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= . Raman Spectroscopic Study of Solvation Structure in
Acetonitrile/Water Mixtures

3
ADRo3
AUTO3 Kuthy L. Rowien' and Joel M. Harris*
RABSgaM ¢ Department of Chemistry, University of Utah. Salt Lake City. U'tah 84112
SEN03 ' Raman spectroscooy is used to probe the CN stretching fre-
g y ot e as & of lon in water.
SENos 1 The CN band is modeied as the sum of two Gaussians. The
SENO9 3 ation d ot area and width fo. each of the
3 G 4 P provides exper | support of an
SENI2 20 equillbrlum between two forms of acetonitrile in solution. In
3 addition the ation depend: of each of the bands
12 correlates well with the ther Y ically reiated Kirk-

SEN1S 13 wood-Buff Integrals (G,). Specifically, both the vibrational
5 band width and G, exhibit maxima near X, c, = 0.3. sug-
.5 gestlve of strong interaction b itril lecules.

SEN18 1 The frequency shifi of the CN band exhibits a linear depen-
12 dence on the dietectri tant of protic

TXTO03

SENOI 3 INTRODUCTION

PAR03

SENO3 There has been considerable effort to define and understand
it the fundamental molecular interactions important i liquid
SEN06 18 chromatography (/-3). Although the solvophobic theorv 1)
- is commoniv invoked to explain retention in reversed-phase
15 liquid chromatographv t1RPLC), recent studies have pointed
SEN0® 22 out shortcomings in this model 13. 4). Using staustical
+  thermoavnamics. Dill (4) has demonstrated that retention in
12 RPLC 15 driven by two classes of interactiors: 1) the dif-
23 terences in chemical interactions of the sojute in each of the
u  phases, which atfect the enthalpy of the system, and (2!
SEN12 4 changes in the entropy ot the system. Studies ot the 1m-
5 portance of chemicai interactions with the soivent have em-
11 ploved such techniques as solute solvatochromism 15, n).
SEN1S  ©  Solvent stationary phase interactions have also received at-
SENIS 4 cention 7. &), It s ciear that the solvent plavs a crucial role
.2 :n establishing the “structure” of the stationarv phase. which.
<EN21 1 unoturn, impacts the nature of solute retention. Recenriv
1 severat studies ot suivent-stationarv phase behavior have
19 emploved environment-sensitive probe moiecuies. such as
SEN24 16 pyrene. agsorbed or immoubilized at the surtace 19). Spec-
! troscopic changes in the probe provide information about the
i1 solute but onlv an indirect measure of surtace characteristics.
SENZ 1 Anaimportant experiment for understanding solute-induced
3 changes in either the solvent-phase structure or the station-
6 ary-phase structure would involve monitoring some charac-
SEN30 12 teristic vt the solvent and . or stationarv phase directlv. The
i mouvation for understanding soivent structure is found in the
12 work recently conducted by Wirth (10. 11), in which the im-
12 portance of shape seiectivity in retention (related to structurai

urder) was demonstrated spectroscopicaliy.

SENOY 1 Acetomtnie tCH,CN) is one of the most widelv used orzanic
12 marhifiers in revereed-phass liguid chromatographv; it also has
0 sigmiicant: application in nonaqueous eiectrochemistrv (/2).
sENog | The Ramau spectrum of CHCN has umique features in re-
.t gtons ot low spectral interference. theretore. Raman spec-
5 troscopv of CHICN is an excellent choice tor a direct probe
ol solvent microenvironment.

SENGY  t The CN stretch in acetonitrile exhibits a rather umque shift
iz to higher frequency wnen hvdrogen honded (7.3} or courdi-

SENos s nated with Lewis acids (I4). On the basis of the analugous
4 situation encountered with carbonvls. in which the CO stretch

© ~hifts to (nuer frequency when hvdrogen hunded (15). vne

% expects that conrdination of the nitrogen ione pair electrons

SEN0® 35 would lengthen ana thus weaken the CN hand. In the case
5 ol carbonyis, © € nucleat magnetic resonance 1 NMR) studies

.t show an apparent reduction 1n electron densitv 1a shift to

.1 luwer tieids) about the carbonvi carbon and presumabiyv an

2 4CCOMPANYING INcrease in electron densitv about oxvgen, as

w1 the concentration ot A hvdrogen bona donor s increased 1/ h)

~ENTZ 0 Nimualarly. NMR stug.es ot CH.CN water mixtures show that
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PAR0OS
.0 the "*N resonance shifts to higher fieids. an apparent increase
SENIS 20 in eiectron aensity about the nitrogen /7). Sadlej and Kecki
5 t18) empioved a modified CNDO methnd to studv the eiec-
4 tronic structure of acetonitrile and its complexes with metal
SENtS 23 cations. Thev attributed the increased force constant of the
0 N bond to a rebvhmdizarinn omwhisk -h 2y g Character of
SEN21 22 the lone pair is increased. Consideration of the parual an-
5 ubonding character of nitrogen's 2p o orbital led to the con-
6 clus.un that the removal of the lone pair electrons enhances
SEN2¢ 26 the CN bond order. The authors observed that the corre-
- sponding restructuring of = electrons would account for the
6 increased eiectron density about N (as measured by NMR).
SEN2? 1 An increase in the force constant of the CN bond readily
i3 accounts tor the observed shift to higher frequencies when
22 CH.CN is hydrogen bonded (13. 19). ’
PARI2
SENO3 ! The liquid structure of CH.CN is also of interest and re-
SENOS 12 mauns unresolved. Strong moiecuiar interactions must account
~  for the high boiling point of CH,CN 182 °C’ as well as the fact
2t that v~y 13 13 ¢cm™ higher in the gas phase than in liquid 120).
SENe® ¢ Fuor comparison. the boiling point of methanol isimiiar density
;1 and molecular weight), which exists as a hvdrogen-bonded
SEN12 19 network in sulution. 1s onlv 64.7 °C. It has been proposed that
- a Llgud-phase antiparailel alienment of two CH.CN molecuies
1s  wouid resul’ 1n a reduced dipole moment. therefore a weaker
SENIS 25 UN bond «2]). This concept is supported by the observation
9 that a sinzie CH,CN molecuie in the gas phase has a dipole
21 moment of 3.92 D. whereas the gaseous dimer has a dipole
SENI18 32 moment of 2.67 D 174). There 1s a large body of work that
10 suggests that CH.CN is partitioned between monomers and
SEN21 18 dimers in soiution vi4. 20. 22). Griffiths (23) indicated that
5 it1s unreasonable to expect a true CH.CN dimer to exist in
18 soiution and that free or unassociated CH.CN is likelv to be
29 10 equihibrium with some undefined seif-associated form of
-EN2¢ - UH.CN. Temperature-dependent studies of CH,CN in a
4 variety of solvents appear to indicate that monomeric or free
3 CH.CN does not exsst 1n solution: rather. CH.CN is orzanized
SENZT 18 as aggregates or lvosely defined clusters 124). Several re-
i searchers nave reported that the CN stretching band of
12 CHLCN in the hquid phase 1s composed of two overiapped
12 Liaussians: a narrow band. attributed to the monomeric or
 tree torm of CH,CN. and a broad band. attributed to some
~EN30 o arzamzed torm ot CH.ON 173,23, 241 Infrared matnix i1so-
s latwon stuates of CH.CN show two resolved bands in the CN
5 stretching region /41
PARIS
SENGY ! In order to emplov CH,CN and Raman spectroscopy as a
12 direct prove of solute, solvent or solvent/stationarv phase
19 tnteractions. it .5 first necessarv to understand the nature of
3 wvibrational perturbations arising from solvent/solvent in-
SEN08 34 teracuons. Here we report a detailed Raman spectroscopic
SENOS 9 studyv of CH.CN in water. Presented in this work is the
3 behavior uf the CN stretching vibration over the entire con-
17 centration range of acetonitrile;water mixtures and an ex-
x4 ploration of the relationships between observed frequency
SEN12 31 shifts and solvent properties. Two groups have recentiv in-
5 vestigated the vibrational spectroscopy of CH,CN/water
12 muxtures (.4, ]9, focusing primarilv on the structural com-
0 posiuon of water: neither group modeied the vibrational band
SENIS 29 structure. This work mathematically models the N
3 stretching band (v as the sum of two Gaussians, whose
13 behavior as a tunction of concentration supports the concept
» ot an equilibrium petween at least two distinct CH.CN spectes
~EN18 1* insolution. Further support ter such an equiiibrium 12 fciind
10 in the strong correlation between the CN frequency shift and
» the dielectric constant of a variety ot hvdrogen-bond donor
29 solvents.
TXTos
SENGY 1 EXPERIMENTAL SECTION
PARis
SENOY | All solvents were spectrochemical or UV ¢rade and were stored
SENOS 12 aer motecular sieses 1 A X U ong Doubly distilled. HPLC
5 grade rmmdulver water was used In ail experiments invoiving
L aater.
PAR2!
<ENO3 ¢ The 314.5-nm iine trom an argon ton iaser tLexel Model 40
~ENOS 13 was emploved as tne exaitation source. Plasma lines trom the

source were etiminated with a combination ot two Peliin Brocha
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prisms +Opuics for Research. ABDU-20) and a variable aperture.
The J0-mW heam was tocused to approximat~iv 30 um at th=
sample ceil. a 0.1- X l-cm glass capiilarv tKimax). Sampie in-
troduction was achieved via a >-mL svringe connected to the
capitilary with 0.8-mm-1.d. Tetlon tubing. All measurements were
conducted at ambient temperature. Lizht from the cell was
cuilected and collimated at 90° from excitation by a //2 camera
lens +Canon. t1 30 mm) and then focused at the entrance slit of
the spectrograph (0.5 m. Spex 1870) with a /3.9 planoconvex lens.
The entrance siit width was 60 tor 30) um n all cases. corre-
~ponding to a spectral bandwidth of 3.6 cm . A colloidal glass
{RG-330. Srhnty high-pass tilter. placed in front of the entrance
«lit, served to remove scattered source light. A 600 grove; mm
graung dispersed the light across a Thomson THF7882CDA
cnarge-coupied device yCCD. Phatometrics). With the long axis
1576 channels) orented in the direction of wavelength dispersion.
a spectral region of approximately B00 cm * was sampled <:-
multaneousiv at approximately | cm '“channel. The CCD con-
troller was iinked to a Mac licx via a general purpose intertace
voard «GPIB. Nauonal Instruments). The interface software.
OMA, was written oy Marshall Long (Yale. Apptied Physics
Departmenti.

For ail spectra presented in this work. a prerlash was used and
the charge trom 483 columns was binned along the slit axis tor
-ignai-to-noise improvement. It has recentlv been reported that
binning 1n this direction can result in artificial band broadening
23). However. we are confident that the asvmmetry tound 1n
the bands reported herein 1s physiochemicai in nature based on
the fact that simiiar band shapes have been ohserved and reported
Sv warkers using monochromator - PMT svstems /3. 23, 24) and
the following studv of charge trapping conducted in this lab. The
effect of _narge trapping on peak parameters was quantitied by
using & = ngle Lorentzian fit to the 214-cm™* band ot CCl,. We
found charge 'rapping to be of concern only at low signal inten-
sities, <70 000 photoelectrons. in which no “pretiash” had been
1sed to unitormiv irradiate the CCD. With the preflash, no band
distortions were observed.

The CH. CN. and CC stretching {requencies 12942, 2249, 9158
cml- (260 in drv CH.CN were used as reterence points for band
position measurements in other solvents. These reterence points
were estaphished prior 1o each set of measurements in a given
region, [o avoid mecnanical backlash errors. the spectrograpn
settings were not varied during any group ot measurements in
a paruicular region. All quantitative measurements were made,
mimmaily. :n triplicate. Concentrations 1M} were caicuiated
taking into account the nomdeal voiume ot mixing for CH.CN
ang water. as tabulated bv Katz et al. 127). Measured band areas
were corracted for refractive index etfects as indicated bv Bauer
vt al. 125y, The correction values vary less than 2% over the
(nvestigated concentration range.

Data processing was conducted on an iBM AT compauble
computer. Uvnversion of binary tiles from the Macintosh disk
operaung svstem to MS-DOS was carned out with the Appie File
Exchange program. Peak modehing to (zaussian functions was
achieved with the program Curvelit {x* minimization) 1n Spec-
traCalc 1Gaiactic industries. V2.1). The spectra could not be
modeled as Lurentzian tunctions.

RESULTS AND DISCUSSION

Acetonitrile in Water. UV Stretch. Figure 1 shows the
(N stretching band te~y) in neat acetonitrile. The frequency
maximum shifts ineariv to higher frequencies as the molar
concentration of CH,CN in water decreases, from 2249 cm™!
in neat CH,CN to 2256 cm * at 1.9 M (a change of 7 £ 1.4
cm{-*. from eight measurements;. [n order to investigate the
pussibility and behavior ot overiapped bands as a function
of concentration, both v~y and w. as labeled in Figure 1. were
modeled by using the Curvefit program in Spectra Calc. «
15 a combinatiun band ansing from the svmmetric bend of CH,
and the CC stretch 1291, Although v, is not part of the CN
stretch. it was inciuded in the model in order to improve the
accuracy of the tit. The best tit 1o the CN hand shape 1s two
uverlapped Gaussians vy and eyt

Band Area. As s observed from Figure 2. the total mea-
sured area tvyy + it 13 [inear with concencration. Figure d
shuws the hehavior of rq and vm as a tunction of concentration.
Assumung that hoth »y and viy are due oniv to the stretching
maode of N . the tact that there are two bands, each

FIG 11009, 3- )

FIG 21006, 7- %)
FIG 3 109, 3- §
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having a unique concentration dependence. 1mpites that
acetonitrie exists in at ieast two distinct forms n solution.
Since both i ana vin are present n pure (drvi CH.CN. netner
of the two (Gaussian components can be attrnibuted to hvdrogen
bonding with water. This mav not be true for low concen-
trations of CH.CN in water. Both components have nearly
equivalent areas from 2 to 8 M CH.CN which. in agreement
with previous observations 120. 24). suggests that strong in-
teractions between CH,CN molecules must prevail even at
low concentrations. Between & and 12 M. the are.. of vy
increases at a rate faster than that of sy, Near 12 M ( Xy ey
= 0.3-0.351 CH,CN, there appears to be a transition between
v and vy At concentrations greater than 15 M (Xry v ~
11,351, vy Decomes the dominant band. The reiationship pe-
tween areas al concentrations greater than 12 M is consistent
with a picture of the liquid in which seif-assoctated CH.CN.
representea by vy, is favored at high concentrations.

Attempts to qua.:tify a particuiar sneces, such as CH.CN
monomer or aimer. using the measured band areas were un-
successtul. Substitution of activity (3 for moianty did .o
improve the situation. However. as Pimentei and McCleilan
132) have pointed out. one would onlv expect a clear. detinable
equiiibrium between. tur exampie. monomer and dimer tn
solution if the dimer were cyclic with no additional sites
available tor interaction. Consideration of the data presented
here and evidence that the methvl group is stronglyv tnvolved
in determining the structure of ligquidd CH.CN (33) lead to the
conciusion that no simple equilibrium between definite
CH,CN species exists in solution.

Bandutidtn. Figure 4 shows the bandwidth tfull width at
haif maximumy as a funcuion of moie traction CH,CN: mole
fraction 1s used in this case. rather than molanty, to taciitate
comparison with thermodsnamic parameters. Note, however.
that the maximum in bandwidth o~curs at the same concen-
tration as the transition observed for band areas (=12 M)

Matteol: and Luciano 1341 recently calculated the values
ot G, fur UH CN water mixtures from the Kirkwood-Butf
INtegrans 5.5

G, =g, - lidrr dr iy

where .. 1s the radial distribution function and r 1s the average
Jistance netween adiacent molecules. (7, is a measure ot the
tendency tor aisstmiiar molecules to :nteract and G, s a
measure ol interaction tendency between like molecules. 7
and G, are related to thermodynamic properties as described
by the following equations

G, =RTKy - v,V,DV 12y
G,=G,+ \V;/iD~ Vi, 3
D=1+xidlna/dxirp t4)

where R, T. Ky. V. . x.. and V' represent the gas constant.
temperature. 1sothermal compressibility coelficient ot the
solution. parual moial volume. activity coelticient. mule
fraction, and the volume per mole of mixture, respectiveiv.
Matteol and Luciano found. for both CH,CN and water. that
f; exhibited a maxnnum near Xeycn = 0.3 (=X ). Such
a maximum implies a strong tendency for like molecules to
assoctate t(;, vs X, decreases monotonicallv for an ideal
mixture). Un the basis of the overall shape ot the G, vs X
curve, the authors divided the solution behavior into three
categories, the maximum serving as the transition belween
solvation and seit-association. At Xey ey < X, the trend
of (7, for water indicated that smail amounts of CH.CN could
sigmiticantly atfect the structure of water. The structure of
CH\CN remains primanly unatfected by smail amounts ot
water. At .\, ey > Xug. the authors noted that the smoath
trend of (5 toward neat UH.CN was suggestive ot direct
interaction between UH,CN molecutes.

The bandwidths ot both vy and vey exhubit a maximum near
Ninwen = 04 The maximum s more pronounced for iy
tself-assnciated CH.CN: thus, the behavior of the handwidth

FIG 4 08 3- £

REQU 1 1¢03.13-200

REQU 2 109.15-i5
JEQU 3 w09 15-104

JEQU 4 1009.13-16s
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mav be more closelv assoctated with CH.CN. CH CN inter-
actions rather than CH.CN; H,0 interactions. Since both the
bandwidths and band areas undergo dramatic transitions at
the concentrations of similar activity for the Kirkwood inte-
grals. there appears to be a relationship between the soivent
structure probed by Raman spectroscopy and the thermo-
dyvnamic properties of the solution. In addition, it is inter-
esting to note that the bandwidth maximum occurs at pre-
visely the point at which the parual molar excess volumes of
CHCN and water are equal 1J6). Kamagawa and Kitagzawa
133, using Raman difference spectroscopv to anaivze the
svmmetric CH streten of CH,CN in water. found that a plot
of homogeneous frequency shift tthe shift attributed to
seif-associated molecules) vs mole Iraction was very similar
to the piot of partiai muiar volume vs mole fraction. The
a .hors aaierpreted Whis as an indication that the frequency
shift was retated to the structure ot the soiution.

Frequencv Shifts. Figure 5 shows the center frequency of
..y and sy vs mole fraction. The measured center trequency
for v\ 15 dominated by vy and theretore exhubits similar
behavior. For the purpose of discussion. we will assume that
an CH.CN Jdimer 1s representauive of self-associated CH-CN.
Thomas ana Thomas-Orville proposed the structure ot an
CH,CN dimer as

RGID AC5Bl1la wl13.12-13)

This structure aiso derives from both neutron diffraction
studies and ab initio calculations as the most energeticatlv
stable CH,CN dimer orientation tor intermolecular distances
less than 5 A 122). According to Pauling 137, due to the laree
dipole moment. the CN bond can posses as much as 21% ionic
character. Bulk solvent etfects, such as dielectric properties,
are therefore expected to piay a key role in determining the
strength of inte. molecular interactions. If self-association
results in a iower UN force constant. through parual can-
weilation of dipole moments—as menuoned in the
Introguction—then the effective solvation of self-associated
CH.CN should resuit in an increase in »~y. Hyvdrogen bondng,
i which the paruailv anubonding ione pair electrons are
removed trom the UN bond. should also resuit in an increase
in vy, Therefore. in the case of protic sotvents, the magnitude
of shift [0 o~y 15 expected to have a complicated dependence
on both svivent dielectric properties and hvdrogen-bond
strength. [t s 'vorth noting that the center trequency ot vy
exhibits a inear dependence on molarity, whereas vy has a
more complicated dependence. The dieiectric constant of
CH,ZCN  water mixtures varies approximateiv linearly with
molarity 1s¥). In addition to dielectric and hydrogen-bond
etfects. there 1s evidence that suggests that hvdrophobic in-
teractions mav aiso piav a role in CH.CN aggregation at high
water concentrations 143, 34).

To test the importance of dielectric etfects. a studv of
CH.CN (X ey = 0037 1.9 M) in a vartetv of protic thv-
drogen-bond donaung) solvents was conducted. Figure &
- hows the frequency shift from 2249 cm (vey; in pure CH.CN)
as a function of dielectric constant. The frequency shift for
CH.CN wouid. of course. be zero but is not shown on the graph
because 1115 not a hvdrogen-bond donor. Note that water (¢
= 73.5) s the onlv solvent tn the figure that has a higher
dielectric constant than CH,CN f¢ = 38.8). The difference
in the magnitude ot shift tor water and its nearest neighbor
1MeUH) 13 significant. The lineantv of the plot as well as the
magnitude of the shift for water indicates a strong dependence
un the dielectric properties of the soivent. Plots of frequency
shift vs (1) dipole moment, 12) refractive index. 13) polariza-
hility (calculated from the Clausius-Mossotti equation). and
14 urientation polanizability 1 A7) (calculated from the Linnert
equation t 1)) were all nunitnear ur uncorrelated. For the
above calculations, 11 was assumed that the buik properties
ot the mixture were equivalent to those ot the soivent. This
assumotion s vand for dilute solutions. as 1s true for Xy -y
= 11037 Althougn buik diefectric properties appear to piav
a primary role 1n determining -, hydrogen bonding must
A0 Lake Piace Recent ab imition calcwiations have sstimated

/ .
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FIG 3 006, 3- 51

FIG 6 016, 3- 4
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the hvdrogen-bond strength of CH.CN water to be approx-
imatelv 4 kcal - mol 147). The OH stretch of water 1s quite
sensitive to dilution with CH,CN, shitting more than 100 cm !
uver the concentrauion range studied. The magnitude of the
shift is charactenistic of hvdrogen-bond donors «.42).

Both the CC and CH stretching modes shift to higher
frequency upon dijution ot CH,CN in water. The slopes of
center frequency vs molarity are U.39 and V.27 for v~c and vey.
respectivelv.

Associatea Spectes. Katz et al. 127) recentiv suggested that
mixtures of MeOH.water. CH,CN, water. and tetrahvdro-
turan { THF) . water should be regarded as ternary soivent
systems. the three comoonents being (ree solvent.ii.e.. nut
associated with water), free water. and a solvent’ water com-
plex. The authors postuiated that deviation from 1deal mixing.
as well as chromatographic anomoiies. could be explained in
terms ot the presence of this third tsolvent water: species.
They mathematicaily modeled the volume of the mixing curve
by assuming that the molar volume of all three components
remained constant over the enure range of compositions.
However. 1t 1s weil documented that the moiar volume of
components in nonideal solutions does indeed varv 142). In
addition. in describing CH,CN. water mixtures as a simple
equilibrium

CH.CN + H,0 = CH,CN/H,0
K. = |CH,CN/H,0),{CH.CN|[H,0] '3

the actictaees of water, CH,CN. and CH,CN/ H,O must be
used to calculate K., Based on the activities reported by
French 131). the equilibnium in eq 3 would resuit 1n an
CH,CN H,0 complex whose activitv remains constant from
0.2 10 0.7 mole fraction CH,CN. The model used by Katz et
al. resuits in a continuously varving associated compiex tas
measured by volume fraction) that exhibits a maximum near
XNiy on =125, Based on the resuits of Matteoh and Luciano
+.34), the minimum 1n the voiume of mixing mayv be due to
ettective “packing” of CH,CN within the water structure
rather than a maximum tn CH,CN, H,0 compiexes. While
IL 15 Intuitivelv sauisiving to consider assoclated species 1n
pinary mixtures. the modei Katz et al. have chosen may not
be an acgurate uescnpllon.

Taking into account both solvent;solvent and solvent. so-
lute species, CH,CN/water mixtures are more thoroughlv
described as having at least six general components: CH.CN_,
CH.CN.(CH.CN,, H,0, CH,CN/H,0. H.O. and (H.0).. As
the concentration s varied. the distribution of interactions
must aiso vary. At low CH,CN concentrations ( X,y cy < 0.3),
due to the strength of attractive forces between CH.CN
molecuies. it is not unreasonable that both free te.g.. CH.CN.
CH,CN H,0) and seif-associated te.g., CH.CN/CH.CN)
CHLCN exist. The stable association of CH,CN molecules
would eventuallv serve to disrupt the water structure. Based
on the observations of Singh and Krueger (/9). in which the
3225-cm | band in water vamishes as CH,CN is increased to
Xy on = .47, the structure of water appears to be dominant
up to Xey ey = 0.3, Bevond that point. both the structure
ot water and of CH.CN approach their least structural form.
The maximum excess entropy of mixing (X, yen - 11350,
rather than the voiume of mixing, s likelv tu be correlated
with the largest degree of association between CH,CN and
water 1see Figure 7 iJI, 4. At CH.CN mole tracuons greater
than 0.35. the structure of CH.CN dominants. This concept
is supported bv the tact that the area of band 1. attributed
to self-associated CH.CN, becomes the dominant factor at
CH.CN mole tractions greater than u.53.

Although there are undoubtedlv a varietv ot etfects that
intluence the degree ot association between CH.CN molecules.
it 15 possible that the dominant driving force for aggregation
progresses trom hvdrophooic to electrostatic as the CH.CN
cuncentration is increased. At high water concentrations. the
dielectric constant of the solution is hizh: therefore, electro-
static interactions are minimized while the tendency tor hy-
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drophobic interactions is maximized. As mentioned above.
the shape of the (5., vs Xy ox curve suggests that tor X, py.on
> 0.3 direct interactions between CH,CN moiecules occurs.
If one defines direct interaction as that which vccurs at 1n-
termolecular separation distances < 5 A. the antiparailel
orientation of two CH.CN molecuies 1 the most stable dimer
121). A dimer. in which the opposite partial charges are
aligned. seems reasonable at high CH,CN concentrations.
High CH.CN concentrations would facilitate stronger elec-
trostatic attraction via decreased average intermolecuiar
distances and a lower dielectric constant.

Chromatograpnic Implications. The presence of a variety
~f CH.CN species in solution would result 1n compiicated
equuiibria for solvation of other solutes. Shifts in the equiibnia.
which occur as the solvent composition is vaned. mav account
fur anomalies in chromatographic retention 144). McCormick
and Karger 1451 have reported the adsorption isotherms tor
MeOH. CH .CN. and THF on a nvdropnobic stationary prase
(C-i3 Both CHL.CN and THF exhibited dramatic maxima
near 30T 1y ex - 125 and T0% v, vy organic modtfier.
respecuvely. For acetomitrie water mixtures. more than twice
as much CH.CN 15 adsorbed to the surface at mobile-phase
composition Xy ey - 025 than at Xy ey - 955 In ac-
cordance with the soivophobic theorv. the authors attnbuted
the decreased adsorptiun of the organic modifier to reduced
Tter eaneenfrotion 1 e SMopiie phat,. et o berng the
driving torce tor removal of organic modtfier from solution.
Hawever. the removal uf crganic moditier from soiution s
unnkelv to ne ariven bv entropy, since 11} the process ol
concentrating soivent solute at the interface 15 accompanied
bv 3 decrease in entropy due to structuring of the alkvi phase
13, 4y and 121 the saivation of CH.CN in water 1s pureiv en-
trupy ariven wsee tigure 7). If hvdrophobic expuision were
exciusiver . responaitie for concentrating CH.CN at the sur-
tace. the process shouid be most tavorable when the enthaipy
1 mung is least favorabie. and such 1s not the case. As shown
in Figure 7. the interaction between UH,CN and water 1s most
endotneruc tleast favorable) at mole fractions much higher
tX. gy = 163} than the observed maximum in the 1sotherm.
These conciusions are in agreement with stidies that suggest
that hvdropnobic exputsiun is not the dominant interaction
in RPLC retenuon (o,

As mentioned previouslv. Katz et al. +27) suggest that
anomalies in soiute retention can be explained in terms of
associatea sulvent species. each ot whicn has unique inter-
actions with the stationarv pnase. As the mobile phase 15
varied. the chemicai characteristics of the stationarv phase
are determined bv the relative concentrations of the individual
~pectes (e g UH.CN.CH.CN, H.0. H.O1. The spectroscopic
evidence presented here. in comunction with thermodvnamic
«onsiderations. supports this proposal. The activity of CH.CN
In water increases drasticailv over the range XNy oy = 0-0.25,
at which puint 1t levels off (31). Based on the area and
bandwidth behavior ot vy and vy, the region of increasing
activity mav be due to changes in the ratio of hvdrogen-bonded
to seif-associated species. The minimai changes \n CH,CN
acuvity at high CH.CN concentrations mav be due to the
tormation ot a stable zelf-associatea CH,CW cuumnpiex. The
maximum in the adgsorption isotherm reported bv McCormick
and Karger (43) corresponds to the transition point 1n activity
and quite ciusely with the transition in CH,CN microenvi-
ronment as reported here.

CONCLUSION

Raman spectroscopy has heen used to quantifv vihrationai
frenuency changes in acetonitriie under hvdrogen-bond con-
ditions. The CN band ot acetonitrile was shown to consist
ot uverlapped (iaussians Il and 1. The hehavior of bands
11 and [l 4s a 1unction ol cuncentration 1n water provides
experimental support tor an equilibnium between CH CN
species 10 solution. U'omparison ol band behavior with the
harkwood-Buff (7 values demonstrates a reiationship hetween
~olute microenviennment and the thermodvnamic properties
«t the sujution  The center trequency of the indivadual bands
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