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The material was distilled and after a forerun of silylating by- 
products the trimethylsilyl ether was obtained [113-114° (0.9 
mm), 12.9 g, 42%). Redistillation gave the pure ether, bp 
140" (3.5 mm). 

butyl) and tars. The trimer was identified by comparison with 
authentic' in Rf values and in ir spectrum. 

Registry No.-12, 25966-85-2; 13, 25966-86-3; 14, 
Anal. Calcd for C1THaaOlSi: C, 71.2; R, 8.5; mol wt, 236. 25966-87-4; 15, 25966-88-5; 16, 25966-89-6; 17, 

Found: C, 71.0; H, 8.7; mol wt, 243. 25966-90-9; 18, 25966-91-0; 19, 25966-92-1; 20, 
Pyrolysis of 2-Acetoxymethyl-4-tert-butyl-6-methylphenol.-A 25966-93-2 ; 2 1, 25966-94-3 ; 2,8-dimethyl-2-isopropyl- 

6-teyt-butylchromq 25966-95-4; 2-methyl-4-teyt-butyl- for 18 hr under nitrogen. The deep yellow residue was examined 
by thin layer chromatography (silica gel-benzene-hexane) and 6-acetoxymethy1pheny1 trimethylsilyl ether, 25957- 
was found to consist of recovered phenol, the trimer 2 (R = tert- 

sample (loo mg) Of the title was heated at l5O0 

28-2. 
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The azo-hydrazone tautomerism of a series of 4'-subst8ituted 2- and 4-arylazo-1-naphtholsulfonates was studied 
spectrophotometrically in a wide range of protic and aprotic polar solvents with dielectric constants varying 
from 24.3 (ethanol) to 182.4 (HCONHCHa). The effect of solvents on the position of the equilibrium between 
the tautomers does not correlate with bulk solvent properties but depends upon the solvent structure and the 
microscopic environment of the dye in the solvent matrix. For solvent-sensitive dyes, the hydrazone form is 
predominant in those neat solvents capable of forming a three dimensional structure, whereas the azo form is 
favored by neat solvents that form a two dimensional structure or are unstructured. In  binary mixtures of 
water with methanol, ethanol, and tert-butyl alcohol, the shift from hydrazone to azo is most pronounced in the 
predominantly aqueous compositions, tert-butyl alcohol having the greatest effect. At alcohol levels associated 
with reduction of solvent structure, the shift is gradual and nearly independent of the nature of the alcohol. 
Pronounced shifts from hydrazone to  azo also occur in aqueous compositions of DNF- and DMSO-water mix- 
tures. The results are interpreted in terms of selective solvation of the hydrophobic dyes by the organic co- 
solvent within the water structure. The tautomerism becomes progressively less exothermic as organic solvent 
is added to the aqueous binaries. 

A number of spectroscopic methods have established 
that 4-phenylazo-1-naphthols can exist in solution as 
hydroxy azo or as quinone hydrazone tautomers.1-8 
The hydrazone is favored by polar solvents2aJ,* and by 
electron-withdrawing substituents in the phenyl 
ring.2ar5*9 No systematic studies of the tautomerism 
have been made in structured solvents or in solvents of 
high dielectric constants, and no quantitative data are 
available on the effects of solvent dielectric constant or 
of specific solvation on the tautomeric equilibrium. We 
have studied the tautomerism of several water-soluble 
dyes in a number of neat solvents and in binary aqueous 
organic solvent mixtures and find that the equilibrium 
is sensitive to specific solvation and to the hydrogen 
bonded structure of the solvent. 

Results 

The neat solvents studied and their dielectric con- 
stants a t  25" are ethanol (24.3), methanol (32.6), 
N ,  N-dime t hylf ormamide (D MF, 36,7), acetonit'rile 
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(37.5)) dimethyl sulfoxide (DMSO, 46.4), propylene car- 
bonate (65.1), water (78.5), formamide (109.5), and N -  
methylformamide (182.4). 

Structure 2 dyes (X = H, OCHa, C1, SO3-, and CFa) 
give more stable hydrazones than the isomeric struc- 
ture 1 dyes. Whereas the equilibrium concentrations 
of all the 1 dyes except le  can shift with changes in sol- 
vent or solvent composition, the 2 dyes exist predomi- 
nantly as the hydrazones in all solvents studied. The 
order of stability of the hydrazones of the 1 dyes in a 
given solvent is l e  > lb  N IC > la > Id. The hydra- 
zone of le  was the predominant tautomer in all our sol- 
vents and solvent mixtures, whereas the azo form of Id 
was preponderant in all solvents. We estimate that 
aqueous solutions of la contain equal amounts of both 
tautomers a t  25O, with a shift to the azo form in all 
other solvents. Dyes lb  and IC exist as greater than 
95% hydrazone in water a t  25' and as pure azo tauto- 
mers in ethanol, tert-butyl alcohol, and the aprotic di- 
polar solvents. 

The estimation of the predominant tautomer in the 
neat solvents was qualitative and was based on the rela- 
tive preponderance of the two absorption bands. The 
predominance of one tautomer was so great in a given 
solvent with lb  and IC that a qualitative approach was 
sufficient for evaluating solvent properties and for sepa- 
rating solvent types. The only neat solvents in which 
the hydrazones of 1b and IC were predominant were 
water and formamide. These dyes were present almost 
exclusively as the azo tautomers in all the other neat 
solvents, including N-methylformamide. 

There is no correlation of the position of the equilib- 
rium with the dielectric constant of the neat solvent, 
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with the Koeiower "Z" value,l0 or with the fact that a 
solvent is protic or aprotic. The most important fac- 
tor seems to  be the degree and kind of structuring of 
the solvent and the manner in which this structuring in- 
fluences the solvation of the dye. The unique property 
of water and formamide is the capability of these sol- 
vents to  form three dimensional hydrogen-bonded 
regions"-15 with lifetimes in the case of water of the 
order of lo-" sec.13a There is little agreement a t  pres- 
ent on how regular or extensive the structured regions 
are, but it is agreed that in the limit each oxygen atom 
can be nearly tetrahedrally bonded to  four nearest 
neighbor hydrogens. On the other hand, X-ray studies 
indicate that the liquid alcohols associate to give linear, 
two dimensional polymeric structure.16'17 N-Methyl- 
formamide is also believed to exist as linear polymers in 
the liquid state.18 Thus, protic solvents with two di- 
mensional structure have the same effect on the equilib- 
rium as aprotic solvents. The stabilization of a given 
tautomer must be associated with the energetics of 
forming cavities in the various solvent structures and 
with the way in which the solvent molecules order them- 
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Figure 1.-Spectra of Ib in ethanol-water a t  25". Curve num- 
bers (1-5) correspond to x2 = 0, 0.088, 0.175, 0.320, and 0.734 to 
1.00, respectively. 

selves around the dye for minimum energy of the 
system. 

Figure 1 shows the spectral changes accompanying 
the shift in the tautomeric equilibrium of l b  in water- 
ethanol mixtures. Similar changes occur with lb  and 
IC in aqueous binaries with DMSO, DMF, methanol, 
and tert-butyl alcohol. The fact that the position o€ the 
equilibrium can be shifted between the extreme forms 
of l b  and IC made these dyes most valuable for studying 
the effect of solvent on the tautomerism. 

Tautomer ratios were determined in mixtures of water 
with tert-butyl alcohol, ethanol, methanol, DMF, 
DMSO, and N-methylformamide, and in formamide- 
N-methylformamide mixtures. The ratios were calcu- 
lated using eq 1 where the E'S are absorptivities and the 

subscripts refer to pure azo, pure hydrazone, and mix- 
tures of the two. We used the wavelength where the 
hydrazone absorbs (480-500 nm) , because the absorp- 
tivity in this region was less subject to small medium 
effects than was the absorptivity of the azo band. The 
value of EA was determined from absorption curves such 
as curve 5 in Figure 1, after the curve ceased to change 
with further addition of the organic component. 

The absorptivity of the hydrazone bands of lb  and 
IC in water increased on lowering the temperature from 
35 to 10". These curves were replotted on a frequency 
scale and folded through the wavelength of maximum 
absorption to give an isolated symmetric band for each 
temperature. The integrated areas increased 8 and 
4%, respectively, for l b  and IC between 35 and 10" and 
then became independent of temperature. We took this 
to mean that the azo form makes negligible contribution 
to the observed curve at  temperatures below lo", SO 
that EH could be evaluated. The values are 3.32 X lo4 
and 3.18 X lo4 for lb  and IC, respectively. 
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Figure 2.-Semilog plots of KT a t  25" us. mol fraction of alcohol. 
Open data points, [dye] = 2.5 X lov5 M ;  closed points, [dye] = 
2.5 X 10-6 M ;  ., terl-BuOH; 0, EtOH; A, MeOH; A, dye IC; 
B, dye la; C, dye 1 b. 

We assumed that EA and BH were constant in all the 
aqueous organic binaries. Dye 3 exists as the hydra- 
zone in all water-alcohol mixtures. The values of EH 
for this dye deviated from the mean by less than 1.5% 
over the whole range of ethanol-water compositions. 
Dye Id exists as pure azo in ethanol-water at ethanol 
levels above 0.25 mol fraction. The range of absorp- 
tivity values a t  the hydrazone wavelength was only 
twice the experimental error in reading absorbances be- 
tween mol fractions 0.25 and 0.50. Absorptivities 
may not be as constant in aqueous DMF and DMSO. 
I n  these solvent mixtures, there were small changes in 
band shapes and positions, so that the isosbestic points 
were more diffuse than with the water-alcohol mixtures. 
The values of EA for a given dye were the same in DMF, 
DMSO, and ethanol. 

Because the value of EH for la was experimentally 
inaccessible, we used the measured value for lb,  

I I t- I I I I I I 1 
10 20 30 40 50 60 70 80 

Dielectric constant 

Figure 3.-Semilog plots of KT for dye 1b us. solvent dielectric 
constant a t  25" in 0, tert-BuOH; 0, EtOH; A, MeOH. 

assuming the inductive polar effect of the sulfo group 
did not effect EH. Neither extreme form could be ob- 
tained in the formamide-N-methylformamide mixtures. 
We had to assume that EH was the same as the value in 
water a t  lo", and that EA was the same as the value 
measured in DMF. 

Figure 2 shows plots of KT on a semilog scale us. sol- 
vent composition for two concentrations of la-c in 
aqueous tert-butyl alcohol, ethanol, and methanol, 
where the organic component is regarded as the solute. 
The plots show that the greatest shift in the tautomeric 
equilibrium occurs in the predominantly aqueous com- 
positions. The two linear segments of the plots were 
extended to the points of intersection to obtain the 
solvent composition corresponding to the break points. 
The break points occur a t  xz = 0.06-0.07,0.14-0.16, and 
0.24-0.27 in aqueous tert-butyl alcohol, ethanol, and 
methanol, respectively, and are independent of dye 
structure or the position of the equilibrium at  the 
break. The plots show that, on the water side of the 
breaks, the shift in KT depends on the nature of the 
added alcohol, but is nearly independent of the alcohol 
on the alcohol side of the breaks. Plots (not shown) of 
log KT vs. volume fraction of alcohol gave three separate 
curves falling in the same order as those in Figure 2, al- 
though the separation is reduced and the breaks are less 
sharp. This shows that the three alcohols are specific 
in their effects on KT, over and above the differences in 
molecular volume. 

Figure 3 shows a plot of log KT for dye l b  us. solvent 
dielectric constant a t  25" for the aqueous alcohols. The 
plots not only show the lack of correlation of log KT with 
dielectric constant, but also that each alcohol is rather 
specific in its effect. 

Figure 4 shows plots of KT us. x2 for aqueous DMSO, 
DMF, and N-methylformamide and for N-methylfor- 
mamide in formamide. N-Methylformamide is con- 
sidered the solute in formamide. The binary mixture 
of amides was chosen to see whether the addition of one 
amide having two dimensional solvent structure to an 
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Solvent 
EtOH-HB0 

2 2  

0 
0.05 
0.10 
0.15 
0.20 
0.40 

tert-BuOH-HSO 0.02 
0.04 
0.06 
0.10 
0.18 
0.30 

DMF-H20 0.05 
0.10 
0.20 

TABLE I 
EFFECT OF TEMPERATURE ON KT VALUES OF DYE Ib 

- ASo (25’), 
KI  - A H O ,  oal 

15’ 

11.0 
3.59 
0.838 
0.413 
0.127 
5.22 
1.83 
0.712 
0.300 
0.192 
0.087 
2.40 
0.800 
0.193 

amide possessing three dimensional structure would 
have the same effect on KT as the addition of alcohols 
to water. Figure 4 shows that it does not. The effect 
of adding DMF and DMSO to aqueous solutions of lb  is 
similar in magnitude to the effect of added alcohols in 
the predominantly aqueous mixtures. DMF has nearly 
the same effect as tert-butyl alcohol, and DMSO is 
similar in effect to ethanol. The main difference be- 
tween the aqueous solutions of the protic and aprotic 
cosolvents is the presence or absence of a break in the 

Tautomer ratios of lb  were measured at  15, 25, and 
35” in various mixtures of water with ethanol, tert-butyl 
alcohol, and DMF. Table I gives the values of KT and 
the derived standard enthalpies and entropies for the 
conversion of the azo tautomer to the hydrazone. The 
enthalpies were calculated using the Van’t Hoff equa- 
tion. Compositions of the water-alcohol mixtures were 
chosen to give points on either side of the break points 
in the log KT-Q profiles. The conversion from azo to 
hydrazone is; exothermic in each case on the water side 
of the break point, but AH0 becomes less negative as the 
alcohol content increases. On the alcohol side of the 
break point, changing temperature did not alter KT by 
measurable amounts, i.e., AHo 3 0. It is significant 
that  addition of increments of DMF to water also causes 
the conversion to hydrazone to become progressively 
less exothermic. Thus, in all respects there appear to 
be no basic differences between DMF and the alcohols 
in the effect on KT except for the shape of the log 
K T - x ~  profiles. 

Discussion 
The significant findings of this work are (1) the 

most profound shifts in the tautomeric equilibrium occur 
in the predominantly aqueous compositions and are out 
of proportion to changes in the bulk solvent properties; 
(2) the shift is not caused by preferential hydrogen 
bonding solvation by organic cosolvent t o  one of the 
tautomeric pairs, since similar effects are caused by 
protic and aprotic solvents; (3) there is a high correla- 
tion between changes in the three dimensional structure 
of the solvents and the position of the equilibrium. We 
believe that the results can be interpreted in terms of 
selective solvation of the dyes by the organic cosolvents, 
whereby the solute accumulates around the hydro- 

log KT-X2 plots. 

26’ 
15.2 
4.90 
1.68 
0,642 
0.392 
0.128 
4.59 
1.48 
0.518 
0.294 
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1.68 
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0. k30 
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kcal/mol 
14 
13.7 
11.0 
4.1 
1.8 
0 
5.8 
3.9 
3.5 
0.8 
0 
0 
5.2 
3.5 
2.2 

deg-1 mol-1 
40 
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35.9 
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Figure 4.-Semilog plot of KT for dye 1 b a t  25” vs. mol fraction 
of added solvent. A, DMF in H20; 0, DMSO in HzO; 0, 
N-methylformamide in HnO ; V, N-methylformamide in form- 
amide. 

phobic regions of the dye in microscopic concentrations 
that are higher than the concentration in the bulk sol- 
vent. In  our interpretation, the nonpolar moieties of 
the organic cosolvent are oriented toward the hydro- 
phobic portion of the dye, giving a diffuse interface be- 
tween dye and bulk solvent with a polarity that is con- 
siderably lower than that of the bulk solvent. 

In  water, the sulfo group is strongly hydrated through 
hydrogen bonds, giving rise t o  “positive” hydration. l9 
By analogy with the effect of adding small amounts of 
other hydrophobic solutes to water120 it is expected 
that the hydrophobic moiety of the dye would enhance 
the hydrogen bonded structure of the water in its vicin- 
ity relative to that which exists in bulk water. This 
structure formation, which has been designated as 
“negative hydration,”lg is a high energy condition that 
is partly offset by the positive hydration of the ionic 
solubilizing group. It has been estimated that the net 
solvation of the naphthalenesulfonate ion is negative in 
water.19 Since the hydrophobic volume of our dyes is 
even greater, the energy of the systems must be quite 
high so that the balance between positive and negative 
hydration is barely sufficient t o  maintain the dye in 

(19) H. Uedaira and H. Uedaira, Zh. Piz. Khim., 42, 1612 (1968). 
(20) D. N. Glew, H. D. Mak, and N. S. Rath, Chem. Commun., 264 (1968)  
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molecular dispersion. This is reflected in the strong 
tendency of the dyes to  associate into aggregates and to  
be salted out of aqueous electrolyte solutions.21 By our 
model, the energy at  the microscopic dye-water interface 
is decreased by replacement of water molecules by mole- 
cules of organic cosolvents so that there is excess con- 
centration of organic molecules in the interface. Our 
results show that the hydrazone form is stabilized by the 
negative solvation characteristic of the hydrogen 
bonded three dimensional solvent structures, and the 
azo form by the condition where the adjacent environ- 
ment consists of nonpolar alkyl groups. 

The compositions of the water-alcohol mixtures at  
which the breaks in the log K T - x ~  plots occur correspond 
to the compositions where the three dimensional struc- 
ture of the solvent is believed t o  change.1612212a These 
cornpositions are at  about 5, 15, and 30 mol % for tert- 
butyl alcohol, ethanol, and methanol, respectively. 
Thus, the most dramatic shifts in the tautomeric equi- 
librium occur in the predominantly aqueous composi- 
tions where the alcohol is thought t o  promote hydrogen 
bonded solvent structure. This is consistent with the 
view that selective solvation by the organic solute re- 
sults because of the existence of three dimensional 
structure around the dye. In  these compositions, the 
OH group of the alcohol may be incorporated into the 
water structure, with the alkyl group oriented into the 
dye-solvent interface. On the alcohol side of the breaks, 
the typical water structure is destroyed. I n  this region 
the solvation shell is apparently not altered greatly with 
increasing alcohol concentration, perhaps because it is 
already near saturation with respect to alcohol. 

The similarities in the log KT ( A F ) ,  A H ,  and AX 
changes in the aqueous aprotic solvents and the aqueous 
alcohols suggest that similar solute-solvent interactions 
are occurring with changes in solvent composition in all 
cases. Arnett and McKelvey have shown that the 
partial molar heat of solution of sodium tetraphenyl- 
boron shows an endothermic maximum in water-DMSO 
mixtures at  15 mol % DMSO which is similar to  the 
maxima found in water-tert-butyl alcohol and in water- 
ethanol.2a Their finding that aqueous DMSO and 
aqueous ethanol solutions show similar interactions 
with a large solute are in agreement with our results. 
We believe that our results show that aprotic solvents 
accumulate around the hydrophobic moiety of the dye 
in the same way as the alcohols. The absence of 
breaks in the log KT-Q plots may indicate that the 
aprotic solvents do not cause abrupt changes in the 
solvent structure. 

The chaotic state of our understanding of the struc- 
ture of water around hydrophobic solutes precludes any 
description of the hydration shell of our dyes. The de- 
crease in entropy accompanying the conversion of the 
azo tautomer to the hydrazone in water is consistent 
with an increased solvent orientation around the hydra- 
zone. Thermodynamics, however, give no clues as to 
why a structured water environment should stabilize 
one tautomer. It is possible that the nature of the 
dye-water interface permits specific hydrogen bonding 
of a water molecule t o  a heteroatom in the dye in a way 
that stabilizes the hydrazone. Replacement of the 
(21) R. L. Reeves and R. S. Kaiser, J .  Phys. Chem., 7 8 ,  2279 (1969). 
(22) F. Franks, in “Physico-chemical Processes in Mixed Aqueous 

Solvents,” F. Franks, Ed.,  American Elsevier, New York, N. Y . ,  1967, p 50. 
(23) E. M. Amett, ref 22, p 105. 

water environment with the nonpolar environment of 
the organic cosolvent apparently destroys this stabili- 
zation, even when the bulk solvent is still largely aque- 
ous. The fact that  dye 4 also shows the same tauto- 
meric shift in alcohol-water mixtures rules out an in- 
tramolecular hydrogen bond between the -OH and 
-SOa- groups as an important stabilizing factor. 

The fact that KT is sensitive to the solvation changes 
implies that the relative acidities of the protons on the 
OH oxygen and on the IL” nitrogen are also sensitive 
to the same changes. The tautomerization can be 
written in terms of the two dissociations to a common 
anion (eq 2 and 3). The effect of adding alcohols, 

OH 0- 

3 H+ + &s03- (2) 

I I 
N=NAr N=NAr 

I 
n 

KT=[HAI/[AHI= KAH/KHA 

DMF, or DMSO to water is to decrease KAH relative to 
K E A  and to make the NH proton relatively more 
acidic. 

The type of specific solvation we have discussed here 
seems general for other types of ionic dyes that are 
soluble in water and aqueous mixtures of organic sol- 
vents. We have found pronounced spectral and kinetic 
effects from such solvation. It is probable that the 
phenomenon is general for any large organic ion where 
most of the volume of the ion is hydrophobic. 

Experimental Section 
Dyes.-The dyes were prepued in the usual way and were 

recrystallized as the sodium salts from water or ethanol-water. 
Dyes 2b-c were samples used in an earlier study.a4 Final purifi- 
cation of all the dyes except l b  and 2b was accomplished by 
chromatography on Sephadex G-25,26 followed by recrystalliza- 
tion as the potassium salts. Dye l b  was chromatographed on 
polyamide using DMF as eluent. The dihydrate of lb ,  and 
monohydrates of the other dyes were obtained after drying a t  
12OQ under water-pump vacuum. Elemental analyses and 
spectral data are given in Table 11. 

Solvents.-Commercially available “absolute’ ’ ethanol showed 
no absorption between 240 and 300 nm and pas found free of 
impurities by glpc analysis. This solvent and Eastman Grade 
methanol were used without further purification. Eastman 
Grade tert-butyl alcohol was fractionated through a Vigreux 
column and the first and last thirds were discarded. Two sepa- 
rate runs contained 0.29 and 0.31y0 water by Karl Fischer 
analysis. Correction for the water content was made in pre- 
paring the mixtures with water. 

N-Methylformamide and DMF (Emtman Grade) were dis- 
tilled under vacuum at  low temperature and the center third was 
retained. The solvents were stored over Linde 4A molecular 
sieves. Eastman Grade formamide was fractionated twice under 
vacuum through a Vigreux column and a variable take-off still 

(24) R .  L. Reeves, J .  Amer. Chem. Soc., 88, 2240 (1966). 
(25) a. L. Reeves, R. S. Kaiser, and K. T. Finley, J .  Chromalog?., 47, 

217 (1970). 
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TABLE I1 
ANALYTICAL AND SPECTRAL DATA FOR DYES 

Y C a l c d ,  7%- 7-- Found, %- 
Dye C H N C H N Solvent XmlLx (nm) 10-4 c ( M - 1  0 m - 1 ) ~  

la 50.0 3 .4  7 .3  50.4 3 .4  7 .4  HzO 492 1.74 
EtOH 39 0 1.67 

Ib 40.8 2.6 6.0 41.0 2.6 6 .1  HzO 485 2.96 
EtOH 400 1.85 

IC 45.1 2.7 6.2 45.0 2.6 6 . 1  HzO 479 3.06 
EtOH 406 1.78 

Id 51.3 3 . 8  7.0 b 3 .9  6 .9  HzO 458, 400 1.22, 1.15 
720/,EtOH 400 1.86 

l e  44.8 2 .8  9 . 8  b 3.0 9 .7  HzO 493 3.07 
8O%EtOH 493 2.77 

2a 52.2 3.7 7 .6  52.4 3 . 3  7.4 HzO 494 2.10 
EtOH 489 1.62 

3 48.8 3 .3  11.4 49.0 3.5 11.0 HzO 455 4.25 
EtOH 453 4.30 

a 25". Replicate analyses from three microanalytical laboratories on the same sample gave divergent values for % C. 

head. A sizable forerun and residue were discarded each time. 
The final distillate was crystallized twice from the melt. All 
liquid freezing below 2.5' was discarded. The final product froze 
sharply at  2.5' (lit. 2.45-2.51°).26 Samples of formamide that 
were not purified rigorously showed variable results and indicated 
the presence of basic impurities capable of ionizing the OH groups 
of some dyes. 

To 3 kg of DMSO (Matheson Coleman and Bell) was added 
500 ml of benzene which had been dried over 4A molecular 
sieves. The benzene was distilled from the mixture a t  atmo- 
spheric pressure, and the residue was distilled under reduced 
pressure. A center cut [bp 58" (5 mm)] amounting to half the 
total volume was distilled directly into a receiver containing 4A 
molecular sieves. 

Eastman G-cade acetonitrile containing less than O . O l ~ o  water 
was stored over 4A molecular sieves and was used without further 
purification. Eastman Practical Grade propylene carbonate 
wail fractionated twice under reduced pressure. Foreruns and 
residues were discarded. 

The binary mixtures of solvents were prepared by mixing 
weighed amounts of the two solvents. The volume fractions 
of the alcohols in the mixtures with water a t  25" were calculated 
from the partial molal volumes. We used the density data of 
Chapas for methanol-water  mixture^,^' data from the Interna- 
tional Critical Tables for ethanol-water,z8 and the data of 
Nakanishi, Kato, and Maruyama for tert-butyl alcohol-water.~8 

(26) G. R. Leader, J .  Amer. Chem. Soo., 78, 856 (1961). 
(27) G .  Chapibs, {bid., 74, 6275 (1952). 
(28) "International Critical Tables," Vol. 111, McGraw-Hill, New York, 

(29) K .  Nakanishi, N. Kato, and M. Maruyama, J .  Phys. Chen., 71, 
N. Y., 1928, p 116. 

814 (1907). 

Spectral Measurements.-Absorption curves were obtained on 
a Beckman DK-PA recording spectrophotometer a t  dye concen- 
trations of 2.5 x 10-6 M and 2.5 X M. For the higher 
concentrations, individual weighed samples were dissolved 
directly into the solvent and the solutions measured in l-cm cells. 
The lower concentrations were obtained by adding aliquots of a 
stock solution in water to an alcohol-water mixture of known 
composition and density and then correcting for the added water. 
The more dilute solutions were measured in 10-om cells. The 
solutions were thermostated at  the desired temperature in  a 
constant temperature bath. A thermostated cell holder was 
used with the l-cm cells, and all the temperature variations were 
made on the more concentrated dye solutions so that the desired 
temperature could be maintained in the solution while the 
absorption curve was recorded. The thermostated cell block 
could not be used with the 10-cm cells. We made all measure- 
ments in the very dilute solutions by equilibrating the solutions 
at  25" and working rapidly after transferring them to the cells. 

Registry No. -la azo, 26156-91-2; l a  hydrazone, 
26156-92-3; l b  azo, 26156-93-4; l b  hydrazone, 26156- 
94-5; IC azo, 26156-95-6; IC hydrazone, 26156-96-7; 
Id azo, 26156-97-8; Id hydrazone, 26156-98-9; le azo, 
26156-99-0; le hydrazone, 26157-00-6; 2a azo, 669-05- 
6; 2a hydrazone, 26157-02-8; 3 azo, 26157-03-9; 3 
hydrazone, 26 157-04-0. 
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