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INFLUENCE OF TEMPERATURE ON THE INTENSITIES OF
RAMAN LINES DUE TO SOME ORGANIC LIQUIDS
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(Received for publication, Oclober o6, 197,)

ABSTRACT Tl intensities of a few Raman lines of henzyl aleohol, henzyl amine and
henzoyl chiloride at the room temperature and at Ingher temperatures, o few degrees helow
the boiling points of the nuids, have been measured quantitatisely, using the method of
photographic speetiophotondtry, Tt Lias heen observed that in ihe case of the lines 010, 594
and 100y of hensyl aleohol and of the hoe ooy of henzoyl ehidoride, the intensities inerease
with the incrcase of lemperature in acenrdance with the predictions of the poluisability
theory I the case of thie Raman lines of Lirger frequeney-shifts the mtensities are abserved
to remain alnrost constanl with the Jnercase iu the temperature of the liguids as fudicated

by the said theory,

INTRODUCTTON

It is well known that according to the theory put forward by Placzek (19;31)
the inteusity oi (he Raman lines of frequencies v—1r, should increase with the
pepyy N =TI By (1)
Several attempts have been made to test the correctness of these predictions of

temperature in accordance with the relation I

the theory besides those regarding the ratio of the intensities of the Stokes and
anti-Stokes Raman lines,  Before this theory was published, Landsherg and
Mandelstam (1930) had investigated the intensitics of Raman line 465 of quartz

at tewmperatures 22°C

and 537°C. They observed that the intensity at the
higher temperatare was 1.29 times that at the lower temperature. The same
problem was also studied qualitatively by Ney (1931) who reported that the
influence of the increase of temperature on the intensities of the Raman lines
of quartz was different for different Raman lines, so that the relative intensities
of the Raman lines on the Stokes side were observed to change with the increase
of temperature of thecrystal. The microphotometric curves of the spectrogram
reproduced by Ney show that the line 405 of quartz shifts to 5% and its intensity
diminishes considerably at the higher temperature, Careful examination of
the records, lhowever, also shows that this line becomes much broader at the
higher temperature than at the lower temperature.  Ornstein and Went (1935),
besides measuring the ratio of the intensities of Stokes and anti-Stokes Ruman
lines, also investigated quantitatively the changes in the intensities of the lines
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127 and 1635 of quartz with the change of temperature of the crystal from 90°K
to 420"K, and of the lines 153, 282, 714 and 1088 of calcite with the change
of tenuperature from 293" K to 426°K.  They observed that in the case of both
the Raman lines of quartz mentioned above thie intensity  diminished with  the
mmercose of temperature, aud the same effect was observed also in the case of
the three lines 155, 282 and 714 of calcite, while the intensity of the line 1oS8
remained constant with the change of temperature. It has not been mentioned
by these authors, however, whether they mcasured the integrated intensity or
the peak intensity. It has been pointed out above that the miicrophotometric
records reproduced by Ney indicate a broadening of the line 465 at the higher
temperature.  Henee the intensity is smaller at the higher temperature than at
the lower temperature il the peak intensily is considercd, but if the integrated
intensity were taken into consideration the conclusion would probably be different,
at least for this line.

The same problem was investigated in the case of some crystals more
reeently by Venkateswarlu (rg41).  He first studied the intensitics of the Raman
lines jos of quartz, 1005 of sodium nitrate and 314 of mercuric chloride at
different temperatures and observed in cach case a diminution in intensity with
the increase of temperatuie up to about jo3"K. e mentioned that the width
of "the lines did not increase with the increase in temperature and hence only
the peak iutensitics were measured.  In a later paper Venkateswarlu (1942)
reported the results of similar mvestigations in the case of caleite.  1n this case
also the intensities of the Raman lines 155, 280, 710 and 1085 of caleite were
observed to diminish with the increase of temperature from 3og” K up to 403°K.
It has been mentioned by him that the lines were of same width at the lower
and higher temperatures and so only the peak intensities were measured.  If,
however, the spectrogram reproduced by him be examined carcfully it is found
that the Time 280 of calcite becomes appreciably broader at higher temperatures.
Besides this, the intensitics of the Rayleigh lines also appear to diminish at the
higher temperatures almost in the same ratio as those of the Raman lines mentioned
above. If this be not duc to any systematic diminution of the intensity of the
incident light at higher temperatures, it is difficult to understand how the
intensity of the Rayleigh scattering diminishes with the increase of temperature,
because experimentally it has been obscerved by Landsberg and Mandelstam (1930)
that in the case of quartz the intensity of the Rayleigh scattering is proportional
to the absolute temperature of the crystal.

T'he validity of relation (1) in the case of liquids was first tested by Anantha-
krishnan (1935) who investigajed the intensities of the Raman lines of CCl,
at temperatures ranging from 25°C to 200°C.  He observed that the integrated
intensity of the Stokes Raman lines of CCI, does not increase with the increase
of temperature. He has aiso discussed various other changes, e.g., broadening,
and change of fiequency of the Raman lines which are observed with the
increase of temperature as well as the difficultics which are experienced in
making the experimental conditions identical at both high and low temperatures.
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Besides the difficulties mentioned by Ananthuakrishnan, c.g., the widening of
the lines, the change of refractive index of the Hyguid causing a chanye in the
imtensity of the incident light, and the expansion of the liquid, there 1s another
difficulty not mentioned by him, namely, the birefringence of the window of
the tube containing the liquid caused by high pressures developed when the
liquid is heated much above its boiling point in the closed tube,  The present
investigation was undertaken with the object of testing the validity of 1elation (1)
given by Pluczek in the case of a few aromatic liguids having high boiling
points so that no high pressure could be developed inside the tube comtaining
them. Some of the other sources of error have also been taken into account
as will e evident from the discussions of the results.

EXTPTERIMENTAL

The liquids chosen for the present investigation are benzyl alcohel, benzyl-
amine and benzoyl chloride.  These were obtained from Kahlhanm's scaled bottles.
They were distilled in vacuumn before use. The experimental tube had a planc
window and its other end was bent into the form of a horn terminating in a
bulb to hold the mcrcased volume of liquid at the higher temperature. A
narrow {ube was joined to the bulb and after the tube was filled with the distilled
liquid upto a level below the bottom of the bulb, the tube was evacuated and a
constriction in the parrow tube was scaled off.  ‘I'he hieater consisted of u few
coils of nichrome wire enclosed between two coaxial brass cylinders, insulated by
ashbestos and a window was lelt open parallel to the length of the cylinder.
This gap was closed by a transparent thin sheet of mica.  The tube was thrust
into the heater through ome of its month and the scaticred light was observed
through the other mouth, the open regions of which were closed with asbestos
packing. light from a horizontal Heraus type mercury are condensed by a
five-inch glass condenser was used as the incident light which passed through
the mica window. The arc was started hefore the commencement of the
expostre and was allowed to run at a stretch undisturbed  throughout the
exposure for both the hot and the cold liqguid.  As the room was closed on all
sides, 1he intensily of the arc did not fluctuate during the exposure.  Also, as
the liquids were hcated upto temperatures o few degrees below their boiling
points, the plane windows of the experimental tubes did not develop any extra
birefringence at the higher temperature.  The levels of the liquid in the tail
of the experimental tube at the room temperature and at the higher {emperatures
were noted and from the measured volumes upto these levels the increase in the
volume of the liquid was estimated. The temperaturc was measured with a
mercury thermometer which was placed in contact with the glass tube contuaining
the liquid inside the heater,

The Raman spectrum for the hot liquid was photographed first in order to
take into accouni any chemical change in the liquid which might take place
with the rise of temperature. The current in the heater was switched off and
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the specttum for the cold liquid was next photographed on the same plate using
the same time of exposure as for the hot liquid. A few intensity marks wcre
also oblained on the same plate using different known widths of the slit of the
spectrograph and light from an ordinary tungsten filunent Jamp reflected by
a picee of thick white paper as source of continuous radiation. A Hilger two-
prism spectrograph of high hght-gathering power was used. Microphotometric
records of the spectrograms were obtained  with the help of a Kipp and Zonen
sclf-recordimg microphotometer.  The intensities of the background on both
sides of cach line relative to the unexposed portion of the plate were determined
in the case of each line iu question with the heip of the blackening log.-inten-
sity curves and were subtracted from the total intensity of both the background
and the ling in order to obtain the intensity of the line. In the case of cach
liquid only a sclected few Raman lines have been taken into consideration.
Also, in order to investizate the question whether the intensity of the Rayleigh
lines increases with the increase of the temperature of liquids, the intensitics of
the Ime Ago16 recorded at the two temperatures have been compared. The
results are discussed in the following section.

RESULTS AND DISCUSSITON

[lic ratios ol intensities of particular Raman lines at the higher {emperature
to the corresponding intensities at the room temperature as deduced from the
hlachening produced on the plate by the lines with the help of the blackening
log-intensity curves for the corresponding wavelengths are given in column 2
of tables 1, 1T and II1. ‘I'hese have been corrected for the dilatation of the
liquid at the higher temperatures,  ’I'he correction factors as calculated from
the observed incrcase of volumne of the liquids have been found to be approxi-
mately 1.0y, 1,09 and 1 o8 for benzyl alcohol, benzoy! chloride and benzyl amine
respectively.  The corrected values of the intensities are given in colunm 3 of
the tables. These intensity-ratios as calculated from relation (1) are given in
the last columm of the tables.  Only Raman lines excited by the Hg line X358
have been investigated in cach case.  The ratio of the intensity of the Rayleigh
linc Aj910 at the higher temperature to that at the room temperature as deduced
from the spectrograms has also heen entered in the last column of each of the said
tables. Ilic widths of the lines investipated are observed to remain unchanged
at the higher temperatures and therefore the peak intensity has been measured
in cach case.

It can be scen from tables I, 11 and 111 that the intensity of the Raman
lines 610, 704 and 1000 of benzyl alcolicl and 1003 of henzoyl chloride increases
with the rise of temperaturc of the liquids and the increasc observed in each
case is fairly in agrecment with that predicted hy the theory within experimental
error. In the case of the lines 1001 and 3055 of benzyl amine the corrected
intensity ratio is slightly lower than the calculated value, but this diminution
is probably due {o some experimental error, which taking into consideration
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all the factors involved cannot be claimed to be much fess than §%.  ‘The results,
Liowever, show that there is no large diminution of the intensitics of the Raman
iines with the inerease in the temperature of the liguids as observed by previous
workers in the case of some crystals and also by Avanthakrishnan in the case
of carhon tetrachloride.  On the contrary, the intensity of the Raman lines of
smadler [requency-shift increases more than that of the lines of larger frequency-
Shift with the rise of temperature of the liguid as indicated by relation (1), and

therefore the relative intensities of these lines undergo changes with the change
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of temperature.  The microphotometric records of the lines obtained in the case
of benzyl alcohol are reproduced in Fig. 1 and it can be seen that the ratio of
the intensity of the line 610 to that of the line roos increases al the higher
temperature.

As regards the intensity of the Rayleigh line thic results observed at the two
temperatures for the line Ajgi16 in cach case ure given in the tables, because,
thete is no appreciable absorption in this region. It is ohscrved that in each
casc the inlensity of the Rny]cig}l line increases with the increase of temperature.
Since the intensity of the Raman line due to C-H vibration cxcited by Agq358
and situated close to the line Ajyg16 does not change with the increasc of
temperature, the ratio of the intensity of the line A4016 to that of the Raman
line mentioned above incrcases with the increase of temperature. This can be
seenn from the microphotometric records reproduced in Fig. 2. Since there was
some fecble stray light mixed with the scattered light, the observed increase is



Influence of Temperature on the Intensities of Raman Lines 315

Betiryl alcohol Benryl ehiloride

° e
30°C 193°C 40°C 193*C
- )
“ H
+ ———— e e e e DERG (Y
i ;
| !
i :
| :
e ;
| - |
i $ W Y
I — H ——
© o by -
P4 . a v -
T i 0 o : o
! , L =] hd I~ \ I
[ad 0 : ! [ 4] W i
I v | R | o %
Q " f [\ i ¥ o
o 7o "
g
¢ v J
\ o

» BACK  GROUND ;
LT BACK G ROV
[T ' “

—n

Fie. 2
slightly less than the actual increase in cach case. ‘I'he increase cexpected
theoretically in these cases cannot be caleulated, hecanse the values of com-
pressibility, and refractive index at the different temperatures are not known.
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