addition to the already broken chain by
the cosolvent molecules. Since the chain breaking by NM
and NB will be less efficient due to the low g, values,
scavenging less amount of (OH), . groups of MeOH,'*#" than
by AN the aniline-MeOH interaction should be less favored
in the NM and NB binary systems than in the AN binary

thchoon L.ee ef al.

system. In other words, there will be more free NM and NB
molecules available together with relatively extensive MeOH
polymer chain in the NM and NB binary systems, whereas
more AN will be bound to MeOH and hence relatively less
extensive MeOH polymer chain will be present in the AN
binary system. Thus the entry of aniline requires additional
chain breaking (endoergic) in the former binary systems (NB
and NM) in forming hydrogen-bond complex between ani-
line and MeOH (exoergic) and there will be relatively exten-
sive hydrogen bond formation between aniline and cosolvent
(NM or NB) of the type (Ib) which is less exoergic than that of
the aniline=-MeOH complex, (1), while the reverse situation
will hold in the latter binary (AN} system, i.e.. relatively
more extensive aniline-MeOH complex, (11). will be formed
than the aniline-AN type complex, (la). As a result, the AN
curve exhibits continuous downward drift with a small
minimum indicating further endoergic MeOH-chain break-
ing requried by the solute in the nearly pure MeOH solvent,
whereas the less exoergic NM and NB (475, curves
level off at ~Xpeon=1.5 and then rapidly drift downward as
the binary mixtures approach to Xyeou=1.0.

On the other hand, the enthalples of solution of pyridine,
{4li%,s, and benzylamine, {Al1}, 9. exhibit entirely dif-
ferent behavior (Figures 1b and lc). In pure cosolvents, the
(AH%,9 values are more positive in the order NB<
AN(N M. Since pyridine has no acidic hydrogen in addition
to the greater basicity, only the type (I1) hydrogen bond will
be possible; we note in Table 2 that the hydrogen bond acidi-
ty, a. of the cosolvents is small and the endoergic (4 HX Py <)
values expected from the type (II) H-bonding will be in a
reverse order of the observed one. Thus we can rationalize
the order of (8 1% bys) in pure cosolvents only with endoergic
cavity formation term as represented by the solvent cohe-
sive energy density. #,2/100, in Table 2.

The enthalpies of solution of benzylamine, (4 i Bas)-
the three binary mixtures {(Figure 1c) behave similarly mth
those of pyridine (Figure 1b), the main difference being the
stronger solute-solvent interaction due to the stronger
basicity of benzylamine. Thus the well depths for benzy}
amine in the three binary systems are deeper than those for
pyridine but their order is kept the same for the rwo solutes

We have subjected the heats of solution, ( A//%,;9,
Table 1 to the type of model analysis developed by Wag
horne ef «l.21'*? with some modifications.

In this model, a solute, M, occupies a cavity in which »
solvent molecules form its nearest neighbours, and on
average N solvent molecules which are further away from
the nearest neighbours are affected giving rise to an increase
in enthalpy -7 aA4{* and - N BA H* respectively, where ais
the fraction of the molar enthalpy of solvent-solvent bon-
ding, Aff*, associated with the broken bond and g the
average proportionality constant for the different modified
bonds. The solute, M, interacts with the modified solvent, A
resulting in an enthalpy change of (4,9 ,.

We can arrive at an expression, (1), for the enthalpy of
solution of a solute. M. in a binary solvent AB, (4/1§;9,5 in
which mole fractions x4 of A and x,,, of B are solvating
M(See Appendix for the derivation).

(AHYs) a5 =%us (AH4s) s+ Zua (AHds) p— (a1, +8 N,

AHMX) — (a na+ B Ne) AHS (X) (1)
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(AHis) s
aH) —%(AH;S)A N
ws) 58— (AHA;S)A_(nn; +8 )
++AN;)AH
fomitfl) (a) Xya =4 AH@)

XMA
Figure 2. Plots of (81{Xyq}4p t~ 1nsn demonstrating the signifi-
cance of eq. (3}

where (AH3,d, and (AHSJy are the enthalpies of solution
of solute M in pure solvents A and B respectively.
Assuming that

Anslany HANL )= (an,+B Ny

2)
Xun (a n; +£N;)=(a nB+ﬁNB) (

equation (1) can be modified into
(AHEs) 4s=Xuas ({8Hys) 4~ (any+A Ny AHY (X))
+ Xes((AHYs) s~ (ans +8N; YAHR (X)) (3)
The twe guantities in brackets on the right side of eq. (3)
represent partial molal enthalpies of solute M in A and H, and
can be obtained as intercepts of a tangential line at ¥y,,=a in

Figure 2.
[ntroducing a preferential solvation fractor p. we obtain

X, PXs

=X 5K, T TR AR, “”

Substituting egs. (4) into {3) we get

X —_ X}\ ° _ ° o
(AHus) as= Xa"'p_Xa ((AHs) (any +8N,; YAHY 9.4}

pXs

+m[(AHJs]a- (any+8N; YAHF (X)) (5)

Differentiating eq. (3) with respect to X4 we obtain

(a(ans]nn)z (AHs) 2= (AHgs) s~ (a?ti +8N;)

AH* (X) + (ans +8N; ) AHE (X) {6)

At Xyq=X,=1. 811%=0 and we get

3 (AHus as
x4

( }X‘-lz (AHI:S)A'- (AH;S)B
+ (ans +B8N;)AHR (X,=1) (T}

Likewise at Xy, = X,=0, AH =0 and we get
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Table 3. Summary of the Best Fitting Values for p, {and +8NJ)
and (ang+8ND

Solute Solvent P {ani+ANY (enp+BNB)
Aniline MeOH-AN 1.0 0.70 1.0
(An) MeOH-NB 0.95 2.6 -1.4
MeOH-NM .96 2.0 -0.50
Pyridine MeOH-AN 0.58 2.6 2.1
(Py) MeOH-NB 0.37 2.7 9.1
MeOH-NM 0.16 1.0 13
Benzylamine MeOH-AN 015 1.2 12
(Ba) MeOH-NB 0.12 1.7 18
MeOH~-NM 011 1.5 20

3 (AH,
QAETusdiny = (AHG) (= (aHs)s
oA

- {an; +8N;)AHY (X,=0) 18)

S x, SN VS
nee T X +p(1-X))’
Ous _ ? ©)
8X,1 (Xﬂ'*-p(l-xd}]’
and hence
3Xya _ O Xua _l
(aX‘}x,ﬂ—P and (_SX_,“‘:'_ ? a9
Using these relations,
28Hi ) 2WBHE)w 2Ky,
Sxua X, Axwa !
_ B8@AHi)m 1
- ( aX‘ )XA-I p (ll}
Likewise
3 (AHI:S) AB — el (ﬁH:s) AB
( axﬂa }X‘-.-— ( 8X, )Il,‘-ll > p (12)

We can estimate the slope of tangential lines at X ,= 1 and
o 3 (AHys) 3 (AH;
Kaw0 ie, QL) | g GEe,
from Figures 1a~1c, and substitution of the values into egs.
{(11) and {12) will give us the yuantities on the left side of egs.
(6) and (7) in terms of an unknown factor p.
At the extremum point X,

a H A
(-—(Aa—-ﬁl—n)n-xp=0= (AHs) a— {(AHgs) s
Xua

- (a”;+ﬁN: )AH:‘ (X4=Xe)
+ (@nz+8 N;) AHE (Xa=Xe) (13

With equations (7), (8), (11), {12) and (13), we can determine
three unknowns, p, (en’, + 8A%)and (any +8 N% using
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Figure 3. Plots Of(dﬂfﬁ)}w for Af= aniline (&), pyridine {<>) and
benzylamine {Q) against mole fraction of MeUH for MeQH-AN
( —). MeOH-NM {~-} and MeOH-NB (—-). Points and curves
represent experimental and calculated data.

experimentally observed values of (A/#,9,. (41f)p and
ANXX).P

The results are summarized in Table 3. Using these three
determined values, we have back calculated the (4 £1%,4) 4
values from eq. (5). The agreement between the observed
and calculated values were very good with correlation coeffi-
cients between 0.997 and 0.999. The maximum deviation
was 0.4 kJ-mol™! and average deviation was (.1 kJ-mol™’.
The observed {full line} and calculated (points} values are
compared in Figure 3.

We note in Table 3 that the values determined reflect
quite reasonable trends of solvation phenomena in the binary
system for the three nitrogen bases. Aniline being a weak
base, preferential solvation of MeOH (p<1} is not so con-
spicuous compared to the other two nitrogen bases, pyridine
and benzylamine. Methanol is shown to be more and more
preferentially solvated as the basicity of the base increases
from aniline to benzylamine. Furthermore the preferential
solvatiorf of methanol is seen to be enhanced as the hydro-
gen bond basicity (g) of the cosolvent decreases from
acetonitrile (g,=0.37) to nitromethane (8,= (.25} (Table 2).
This suggests that the solute base competes with the cosol-
vent for the methanolic hydrogen and the hydrogen bond aci-
dities (a)) of the cosolvents are so low that the cosolvent acts
as a very poor hydrogen bond donor compared with MeOH.

Large cosolvent structure breaking is also noted in T'able
3 with large (enf; + 8NV}) factor for the two strong bases,
pyridine and benzylamine; this is in line with large endoergic
cavity formation energy for the cosclvents. It is interesting to
find that for aniline the cosolvents NB and NM are structure
forming, (an} + §N3)<0; this may be due to relatively ex-
tensive hydrogen bond formation between aniline and cosol-
vent (NM or NB) of the type (Ib).

fhehoon {.ee et al.
Conclusions

Three nitrogen bases, aniline, pyridine and benzylamine,
are preferentially solvated by methanol especiaily when the
basicity of the hase is greater and the hydrogen bond basicity
of the cosolvent is weaker.

The enthalpies of solution of the bases in the methanol
binary mixtures with the cosolvents, acetonitrile, nitroben-
zene and nitromethane can be accounted for satistactorily by
the two state model developed by Waghorne «f «/,
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Appendix.
Derivation of eq. (1).
The model adeopted is in general the same as that of

Waghorne ¢ «.*"%, but we introduced slightly different
notations and some modifications.

(411594 : heat of solution of a solute, M, in pure A.

(A1),  netsolvation enthalpy of a solute, M, in pure A.

4 . number of molecules of A formaed by breaking
solvent-solvent bonds for cavity formation in
pure A.

aan ¢ fraction of the molar enthalpy of solvent-sol-
vent bonding (/7%,,} associated with the broken
bonds in pure A.

Noa : average number of non-nearest neighbour
molecules of 4 that are affected by a solute in
pure A.

844 : average proportionality constant for the dif-
ferent modified bonds in pure A.

T34 : molar enthalpy of solvent-solvent bonding in
pure A

i%5(X)  : molar enthanlpy of solvent (4)-solvent (£) bon-

ding in a binary mixture A8 with a mole frac-
tion X of A.

Other notations have obvious meanings.
For pure A,

(AH) o= (AHy) o= (aiamia +80NL He  (AD
Similarly for pure B,
(AHis) o= (AH) 5 — (@satss+B 5sNio) Hie  (A2)
[n a binary mixture A B of a mole fraction X of 4,
(AHNs) 2= (AHS) « = (@asttant BaaNas) Hit (X0
= (@asMan+t BusNus) Hip (X) + (8HE) »
= (@ sottz+ BosNos) oo (X) (A3)
= (@t BoslNoa) Hp s (X)

Let vy 4 (=1-xp,) be a mole fraction of A solvating solute A,
then

(AH:) A= Xpa (AH;) 4
(AH:) 2=2Xus (AHY) 5

(A4)
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Substitution of eqs. (A1), (A2) and (A4) into (A3) gives,
(B His) a6=5us ((AHis) 4+ (@ 3ania+B IaNE) L)
= (@aaPaatB aalNas) Hia (X)
= (o 45745+ 8 a5 Nas} Hug (X) +Xus [ (AHus) 5
+ (a5 2tap+B 3N5s) Hia)
~ (@ spp5+BsNag) Hos (X)

— {asa ”aa‘f‘ﬂsaNm)ﬁn (X) (A5}

This equation can be simplified with the following assump-
tions,

xMAN;.q =NAA+NJB= N,
(A6)
xstm; N53+N3‘ NB
KuaPaa=Nast Nap=1#,
. (AT
XusMps =Npst Nsa™=Np
T =Qs=0,; =@
Bix=Bir=B., =B (A8)
{AH)s) 16=Xus (AHYs) 4t Xus (AHys) s
- (G”M‘F,&Nu) {HAA (X) *‘ﬁ:a]
— (a%as+8 Nas} (Hys (X) - Hi)
- (G”Ba+a8Nas} [Hss (X) - ﬁ;n]
- (a HM"‘BNM} [ﬁu (X] 'E;s] (Ag)
We now introduce the following approximations.
NAB s _
N.JM Nas Xa D{— [( HAE{X') ]/RT}
X, — X
=22 exp e (X) - B, CON)/RT) =257
(AIU)
where  py=exp {[‘I—{” (X) - gu (X}))/RTY (All)
- X,
Tht
© Ne=ginx™
X (Al12)
_ DaXs
M=% o Xa
n e,
M Xt peXe
Al3
o hke (B9
T Xyt peXa
I X
Likewise  Nyz= prary Xto.X. ———=N;
(Al4)
NM=—M~‘—-N3

Xot+ 02X,
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X5

B Xt DX ,
Al5)

DX

XX,

New eq. (AY) can be simplified into (A16).

(BH) 16=Xun (AHS) o Xup (AHuS ) 5
- (eny2+BN) {X +P9Xn[HM (X) - H,%)
+f—fﬁ[ﬁ,,{x> -0
~ (any+8 Ny} X, + o X,,[H" (X - Hey)
o (0 - i) (AL6)
Substitution of f#p,, X,,[H“ FI,;]+£%[FIM
(X) - H3)=AH (X) and Xif - X‘[Hu (X)-Ha)+
X_ffﬁ (T, (X) - Hip) = AHE (X) into (AL6) leads to

eqy. (1) in the text.

10.

1L

12.

13.
14.

. A. ]. Parker, Chem. Rev.,
. E. M. Arnett, W. G. Bentrude, J. J. Burke, and P. M.

References
69, 1 (1969).

Duggleby, J. Amer. Chem. Soc.. 87, 1541 (1965).

. M. H. Abraham, Prog. Phys. Org Chem., 11, 1 (1974).
. C. Reichardt, *Solvent Effects in Organic Chemistry”,

Verlag Chemie, Weinheim, New York, Chap. 5, 1979,

. L. Lee, D. D. Sung, T. 8. Uhm and Z. H. Ryu. /. Chem.

Soc., Perkin Trans, 2, 1697 (1989).

5. 1. Lee, C. H. Kang, B-S. Lee and H. W, Lee, J Chem.

Soc., Favaday Trans., 86, 1477 (1990).

I, A. Koppel and V. A. Palm, “ Advances in Linear Free
Energy Relationships”, N. B. Champman and J. Shorter
Ed.. Plenum Press, New York, Chap. 5 1472

Y. Kondo, M. Ogasa and S. Kusabayashi. /. Chem. Soc.
Perhin Trans. 2, 2003 (1984).

C. H. Rochester and J. A. Waters, J. Chem. Soc.. Faraday
Trans. 1, T8, 631 (1982).

E. M. Arnett, *'Proton Transfer Reactions™. E. Caldin
and V. Gold Ed., Chapman and Hall, London, Chap. 3,
1975.

E. M. Arnett, Prog. Phvs. Org. Chem., 1, 223 {1963).

J. A. Dean, ‘‘Handbook of Organic Chemistry”, 13th
ed., McGraw-Hill, New York, 1987, Section 5.

J. L. Rivail and D. Rinaldi, Chem. Phys., 18, 233 (1976).
J. E. Gordon, “The Organic Chemistry of Electrolyte
Solutions”’, Wiley, New York, Chap. 2, 1975.

. ]. H. Hildebrand and R. L. Scott, ‘““The Solubility of

Nonelectrolytes”, Reinhold, New York, Chap. 3, 1950.



552 Budl. Korean Chem. Soc.. Vol. 11. No. 6. 1990

16. M. J. Kamlet, J. L. M. Abboud and R. W. Taft, Prog.
Phys. Org. Chem., 13, 485 (1981).

17. M. H. Abraham, R. M. Doherty, M. J. Kamlet. J. M
Harris, and R. W. Taft. J. Chem. Soc., Perkin Trans. 2,
913 (1987).

18. M. H. Abraham, P. L. Grelliers, A. Nasehzadeh and R.
A. C. Walker, J. Chem. Soc.. Perkin Trams. 2, 1717
(1988).

Joon Woo Park et al

19. M. C. R. Symons, Acc. Chem. Res., 14, 179 (1981).

20. H. L. Robbins and M. C. R. Symons, J. Chen. Sec.. Fara
day Trans. 1, 81, 2131 (1985).

21. E. de Vatera, D. Feakins and W. E. Waghorne, /. Chent.
Soc., Furaday Trans. 1, 79, 1061 (1983).

22. B. G. Cox and W. E. Waghome, f. Chem. Soc., Faraday
Trans. 1, 80, 1267 (1984).

Luminescence Quenching of Tris(2,2/-bipyridine) Ruthenium(II)
Complex by Viologens in Anionic Micellar and Polyelectrolyte Solutions:
Variation with Alkyl Chain of Viologens

Joon Woo Park*, Mi Yeon Suk,and Byung-Tae Ahn

Department of Chemistry, Ewha Womans University, Seoud 120~ 750. Received Angust 10, 1990

Luminescence guenching reactions of photeexcited tris(2,2'-bipyridine)rutheniumn (I} complex cation. Ru(bpy);?*. by
dialkylviologens (dimethy), dioctyl. dibenzyl, methyloctyl, methyldodecyl, and methylbenzyl) were studied in sodium dodecyl
sulfate (SDS), polv(styrenesulfonate) (PSS), and poly (vinylsulfonate} (PVS) solutions. The relative guenching rate varies
widely with the microheterogeneous media employed: the highest quenching rate is observed for methyldodecylviologen in
homogeneous aqueous medium, dibenzylviologen in SDS and PVS solutions, and dimethylviologen in PSS solution; the
lowest rate is found for dimethylviologen in homogeneous medium and SDS solution, methyldedecylviologen in PSS and

PVS solutions. These results were interpreted in terms ot reduction potential of viologens, affinity of Ru(bpy)y

2* and

viologens to the microparticles, and the structures of the viologen-colloid complexes.

Introduction

Micelles, polyelectrolytes, and other microheterogeneous
systems are increasingly used to control physico - chemical
properties and reaction kinetics of substrates.'” Photosen-
sitized electron-transfer reactions in microheterogeneous
media have been an active research area with goal of achiey-
ing efficient solar energy conversion systems and, more re-
cently, with emphasis on using the photoredox systems as
probes for microheterogeneous environments.?® Tris-
(2.2'-bipyridine)ruthenium (I (Ru(bpy),>*/4,4'-bipyridi-
nium salts (viologens) photoredox couple has been recogniz-
ed as one of the most promising systems for the former pur-
pose.2®6 Much of works have been carried out with dimeth-
ylviologen (1,1'~dimethyl-4,4’~bipyridinium). The photoin-
duced electron-transfer reaction between Ru(bpy),”" and
viologens are usually followed by the luminescence guen-
ching of the photosensitizer by the electron acceptors. The
presence of anionic micelles and polyelectrolytes remarkably
enhances the rate of the quenching reactions.” This was at-
tributed to the condensation of the reacting pair in the poten-
tial field of the anionic micelles and polyanions by the
coulombic interaction.

Viologens, especially those with long alkyl chain, interact
with microphase particles by hydrophobic interaction as well
as coulombic force. It was demonstrated that use of dialk-
ylviologens with long alkyl chains results in enhanced quan-
tum yield in Ru{ll) complex photosensitized reduction of the
viologens in micelle.? reversed micelle® and water-in-oil mi-

croemulsion,'® due to the stabilization of the photoproducts
against the recombination reaction involving back ~ electron
transfer. Electron spin echo modulation (ESEM) spectro-
scopy’! and ESR'2 studies on the dialkylviologens in sodium
dodecy! sulfate (SDS} micelle and dihexadecyl phosphate
(DHP) vesicle revealed that the degree of embedment of
viologen in the microphase particles depends on the alkyl
chain length of the viologens. This lead to the variation of
quenching rate with the alkyl chain of viclogens in the micro-
heterogeneous systems.'® The reduction potential of
viologen varies with alkyl chain." and changes upon the
presence of microphase particles such as micelles and vesi-
cles." !5 Anjonic polyelectrolytes interact with Ru{ll) com-
plex cation and viologens and affect the photochemical elec-
tron - transfer reaction between them in similar fashion to
the anionic micelles.'® Thus the dependence of the rate of the
quenching reaction on the alkyl chains of viologens are also
expected in polyelectrolyte solutions.

In our laboratory, we have undertaken a series of studies
on interactions of dimethylviologen and its reduced catio-
nicradical with SDS,'” Ru(Il) photosensitizers with anionic
surfactants’® and on kinetics of the quenching of luminescence
from photoexcited Ru(bpy),"* by cationic quenchers in-
cluding dimethylviologen.'® In this paper, we report the
results of the kinetic studies for electron-transfer quenching
reactions of Ru(bpy)y’® by various symmetric and asym-
metric viologens 1-6 in SDS micellar, and poly{styrenesul-
fonate) (PSS) and poly(vinylsulfonate) (PVS) polyelectrolyte
solutions. We discuss the influence of alkyl chain of the violo-



