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Spectral Absorbance of Some Aqueous Solutions 
in the Range 10° to 40° C 

Elizabeth E. Sager and Fleur C. Byers 
The effect of temperature upon the absorption spectr~ in the ultravio.let an~ part of 

the visible ranges was determined for several c~mpounds Jl1 aqueo~ls SOlutlOll. 1 em.per~
tures used were 100 , 25 0 , and 40 0 C. The 1l1~tenals used as solutes JI1cludedbot h morgalllc 
and organic compounds, namely, potassium I1ltrate, potassIUm dIChromate, d lpl;enylsulfon e, 
diphenyl phosphate, 4,4'-diaminobenzophenone! and. m-creso]sulfonphthalem. As the 
temperature ,yas decreased there was a n IIlcrease 111 l?aXlmU1l1. absorbance of all compol:llds 
except in the case of dip henyl phosphate, the behavlOr of .WhlC!"t was anomalous. A slJght 
s hift of the absorbance curves also occurred. The relatlOnshlp betwee n absorbance and 
temperature was not linear in the temperature range i~vestigated. The results showed that 
temperature shou ld be controlled within ± 2 deg. C If molar .absorbance values are to .be 
obtained within 0.5 perce nt. T emperature coeffiClents for an llldlvldua.l compound req uIre 
extensive absorption measurements of that compound III k~lown medIa, and such coeffi
cients wi ll hold for the sp ecifi ed wavelengths only under speCIfi ed condItIOns. As a general 
guide the temperature shou ld be controlled to ± 0.5 deg C. 

1. Introduction 

It is well known that the absorption spectra of 
both organic and inorganic comp.ounds are ~ffected 
by temperature changes. Too little attentIOn has 
been given, however, to the extent o~ these ch~nges. 

Among the early workers W~10 studlCd the effe~t of 
temperature upon the absorptIOn spectra of solutIOns 
were Jones and Guy and their co-workers [1] .1 They 
gave a great deal of attention to the beha.vior of 
solutions of the rare-carth and other metallIC salts 
in the ultraviolet visible, and ncar infrared spectral 
ranges at tempe~'atures between 20° and 200° F 
(-6 .7° to 93.3 ° C). Lewis and Calvin [2] reported 
the results of studies of compounds in ether-alcohol 
mixtures at very low temperatures. Haupt [3] 
recently determined the absorption spectrum of 
potassium dichromate in an aqueous solution at 25° 
and 50° C, and suggested that it be used as a cali
bration standard for spectrophotometers. Yar
borough, Haskin, and Lambdin [4] also made spe?
trophotometric measurements on several orgamc 
compounds in methanol and iso-octane at different 
temperatures and determined temperature coeffi
cient over a limited range. Sager and Siewers [5] 
reported absorbance values, dissociation constants, 
and related thermodynamic properties of some or
ganic bases derived from spectrophotometric meas
urements at temperatures from 10° to 40° C. 

The purpose of the present work was to determine 
whether or not a general pattern of spectral absorp
tion behavior could be predicted for certain classes 
of chemical compounds in solution . A few materials 
werc selected and their absorbance was compared 
over a range of temperatures from 10° to 40° C. 
Two inorganic materials of high purity were chosen, 
namely potassium nitrate and potassium dichro
mate. 'The four organic compounds studied were of 
relatively simple structure. They were diphenyl
sulfone diphenyl phosphate, 4,4' -diaminobenzophe
none, ~nd m-cresolsulfonphthalein. Spectrophoto
metric measurements were made of all of these 

1 Figures in brackets inc1 icate the literature references at the end of this paper. 

40!l709- 57- 3 33 

matcrials in the ultraviole t from 210 m,u through 400 
m,u. For m-eresolsulfonphtha.lein, which is a hy
drogen -ion indica tor, measuremen ts were extended 
to 670 m,u in the visible range. 

2. Equipment 
A model DU Beckman spectrophotometer was 

fitted with a constant-temperature cell compartment 
of our own design, described earlier [5], and water 
was circulated through the walls , top, and bottom 
from a thermostated water-bath. The cell compart
ment holds two cylindrical absorption cells cquipped 
with removable quartz end-plates of 38-mm (ham
etcI'. The depth of layer of solution used ~r~ tl~ese 
studies was confined to 1 cm. After equihbnum 
was reached, temperatures 'within the compartment 
did not vary more than ± 0.2 deg at 10° and at 40° 
C, and less than ±0.1 deg at 25° C, as measured by 
a thermometer inserted through the top of the com
partment box to an air space above the cells. 

3 . Materials 
Potassium nitrate, reagent grade, ~vas. recrystal

lized twice from distilled water and dned m an oven 
at 110° for 24 hr. 

Potassium dichromate, NBS Standard Sample 136, 
was used without further purification or drying. 

Diphenyl phosphate was synthesized. by A. A. 
Maryott of the Physical ChemlStry SectIOn. It was 
recrystallized twice from ethyl alcohol and w~ter, 
dried in a vacuum oven at 50° C, and kept m a 
desiccator until used. The melting point was deter
mined as 69° to 70° C. 

Diphenylsulfone was obtained from Eastman 
Kodak Co . It was recrystallized once from ethyl 
alcohol and again from benzene. The melting point 
was 128° to 129° C. 

44' -Diaminobenzophenone was obtained from East
maI~ Kodak Co. and was recrystallized twice from. 
ethyl alcohol and water. It melted at 236° to 239° C. 
m-Cresolsu~fonphthalein was especially prepared 

for this laboratory several years ago ?y W. A. !'as:lor 
& Sons of Baltimore :Md., for studIeS of IOlllzatIOn 
constants of indicato~·s. It is difficult to synthesize 



a pure indicator or dye, but analyses for carbon, 
hydrogen, and sulfur showed it to be of much greater 
purity than the usual commercial product. 8 

4. Procedure 
Stock solutions of each compound were prepared 

at 25° C with conductivity water. Further dilutions 
for the spcctrophotometric mcasurements were made 
by volumetric procedures with conductivity water, 
or in cases where it was necessary to control the 
hydrogen-ion concentration, dilutions were made 
with acid, base, or buffers. 

Before and after each series of observations the 
absorption cells were calibrated over the spectral 
range of the absorbing compound, using water in 
both the solvent and the solution cell. It was 
usually possible to complete observations on 1 com
pound within 1 day when the following sequence of 
temperatures was used: 25°, 10°, 25°, 40°, and 25°. 
The three sets of readings at 25 ° gave assurance 
that no changes had OCCUlTed in the solutions during 
the changing of the temperatures. A period of 30 
min was allowed for attainment of equilibrium after 
the desired temperature was reached. 

All results were verified by a eecond set of observa
tions on freshly prepared solutions. In the case of 
diphenyl phosphate, 6 series were made: 3 series in 
water, 1 series in acid, another in phosphate buffer, 
and another in sodium hydroxide solution. 

5. Calculation of Mola r Absorbance 
Values 

The law of absorption states that, at any glven 
wavelength, 

E= A /bM, (1) 

where E is the molar absorbance of the compound in 
solution 2 (often callcd extinction coefficient), A is 
the absorbance of the sample (-loglO of the trans
mittancy), b is the thickness of the layer of solution 
in centimeters, and M is the molarity of the solution. 

The depth of the solution, which is limited by the 
length of the absorption cell between the end-plates, 
is not changed significantly by temperature changes 
between 10° and 40° C and can be considered 
constant. The relationship between the molarity 
at the temperature at which the solution is prepared, 
Me, and the molarity at a different temperature, 
M v , is 

(2) 

where de and de' are the corresponding densities . 
The data on densities were taken from the tables 
in International Critical Tables, volume III, p. 54 , 
79, and 89. 

6 . Presentation of Data 
The curves in figures 1 to 6, inclusive, show the 

molar absorbances of each solute in the respective 
'Solvent as a function of wavelength. The com
positions and densities of the solutions are shown 
in table 1. 

2. is used in this paper as the symbol (or molar absorbance instead o( aM as in 
previous papers. 
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FI GURE 1. Potassium nitrate in water. 
- - , 10° C ; --, 25° C; ----- ---1 40° C . 
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FIGURE 2. Potassium dichromate in 5 X 10- 2-1\11 N aOH. 
--, 10° C; - - , 25° C; _____ ___ 140° C . 
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FIGURE 3. Diphenyl phosphate in water. 
--, 10° C; --, 25° C; ____ ___ _ 140° C. 
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FIGURE 4. Diphenylsulfon e in water. 
--- , 10° C; ---,25° C; __ . ___ , 40° C. 
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FIGURE 6. m-Cresolsu/fonphthalein. 
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A, Red form in 2-j\£ n OI; D, yellow form in water; 0, purple form in 10-I-M 
NaOH. 
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FIGURE 5. 4,4' -Diaminobenzophenone. 
A, Dissociated state in 0.8-.M HOI; D, nnd issociated state in 10-3-.1£ NaOII . 

---,10° 0; ---, 25° 0; . ____ . __ , 40° O. 

TAB LE 1. Composition and densities of solutions used for measurement of molar absorbances 

Figure Solute 

L ___ _____________ Potassium nitrate __ ______ . _. _. _. __ 
2 _________________ Potassium dichromate ______ ____ __ 
3 _________________ Diphenyl phosphate __ __ __________ 
4 _________________ Diphenylsulfone __________________ 
5 _________________ 4,4' -D iam ino benzophenonc ________ 

6 __ ___ ____________ m-Oresolsu][on phthalcin ______ __ __ 

Molar 
concentration 

of solute 

10- 1 

6.9 X 10- 4 

7. 59XlO-' 
7.97XlO-' 

2. 47X I0-' 

5X lO-5 

Added acid or base 

None ______________________________ 
Sodium hyd roxide ________________ 
None ______________________________ 

_ ____ do _____________________________ 
{HYdrOChloriC acid __ __ _____________ 
Sodium hydroxide ________________ 

{~~~~~:!~~~~i_C_ ~~~~~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~::::: 
SodIUm hydroXlde ________________ 
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Molar Densities at-
cong[~~g!~n 1 ____ -;-____ ---, ____ 1 

acid or base 10° 0 25° 0 40° C 

1. 0061 1. 0032 0.9982 
5X 10- 2 1. 0023 0.9993 .9945 

0. 9997 .9970 .9922 
.9997 . 9970 .9922 

8XlO-l 1. 0120 1.0088 1. 0039 
10- 3 O. 9997 0.9970 0.9922 
2 l. 0303 1.0264 1. 0211 

0.9997 0.9970 0.9922 
10- 1 1. 0046 1. 0015 .9967 



7. Discussion 

In general, aqueous solu tions of the compounds 
studied here show an incrcase in maximum absorb
ance as the temperature is decreased, with an accom
panying slight shift in the spectral absorption 
curves. The one exception is diphenyl phosphate 
which shows a reverse behavior; that is, the maximum 
absorbance decreases as the temperature decreases. 
That the conduct of this compou d is anomalous 
was verified by extensive additional absorption data 
for the compound not only in wat ' but in hydro
chloric acid, in phosphate buffer, and in sodium 
hydroxide solution. The same ord I' of change in 
the absorbance of diphenyl phosph te held at the 
different temperatures regardless of the dissolving 
medium. 

In any case, it is obvious that the ex ent of change 
in absorbance with change in temper ture depends 
upon the selected wavelength, the larg t differences 
occurring near wavelengths of maxim absorption. 
Previous workers have found a linear relationship 
between absorbance values and tempe 'ature [3,4]. 
The results reported here do not show a linear rela
tionship, however. 

It would undoubtedly be helpful if 0 servations 
could be extended further into the ultravi let region 
of the spectrum. One is dealing at best>' th only a 
partial spectrum due to experimental limi ations of 
the spectrophotometer and to the fact tha aqueous 
media themselves absorb at lower wa elengths. 
With extended data in the ultraviolet ra 'e, a com
parison of the areas under the absorption curves at 
different temperatures might be of value. 

Because the density of the medium in which a 
compound is dissolved changes slightly as the tem
perature changes, thereby changing the concentra
tion of the solution under observa tion, the tempera
ture of the solu tion should always be stated and 
taken into consideration when calculating molar 
absorbance values. Errors introduced by slight 
fluctuations in room temperature while making 
measurements are probably negligible in much 
qualitative work. However, in using spectral ab
sorption data for the determination of molar absorb
ance values, for calculations of any thermodynamic 
properties, or for analytical or quantitative work of 
high precision, the temperature should always be 
controlled. 

Temperature coefficients for an individual com
pound require extensive absorption measurements 
of that compound in known media, and such coeffi
cients will hold for the specified wavelengths only 
under specified conditions. As a general guide the 
temperature should be controlled to ±O.5 deg C. 
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