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Raman Spectra of Aqueous Solutions of Potassium Thiocyanate

By JEN-YVuan CHIEN

Introduction

The Raman spectrum of water, the most con-
spicuous example of molecular association in the
liquid state, has been subjected to numerous
studies, especially on the modification of the main
band between A7 3200-3600 cm.—! at different
temperatures,! by the effect of solutes? and in the
crystalline field.? The presence of ions usually
increases the intensity of Raman scattering,
shifts the maxima and alters the refative intensi-
ties of band components, and is in gencral parailel
to the effect of increased temperature. These
effects have been explained as due to a gradual
change of the water structure, pictured either as a
change in a quasi-lattice arrangement of water
molecules,!® or as a dissociation of water poly-
mers.’* The temperature and solute effects on
water structure have also been studied by X-rav
diffraction,® infrared absorption spectra,® mag-
netic susceptibility measurements,’ and investiga-
tion of the thermodynamic properties of water and
aqueous solutions of electrolytes. Recent calori-
metric measurements’ have shown that the heat
of vaporization of water from concentrated po-
tassium thiocyanate solutions at 30° is about 29,
lower than that from pure water. This indicates
the breaking of hydrogen bonds of liquid water in
the ionic field created by the solute. The Raman
spectrum of potassium thiocyanate in aqueous

(1) () L R. Rao, Proc. Roy. Soc. (London), A148, 489 (1934);
{b) M. Magat, Ann. phys., (11) 6, 108 (1936); (e) P. C. Cross, J.
Burtham and P. A. Leighton, TEIS Jourxaw, 89, 1134 (1937).

(2) () J. H. Hibben, J. Chem. Phys., 8, 166 (1937); (b) P. A.
Leighton and J. Bursham, TE1s JoURNAL, §9, 424 (1937); (¢) Th. G.
Kujumzelis, Z. Physik, 110, 760 (1938).

(3) P. G. v. Nayar, “Raman Jubilee Volume,” p. 419 (1938).

(4) (a) J. Morgan and B. E. Warren, J. Ckem. Phys., 8, 666 (1938);
{b) G. W. Stewart, ibid., T, 869 (1039), 11, 72 (1943).

(5) E. Ganz, Ann. Physik, 28, 445 (1937).

(8) Cf. N. E. Dorsey, "Properties of Qrdinary Water Substance,”
Reinhold Publishing Corp., New Vork, N. Y., 1940, p. 1686.

(7) J. B. Hunter and H. Bliss, Ind. Eng. Chem., 36, 350 (1044).

solution has previously been reported,® but since
no information on the modification of the Raman
band of the water was included the present inves-
tigation was carried out.

Experimental Details

The 4358 A. line of mercury was employed for excitation.
Two experimental arrangements were used, one with six
G.E. H-2 mercury vapor lamps and a horizontal Raman
tube, the other with seven water cooled d. ¢. mercury arcs
and a vertical Raman tube. The arcs® were made of i0-
mm. Pyrex tubing, gave an effective arc length of 97, and
operated at 53-8 amperes at 80-80 volts. The water-cooled
arcs gave lower light output, but relatively less background
and yielded cleaner spectra. The filter solution®® used to
isolate the A 4358 A. line consisted of 4% p-nitrotoluenc
and 1/10,000 crystai violet R B bluish, (Cassella Color
Co.), in 85% ethyli alcohol.

The spectrograph used was-a Steinheil type GH, with
three zlassprismsand /3 195 mm. f.1. collimator and cam-
era lenses. Spectra were taken on Eastman 103J plates,
developed in D19, and thien traced by a photoelectric
microdensitometer. An iron arc comparison spectrum was
takenn on each plate and traced alongside the Raman
spectrum. Displacements of peaks on the tracing were
measured to within 0.03 mm. by means of a special com-
parator constructed by Mr. L. K. Henke, laboratory chief
mechanician, and frequencies were determined by linear
interpolation of the wave numbers of the two nearest iron
lines. Rayleigh scattering of the mercury A4916 or MO078
A, line was used for correction of any laterzal displacement
between the Raman and comparison spectra occurring
either during picture taking or during tracing. All wave
numbers were reduced to those in' vacuum by means of
Kayser’s tabie.ll .

Solutions were prepared from reagent potassium thio-
cyanate and conductivity water. Controlled exposures
ranging from two minutes to two hours were used, at a

(8) (a) A. Dadieu and K. W. F. Kohlrausch, Monatsk., §6, 400
(1930). (b} P. Krishnamurti, Ind. J. Phys., §, 663 (1930). (c)
A. Langseth, J. R, Nicisen and J. U. Sorensen, Z. physik. Chem., B217,
102 (1934). (d) J. Goubeau and Q. Gott, Ber., 73, 127 (1940).

(9) The author is indebted to Dr. Paul Bender and Messcs.
Philip Lyons aod Paul Reinker for the development of the arcs used
in this work.

(10) B. Uribe-Vergara, Thests, University of Wisconsin, 1945.

(11) H. Kayser, "Tabelle der Schwingurgszahlen,” Edwards
Bros., Amn Arber, Michigan, lithographic reprint. 1944.
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slit width of 0.06 mm. (For the iron are comparison spec-
tra, 2 slit width of 0.025 mm. was used.)
Resuilts and Discussion )
The experimental results are summarized in
Table I.
TaBLE 1
RamaN FREQUENCIES oF WATER AND Potassium THIiO-

CYANATE SOLUTIONS

Solution
Mole

ratio
KSCN: Molal- Te

mp., Raman frequencies
H:0 ity °C. o] (8CN) -
Pure water 12 1649 3202 (40)° 3409 (60)
Pure water 25 - .. 3223 (37) 3428 (83)
Pure water 85 .. 2254 (30) 3445 (70)
1:40 1.4 25 .. 3241 (35) 3440 (65) 750 20689
1:15 3.7 25 1645 3260 (32) 3450 (68) 746 2069
1:G 9.3 25 1633 3272 (25) 3460 (75) 751 2069
1:3 18.5 25 .. 3200 (19) 3452 (8r) 735 2069
1:3 18.5 12 1625 .. 3452 745 2087
1:3 18.5 ., 85 1624 3472 745 2067

¢ The numbers in parentheses indicate the relative in-
tensities of the two components of the main water band.

The frequencies of the band components were
determined by graphical resolution of the band,
assuming symmetrical configurations, from the
tracings shown in Fig. 1. The spectra employed
for the frequency determinations were so chosen
that the main water band had been satisfactorily
exposed, and was of approximately equal density
for all the solutions. This permits a more legiti-
mate comparison of both frequency shifts and
band shapes for differeént solutions, as Cross, ef
al.,'* have pointed out that the apparent band
maxima shift with length of exposure, especially
when overexposed.

The accuracy of the frequencies of the band
components is estimated at 10 cm.™, due to the
extreme broadness of the band and the arbitrari-
ness of resolution. The frequencies for the thio-
cyanate ion, except one, are in good agreement
with those given in the literature,® and tabulated
in Table II.

TaBLe IT
RAMAN FREQUENCIES FOR THE THIOCYANATE IoN

Observers Year Frequencies cm. ™31
Dadieu and Kohlrausch 1930 750 2067
Krishnamurti 1930 747 2050
Langseth, Niclsen and Sorensen 1934 750 706 2066
Goubeau and Gott 19040 747 2066

For the Raman frequencies of liquid water, con-
siderable differences of opinion have been re-
corded in the literature, especially with regard to
frequencies below 1000 cm.=%.2? " In Fig. 1 there
is & suggestion of a band in the 130 em. ! region,
but its origin is questionable since it was not ob-
served with NHg 4047 A. excitation. In the 450
cm.~ region humps on tracings of highly exposed
plates are regularly observed due to scattering in
the spectrograph and halation caused by the ex-
citing line. (Even slight halation is enough to

{12) I. R. Rao and P, Koteswaram. Phil. Mag., 28, 90:(1938).

RAMAN SPECTRA OF AQUEOUS SOLUTIONS OF POTASSIUM THIOCYANATE
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Ay, cm, "t

Water
KS8CN soln,
1am  ”
3.TM hr/\——J "
9.3M Jb\J\J/ .
18.50 JL“LJJ’\
Loviv bbby

4000 3000 2000 1000 0
Fig. 1.—Raman spectra of water and aqueous solutions of
potassium thiocyanate.

bring out the inevitable continuous background
from the light source.) The broad 1650 cm.~? band
is quite definite, while the 3600 cm.~! component
of the main band is not apparent even at 85°.
The presence of the dissolved potassium thio-
Cyanate greatly enhances the intensity of the
Raman scattering. The 1650 cmi.—? band is dis-
placed toward lower frequencies with increasing
concentration; as reported by Kujumzelis® it
may be as low as 1625 em. ! in iodide solutions.
The main band is shifted toward higher frequen-
cies with the 3200 cm.—! component greatly sup-
pressed, so that the band has a sharp ard sym-
metrical appearance for. concentrated solutions.
The frequency shift of both components shows an
increase with increasing salt concentration up to a
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concentration of 1:6, and thereafter a clight de-
crease.  Similar behavior has been observed in
solutions of zine chloride®® and hydrogen chloride.!?

If the relative intensity of the two components
of the band can be taken as a measure of the ex-
tent of inter-molecular association in water, then
water in a 3.7 A solution of potassium thiocyanate
at 25° has a structural temperature around G0°,
and in a 9.3 Af solution over 100°. This striking
effect of potassium ion and thiocyanate ion on
the structure of water is in conformity with the
low hydration of both jons and the resulting
fur extending ion-fields, as discussed by Ulich.t

(13} L. Ochs, J. Guéron and M. Magat, J. phys. radium. (8) 1,
83 (1940).
(14) H. Ulich, Angew. Cherr., 49, 270 (1036},

JEX-Yvax Cimex
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Acknowledgment.—The author wishes to ex-
press his thanks to the China Institute in America,
New York, for a scholarship covering the period
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out.

Summary

The Ramen spectra of aqueous solutions of
potassium thiogvanate and of pure water at
various concentrations and temperatures have
been described. The resulis show a great in-
crease in the structural temperature of water in
potassium thiocyanate solutions caused by the
perturbing ionic field created by the solute,

AManison, WIscoNsIN RECEIVED JUNE 20, 1018
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Photoelectric Intensity Measurements of Raman Spectra

JEx-Yuaxy CHIEN AND PAuL BexDER
Depertment of Physiccl Chemistry, Universily of Wisconsin, Madison, Wisconsin
(Received February 17, 1947)

An instrument for the direct photoelectric recording of Raman spectra of liquids is described
together with the results obrained for CCL, CHCl;, CH.Cl., and CsHe. The precision of the
results was tested by eignt recorded spectrograms of CHCl:. The intensity ratios of anti-Stokes
to Stokes lines were found to be in good agreement with theoretical values. Approximate
values of the change of tke bond polarizabilicty of the C—Cl bond in CCl, and the C—H bond
in CsHs caused by valence vibrations are calculated from the inrensity data.

INTRODUCTION

UANTITATIVE data on the relative inten-

sities and polarization states of Raman
lines are scanty and for the most part unsatis-
factory in accuracy because of experimental
difficulties and the inadequate theoretical treat-
ment. Since the classical work of Placzek little
progress was made in the field until recently,
when Wolkenstein,! advanced for the calculation
of intensities and polarization states for vibra-
tional lines a semi-empirical theory which has
vielded values in fair agreement with experi-
mental results. Additional experimental data of
improved accuracy are, however, essential to
progress in this field.

The use of the photo-multiplier tube in the
measurement of Raman line intensities and
depolarization factors was introeduced by Rank
and his associates.”* All previous experiments,
except one with a photon counter,* emploved a
photographic photometric technique which is
tedious and not very accurate because of the
logarithmic character of emulsion response, fluc-
tuations in background on the densitometric
tracing caused by the granularity of the emul-
sion, fluctuations of the standard light source
during emulsion calibration exposures, and local
variations of the sensitivity and the degree of
development of the photographic plate. Accord-

1 M. Wolkenstein and M. Eliashevich, Acta Phvsico-
chimica (URSS) 20, 525 (1945).

*D. H: Rank, R. J. Pfister, and P. O. Coleman, ]. Opt.
Soc. Am. 32, 390 (1942).

3D. H. Rank, R. ]. Phster, and H. H. Grimm, J. Opt.
Soc. Am. 33, 31 (1943).

‘D. H. Rank, and R. V. Wiegand, J. Opt. Soc. Am. 36,
325 (1946).
(1;:;\/5'.) Kudrjawzewa, Acta Physico-chimica (URSS) 3, 613

ing to Reitz,* the precision artained by the
photographic method in careful experiments on
Raman spectra is about =14 perceat. The ex-
perimental problem can be greatly simplified by
the application of the photcelectric technique
provided due care is taken to reduce fluctuations
in the dark current to insignificance. The use of
the photo-multiplier tube” is required by the
extremely low level of light intensity encountered
in Raman work; the linearity of its response is
well established, partcularly at low levels of
iilumination, and the only calibration required is
its spectral sensitivity. The present work is a
preliminary report on relative intensity measure-
ments on the Raman spectra of CCl,, CHCi;,
CH.Cls, and CsHs with a ninc-stage photo-
multiplier and d.c. amplifier system.

EXPERTIMENTAL DETAILS
Photo-Multiplier and Power Supply

An RCA 1P21 photo-multiplier tube with base
removed was mounted inside a glass jar ficted
with a side arm carrying a glass window, in front
of which was mounted a fixed slit of width 0.1
mm. Some dehydrite was placed inside the jar
to minimize surface leakage. At room tempera-
ture the tube was found to have a dark current
of the order of 10~® ampere at an accelerating
voltage of 110 volts on the dynodes; since the
dark current is due mainly to thermionic
emission, cooling with solid carbon dioxide was
resorted to with a resultant reduction in dark
current to 107" ampere. The mean fluctuation
observed in the dark current was 3 percent

¢ A, W. Reitz, Zeits. {. physik. Chemie B38, 275 (1937),
(1974](5)A. Rajchman and R. L. Snyder, Electronics 13, 20
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377 INTENSITY OF
with peak fluctnations amounting to =20 per-
cent. A heating coil was provided near the end
of the side arm to prevent condensation of
moisture on the window.

Since the secondary emission phenomenon
depends mainly on the energyv of the primary
electrons, the output dark current and the over-
all amplification vary markedly with the accelera-
ting voltage on the dvanodes as shown in Fig. 1.
It is apparent that the voltage supply must be
held constant within 0.2 percent or better if 1
percent accuracy in the intensity measurement
is to be possible. A special power supply was
constructed for this purpose using the degenera-
tive regulator circuit shown in Fig. 2. The ocutput
voltage was found to be constant within 0.1
percent for line voltage fluctuations {rom 100 to
120 volts, and the voltage supplied to the dvnodes
mayv be continuously varied by adjustment of

Ry

d.c. Amplifier and Recording Device

Since the lowest current to be measured was
of the order of 10-'! ampere, a d.c. amplifier
employing standard radio tubes was adequate.
Two RCA-38 tubes operating at reduced filament
temperature were used in the balanced circuit
shown in Fig. 3. The bias of the active tube was

RAMAN

SPECTRA

—
o
N

-

(=

Relative amplification

w
Inunk curcent, 10710 anipene

N

I
0 . 0
20 100 110 120
Accelerating voitage on dynodes

Fic. 1. Relative amplification and dark current at various
accelerating voitages on dynodes.

set at —1.20 volt, where the grid current is less
than 2X10~** ampere, and the bias of the
balancing tube was adjusted so that a change in
plate voltage supply from 20 to 30 volts would
not produce a disturbance in the plate current
balance greater than 0.1 microampere. Degenera-
tion was emploved to improve Mlnearity of
response. The output of the amplifier was fed
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F16. 2. Circuit of the photo-multiplier power supply.

R1 250 ohm

2 30000 ohm
R3-R10 25000 ohm
R1t 7000 ohm
R12 10000 ohm
R13 8000 ohm

R1a 0.5 megohm

R15 5.0 megohm

R16 0.1 megohm

C1-C3 2 mf 2000 v

CH 300 H, 7.5-ma choke
AMA 0-£0-ma meter
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FiG. 3. Circuit for the d.c. amplifer.
R1 100 megnhm R17 3 ohm
Rl 10 megohm Ris 5000 onm:
K3 1 megohm R19, R20 1509 ohm
R4 0.5 megohm R21
R35 ¢.! megohm Cl
R6 50000 ohm 2, C3 150 v
R?, Rs 1000 ohm 1 tant voltageftransiormer
RO-R11 800 ohm T2 nt trangformaer
R12 10 ohm M roammeter
R13, A1+ 50000 enm S universal shunt
R15 100 nhrm G recording galvanometer
R16 10000 o

through a 0-30 microammeter for direct indica-
tion to a short period galvanometer used at
reduced sensitivity. Deflections of the galva-
nometer light beamn at a distance of one meter
were recorded photographically, and the com-
plete system was calibrated against input volt-
ages supplied by a potentiometer circuit. The
response was found to be linear within one
percent.

The output current from the photo-multipiier
was fed into the amplifier by coaxial cable; the
tubes and the input circuit were shielded in a
desiccated metal box. Six input resistors were
provided for varving the gain of the amplifier,
which is 10+ at 100 megohm input redistance, and
were selected to make convenient the change
from measurement of intensity of Raman to
Rayleigh scattering. A 0.01 mf shunt capacitor

was introduced to integrate out the high fre-
quency fluctuations in the photo-multipiier tube
anode current. The amplifier was found to be
very stable with practicallv no drift after
warm-up period of about 20 minutes.

a

Experimental Lay-Out

The HgA4358A line from six G.E. H-2
mercury vapor lamps was emploved for excita-
tion. The filter solution and spectrograph used
have been described previously.® An entrance
slit of width 0.1 mm was employed. The re-
frigerated photo-multiplier tube was mounted on
a carriage constructed by Mr. L. K. Henke,
laboratory chief mechanician, and scanned the
focal plane of the camera lens at a speed of 1

2 J. Y. Chien, J. Am. Chem. Soc. 69, 20 (1947).
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mm,min. The recording photographic plate or
paper was moved at the rate of 5 mm ‘min.
When the position of the exciting line was
reached, as indicated by the inicroanuneter, the
gain of the amplifier was reduced manually to a
lower range. The gain of the photo-multiplier was
adjusted for each sample under investigation by
selecting the proper accelerating voltage on the
dvnodes so that strong Raman lines gave a
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INTENSITY OF RAMAN

SPECTRA

deflection of ca 100 mm on the recording plate.
An accelerating voltage of 113 volts per stage or
lower is preferable as it results in lower dark
current and less Huctuations.

EXPERIMENTAL RESULTS

Several recorded Raman spectrograms of
CCl;, CHCl;, CHCl,, and C;H, were made as

shown in Fig. 4, and the average results for peak
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F16. 4. Recorded Raman spectrograms of CClis CHCl;, CH1Cl,, and CeHe.



