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Correction for the Intensities of Infrared Absorption Bands 
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 The serious disadvantage of infrared 
absorption spectroscopy is the fact that 
the band shapes and the peak intensities 
measured in liquids or in solutions are 
markedly affected by the spectral slit 
widths of the spectrometers. Therefore it 
is desirable to find the method of correc-
tion of the apparent peak intensities and 
the band half widths to the true intensities 
and half widths, respectively, and to 
express them with the universal values. 
A number of authors1-4) have discussed 
this problem. In the present work we have

compared the methods established by these 
authors from the view points of the 
spectral slit width, the slit function, and 
the shape of the absorption band, and 
have proposed improved methods. 

 In the last section of this paper, the 
improved correction method was applied. 

 1) D. A. Ramsay, J. Am. Chem Soc., 74, 72 (1952). 
 2) A. C. Hardy and F. M. Young, J. Opt. Soc. Am., 

 39. 265 (1949). 
 3) R. A. Russell and H. W. Thompson, Spectrochim. 

 Acta, 9,133 (1957). 
 4) E. B. Wilson, Jr. and A. J. Wells, J. Chem. Phys., 

 14, 578 (1946).
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to the C=O stretching vibration bands of 
fifteen esters in carbon tetrachloride solu-
tions, and the values of the true molecular 
extinction coefficient were determined. 
The true integrated absorption intensities 

per one C=O group were also obtained 
by the extrapolation method. These values 
are dispensable for the group type analysis 
of esters. 
 Correction for the Peak Intensity. 

Method I.-For monochromatic radiation, 
the well known absorption law,

(1)

applies, and the true molecular extinction 
coefficient at the absorption maximum is 
,described as*

(2)

However, in the actual spectrometer, due 
to the use of finite slit widths, the radia-
tion is not monochromatic, and the energy 
from the exit slit of a spectrometer set
at a frequency ν'may be expressed by an

energydistributionfunction g(ν,ν')**.

Accordingly when the spectrometer is set

at frequency ν', the apparent intensities

of the incident and transmitted radiation

are described as

(3)

and the apparent molecular extinction 

coefficient is given by

(4)

 In the actual prism spectrometer, the 
observed absorbances [log10(T0/T)=D] at 
the band peaks are markedly affected by 
the spectral slit widths and are very 
different from the true values [log10(I0/I)]. 
 One of the well known method to correct 
the apparent absorbance at the band 
maximum for the true absorbance is pro-
posed by Ramsay1). Under the following 
assumptions as, 

 i) the slit function may be represented 
by a triangle whose base length is equal 
to the twice the spectral slit width s, 

 ii) spectral slit width s is the sum of 
the term s, represents the contribution 
from the finite mechanical slit width and 
the term S2 responsible for the finite

resolving power of the prism, and the 
values of each term are evaluated by the 
equation given by Williamss5), 

 iii) the true band shape may be repre-
sented by a Lorentz curve,

(5)

Ramsay has computed the apparent band 
absorbance

(6)

and obtained the relationships between 
the ratio of the true and apparent peak 
intensities and the ratio of the spectral 
slit widths to the band half widths. 

However, Ramsay's assumption is not 
applicable to every case, and it is neces-
sary to reexamine it. Ignoring the diffrac-
tion by a prism, the slit function for a 

perfectly aligned spectrometer with an 
equal entrance and exit slit width may be 
represented by a triangle as described by 
Ramsay. But owing to the mismatching of 
the curved image of the entrance slit with 
the exit slit curvature, the misfocusing of 
the collimator mirror, etc., for the spectro-
meter which we actually used, the slit 
widths of the entrance and exit slits are 
not equal, and therefore the shape of the 
slit function may be approximated more 
closely to trapezoid than to triangle.

Fig. 1. Trapezoidal slit function.

 Then the spectral slit width itself is 

rewritten as

(7)

where S1 and S2 are the same as defined 
by Ramsay and S3 is the term represents 
the contribution from opical misalign-
ment. The details of the trapezoidal 
slit function illustrated in Fig. 1 are

* In this equation c is expressed moles per liter of 

solution and t is the cell length incm. 
 ** This function is defined as the slit function.

 5) V. Z. Williams, Rev. Scl. Instrumensts. 19, 151 
(1948).
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TABLE I-1 
VALUES OF loglo(I0/I)max/log10(T0/T)max FOR THE VARIOUS VALUES OF y IN TERMS OF THE

RATIO OF

* This Table can be applied to the values of log10(T0/T)max from 0 .2 to 0.4.
** The value of y' is defined as,y/Δνt1/2 .

TABLE I-2

VALUES OF Δνa1/2/Δνt1/2 FOR THE VARIOUS VALUES OF y IN TERMS OF log10(T0/T)max=Dmax

AND THE;RATIO OF S1+y/Δνa1/2

defined as follows. The length of the upper 
side is equal to the sum of S2+S3 and 
denoted as y, and the lower base length 
is equal to 2s1+y. This slit function is 
regarded as the combination of the tri-
angular slit function whose base length is 
equal to twice the term which represents 
the contribution from the finite mechanical 
slit width, and the rectangular slit func-
tion whose base length is equal to the term

which is responsibie for the prism diffrac-
tion and the optics misalignment. 
 Using the trapezoidal slit function as 

defined above, Eq. 6 was evaluated by 
numerical integration, for the various 
values of a, b, and the slit widths S1 and 
y. For the stepwise increment of the value 
of y, the ratios of log10(I0/I)max/log10(T0/
T)max and Δνa1/2/Δνt1/2 were represented

as functions of the apparent intensities



July, 1958] Correction for the Intensities of Infrared Absorption Bands 589

and of the ratio s/Δνa1/2. The resu1ts are

given in Table I, and the rows for y=0 
are the same as given by Ramsay. 

 With this Table we can correct the 
observed intensities and band half widths 
to true ones, but it is necessary to deter-
mine the value of y experimentally, since 
the value of y is not known a priori. For 
this purpose, the absorption measurements 
of the same sample are made with the 
various mechanical slit widths, and one 
set of observed values for the peak in-
tensities and band half widths are ob-
tained. Then assuming an arbitrary y 
value, the spectral slit width s is deter-
mined, and the correction factor for the 

peak intensities observed by that slit width 
is found from Table I-1. Using the same 

y value, the similar processes are tried 
for the values observed with the other 
mechanical slit widths. If we assume an 
unsuitable y value, the corrected peak 
intensities for the various mechanical slit 
widths should not agree, and the similar 
calculations with the another y values 
must be repeated until we get the satisfac-
tory agreement among the corrected in-
tensities. The corrected peak intensities 
which finally agree may be considered as 
the true peak intensities. For the observed 
band half widths, the similar treatments 
should be made by the use of Table 1-2, 
and the band half widths are also cor-
rected. 

 This method is applied to the C=O 
stretching vibration bands of ethyl capro-
nate measured in carbon tetrachloride 
solution, and illustrated in Table II. The 
corrected peak intensities show always 
good agreement, when we assume the 
value of y to be ca. 1.6cm-1. (In Table I, 
the correction factors are represented as
the functions of y'=y/Δνt1/2 and in this

case Δνt1/2 is nearly equal to 16cm-1,

therefore, we get a good agreement with 
the value of y'=0.1). Therefore, when 
the intensity measurement in the 1700 
cm.-1 region is made with the same spec-
trometer under the same condition of 
alignment, the value of y should be always 
assigned to ca. 1.6cm-1*, but the value of 
y' should be altered according to the band 
half widths. In Table II, the result ob-
tained from Ramsay's method is compared 
with the result of ours. The more ex-
cellent agreement among the corrected 
intensities is obtained with our method. 
The reliability of our method is also 
proved from the agreement between the 
observed resolution and the spectral slit

width, and the equality between the cor-
rected intensities and the intensities 
measured with a grating spectrometer 
under the higher resolution.

Fig. 2. Comparison between the observed 
 and the calculated absorbance.

 The aforementioned correction method 
is derived from the Lorentz curve ap-
proximation for the true band shape. To 
examine this assumption, the results of 
numerical integration of Eq. 6 are com-
pared with the observed absorption curves 
of ethyl capronate in carbon tetrachloride 
solution. The results are shown in Fig. 
2, where the full line represents the ob-
served absorbance curve and the dots 
represent the calculated values. 
 The agreement between these curves is 
well in the central region of the bands 
and in the band wings, but in the middle 
of these regions, comparatively large dif-
ferences are observed. An exponential 
curve, which is used by Philpotts6) for the 
band shape, is also examined, but the 
calculated points markedly deviate from 
the observed curves except in the narrow 
central region of the bands. Therefore, 
for the correction of the observed peak 
intensities and the band half widths, it 
is considered to be reasonable to assume 
Lorentz curve for the true band shape. 
 Correction for the Peak Intensity. 

Method II.-Koana7 and Hardy2) showed 
the other correction method. For the sym-
metrical bands, the corrected absorbance 
at the band maximum (D0max) is repre-
sented as a first approximation by the

* The value of S3 which represents the contribution 

from the misalignment of optics is nearly equal to 1.2 
cm-1 (=1.6-0.4cm-1). This value is surprisingly large, 
but after the readjustment of optics, the value of s, was 
diminished to ca. 0.4cm-1. 
 6) A. R. Philpotts, W. Thain and P. G. Smith, Anal. 

Chem., 23, 268 (1951). 
 7) K. Koana, et al., Proc. Phys.-Math. Soc. Japan, 

(Nippon Sugaku-Butsuri Gakkaishi) 22, 940 (1940).
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TABLE II

CORRECTION FOR THE INTENSITIES (METHOD 1) ETHYL CAPRONATE IN CARBON TETRACHLORIDE 
 CONCENTRATION 0.044 mol./l. PATH LENGTH 0.124mm. BAND AT 1737cm-1

mechanical

* These values are measured with a P-E . 112G grating spectrometer. 
** These values are obtained using a triangular slit function, the term S2 responsible 

 for the finite resolving power of the prism is equal to 0.4cm-1.

TABLE III 

CORRECTION FOR THE PEAK INTENSITIES (METHOD II) ETHYL CAPRONATE IN CARBON 
TETRACHLORIDE. CONCENTRATION 0.044 mol./l. PATH LENGTH 0.124mm. BAND AT 1737cm-1 

 mechanical

* These values are obtained using a triangular slit function
, the term S2 responsible 

for the finite resolving power of the prism is equal to 0.4cm-1.



July, 1958] Correction for the Intensities of Infrared Absorption Bands 591 

 TABLE IV 

ESTER C=O BANDS IN CARBON TETRACHLORIDE SOLUTION

Compounds

observed absorbance and its second deri-
vative, i. e.,

(8)

where a2 is a coefficient determined by the 

slit function, and given by

(9)

 The a2 values* are represented for the 
cases of a triangular slit function whose 
base length is equal to twice the 
spectral slit width s as s2/12, and for a 
trapezoidal slit function whose details are 
defined in the preceding section as [ (sl+
y/2)4-(y/2)4]/12s1(s1+y) 
 To obtain the true corrected intensity, 
the trial and error examination of the 
value of y should be made in a similar 
manner as described in the preceding 
section. An example of this process is 
carried out for the C=O stretching band 
of ethyl capronate, and shown in Table 
III, where the third and fourth rows show 
the observed peak intensities and their 
second derivatives, respectively. The good 
agreement among the corrected inten-
sities is obtained when we assume the value 
of y to be ca. 1.6cm-1. 
 This method is attractive, because of 
the non-existence of the assumption on 
the band shape, but the process to obtain

the second derivatives of absorbances is 
troublesome. Moreover, Eq. 8 is only a 
first approximation, and for the large 
values of absorbances, Eq. 8 should be 
extended to the fourth derivative. These 
two disadvantages are too serious, and in 
the last section of this paper this method 
is not adopted. 
 True Integrated Absorption Intensity. 
-As regards the integrated intensities , 
there are few to be discussed, and the 
extrapolation method proposed by Wilson 
and Wells') can be applied to the actual 
cases. Namely, true integrated intensity 
A is obtained as the limiting value of the 
intensity B, i. e.,

(10)

where c is the concentration of the solute 
in molecules percm.3 of solution, t is the
cell length incm., and ν is the frequency

in cycles per second. Integration of the 
band is carried out over the frequency 
interval. of the four times the apparent 
band half width on either sides of the 
band center. Special correction for the 
residual area under the wings is ignored. 
 Results on the C=O Band of Esters.-

Table IV gives the frequencies of the 
band maxima, the true molecular extinc-
tion coefficients at the peak, the true band 
half widths, and the true integrated absorp-
tion intensities of C=O stretching vibra-
tion bands of fifteen esters as measured 
in carbon tetrachloride solutions. These 
results show good agreement with the

* In the original paper" , a2 is determined experi-
mentally. But this procedure is quite erroneous, and 
here a2 is calculated from the assumed slit function.
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values obtained by the other authors8-10).
 The mean values and their standard 
deviations of the peak and area intensities 

per one C=O group are computed for the 
seven monoesters as

cm2 molecule-1 sec.-1,

and the mean value of area intensities 

per one C=O group for the fifteen mono-
and di-esters is given by

cm 2 molecule-1 sec.-1

 The mean values of area intensities per 
one C=O group are similar for the mono-
and di-esters, and in both cases, the

standard deviations of area intensities are 
quite small. This fact is valuable for the 
group type analysis of esters. 

Experimental 

 A Perkin-Elmer Model 112 spectrometer with 
calcium fluoride prism and a cell of 0.124mm. 
thickness, determined by the interference method, 
was employed. All of the esters were purified 
by the ordinary method and distilled. The boiling 
points of the purified materials were in good 
agreement with the literature values. 
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 8) R. R. Hampton and J. E. Newell, Anal. Chem., 21, 
914 (1949). 
 9) G. M. Barrow, J. Chem. Phys., 21, 2008 (1953). 
10) S. A. Francis, ibid. 19, 942 (1931).


