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Ozet - Bu caliymada, dissosiasyon ortaminda okzalik
asit ¢ozeltilerinin sicakhk ve konsantrasyon ile
dissosiasyon ozelliklerinin degisimi UV-VIS
Spekirofotometrik yontem ile incelenmistir. Her ¢ozelti
sistemi icin, farkli sicakhklarda konsantrasyon, ¢, ve
absorbans, A, arasindaki iliskiler belirlenmistir. Elde
edilen sonuglar, etil alkol, n-propil alkol, iso-propil
alkol and  N,N-dimetilfformamid ¢oziiciileriyle
hazirlanan ¢ézeltiler icin Lambert-Beer yasasimin
sirastyla 1.00x10”M ile 6.25x10“M; 1.00x10”M ile
6.25x10°M; 3.00x10°M ile 1.875x10M; 3.00x10”°M
ile 1.875x10°M derigim araliklarinda gegerli oldugunu
gostermistir. Cozeltilerin molar soniim katsayilan
Lambert-Beer kanunu yardmmyla hesaplanmgtir. Her
¢ozelti sistemi icin molar séniim katsayisimn sicaklik
bagimlilig belirlenmistir.

Anahtar Kelimeler - UV-spektroskopisi, molar soniim
katsayisi, okzalik asit, dissosiasyon.

Summary - In this study, the properties of oxalic acid
that change with temperature and concentration in the
dissociation media were investigated by UV-VIS
spectrophotometry. For every solution systems, the
relationships between absorbance, A, and
concentration, ¢, were obtained at different
temperatures. The results were indicated that the
Lambert-Beer law was obeyed in the concentration
range of 1.00x10”°M to 6.25x10M; 1.00x10”M to
6.25x10“M; 3.00x10°M to 1.875x10™M; 3.00x10”M
to 1.875x10°M for the solutions which are prepared
with ethyl alcohol, n-propyl alcohol, iso-propyl alcohol
and N,N-dimethylformamide; respectively. Molar
absorptivitys of the solutions were calculated by using
the Lambert-Beer law. The temperature dependence of
the molar absorptivity of each solution was determined.

Keywords - UV-spectroscopy, molar absorptivity, oxalic
acid, dissociation.
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L. INTRODUCTION

Physical and chemical properties of a molecule
depend on atoms, strength and the species of
chemical bonding [1]. A vast majority of chemical
reaction takes place in solutions, Both H-bonding
and Van der Waals bonding are important in a
solution media. Electronic structure of a molecular
system, dimension, geometry, concentration of
molecules and distance between molecules depend
on interaction species [2,3].

The absorption of light in a molecule depends on
interaction species in media. Two empirical laws
have been formulated about the absorption
intensity. Lambert’s law states that the fraction of
the incident light absorbed is independent of the
intensity of the source. Beer’s law states that the
absorption is proportional to the number of
absorbing molecules. From these laws, the Equation
1 was determined. [4,5].

log-I[l =A=¢gcl (1)

Iy and [ are the intensities of the incident and
transmitted light respectively, / is the path length of
the absorbing solution in centimeter, and ¢ is the
concentration in moles/liter. LogIy/l) is th~
absorbance or optical density; ¢ is known as the
molar extinction [4-6].

Molar absorptivity changes with wavelength and
frequency of the radiation. It is a characteristic
quantity for studied atomic or molecular system.
Therefore, molar absorptivity should be measured
for atomic or molecular system in different media

[7,8].

The Lambert-Beer law is a limited law for dilute
solutions, the assertion that the extinction
coefficient, &, is independent of the concentration of
a substance at the given wavelength, A, applies only
to dilute solutions. & is no longer constant for
concentrated solutions but it depends on the
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refractive index of solutions [9,10]. According to Lambert-
Beer law, the temperature and wavelength are both
constant. Whereas, if the temperature changes, the
concentration, volume and refractive index of the solutions
can change, too. [11,12].

If a concentration of solution changes, the shape of an
absorbance curve can change too. This phenomenia is
occured with interactions between a solute and a solvent
[9]. The first aim of this study is that the representation of
the limitations of the Lambert-Beer law. Our second aim is
to determine relationship between molar absorptivity and
temperature.

II. EXPERIMENTAL

The spectra were recorded in the UV region and were
measured  using a Variation 1IE  UV-VIS
Spectrophotometer for solutions of oxalic acid in the range
between 20°C and 45°C. Measurements were performed in
ImL quartz-cells. The temperature of the thermostatic bath
was controlled within +0.2°C in the range between 0°C and
50°C and within +0.5°C.

Solutions were prepared using solvents which have
different dielectric constants such as ethyl alcohol, n-
propyl alcohol, iso-propyl alcohol and N,N-
dimethylformamide. Oxalic acid concentration range of
the solutions are 8.00x10”M to 6.25x10™*M; 1.60x10"'M
to 6.25x10*M; 4.80x10”°M to 1.875x10*M; 4.00x10"'M
to 1.875x10°M in ethyl alcohol, n-propyl alcohol, iso-
propyl alcohol and N,N-dimethylformamide; respectively.

ITI. RESULTS AND DISCUSSION

The maximum wavelengths of the solutions were
determined. The maximum wavelength values are 210nm,
218nm, 261nm and 270nm of oxalic acid solutions in ethyl
alcohol, n-propyl alcohol, iso-propyl alcohol and N,N-
dimethylformamide; respectively. These values are shown
in Fig. 1.
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Figure 1. Spectra of oxalic acid solutions in different solvents at 20°C.
Oxalic acid concentration is 1x10”°M, 5x10°M, 3x10°M and 1.5x10”M
in  ethyl alcohol, n-propyl alcohol, iso-propy! alcohol and N,N-
dimethylformamide; respectively.
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The oxalic acid molecules are dissociated in the
solvents. Ionic dissociation equilibria of oxalic acid
is shown in following.

R(Ar)-COOH <> R(Ar)-COO™ + H" (2)

The absorbances of the solutions were measured
during ten minutes at maximum wavelength of
every solutions. Absorbance dependence on time is
shown Fig. 2. The dissociation of oxalic acid
molecules in the solvents is entirely to completed at
five minutes and the system is stable. Therefore, the
absorbance values of five minutes were used.
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Figure 2. Absorbance dependence on time. The solvents are
ethyl alcohol (#); n-propyl alcohol ( ); iso-propy! alcohol (A);
N,N-Dimethylformamide (x).

The relationship between absorbance and
concentration of the solutions is shown that in
Figure 3. The Lambert-Beer law was obeyed in the
concentration range of 1.00x10”M to 6.25x10™M;
1.00x10°M to 6.25x10*M;  3.00x10°M to
1.875x10™*M; 3.00x10°M to 1.875x10°M for the
solutions which are prepared with ethyl alcohol, n-
propyl alcohol, iso-propyl alcohol and N,N-
dimethylformamide; respectively.

Figure 3. Absorbance value of oxalic acid solutions in differer
solvents at 20°C. The solvents are ethyl alcohol (#), n-propyl

absorbance
o - N W E-N (4, [e)]

T

005 01 015 02 025 03
c(V

T T

o

alcohol (), iso-propyl alcohol (A), N,N-dimethylformamide (x)
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Few exceptions are found to the generalization that
absorbance is linearly related to path length. On the other

Table 1. Molar absorptivity of oxalic acid solutions in different solvents at different temperatures.

hand, deviations from the direct proportionality between 12
the measured absorbance and concentration when / is 1 Solvent Molar Extinction Costicient , & (M- )"
constant are frequently encountered. Some of these 30°C 75%C 30°C 35°C 20°C
deviations are fundamental and they tepresent real 3% Eihv Alcohol gl ot d S )y oot
limitations of the law (Figure 3). Others occur as a 8 o6 P Y 1 Alcohol - - ; N i
consequence of the manner in which the absorbance 2 B I0PY 0000 116 +2 1132 90+4 201 89:+1
measurements are made or as a result of chemical changes o Iso-Propyl Alcohol 299+8 275110 256t 14 249+11  231:+23
associated with concentration changes; the latter two are 02 N,N-dimethylformamide 30+ 0.9 26+0.8 2730.5 2703 26+0.8
sometimes known, respectively, as instrumental deviations N *113]
anel ghepigal devistiona [1.3], §z, 00000 900100016 0002 ., G900 . AHNE HERSENN) [4,9]. Therefore, molar absorptivity of the solutions are
(M) :
In Figure 4-7, the absorbance is plotted against 1.2 Bet conapit a0d. theyace changed (Fg. 9).
2 : ) ; ‘
zg;:,c:rﬁg an;zef,ts ﬂi:wdlf;f:re;::c:::sl};uelmge ‘;;ctrl;gisevetlifcl 8 The results of € for the studied solutions showed linear
b t'. ehavi £ dilute soluti Iv: in thi g Figure 6. Absorbance values of oxalic acid solutions in iso- = 0.8 variation with temperature, within the experimental
abjorpiion  bengvior of GLUIGSOMUONS BRI, U] TS SeNSe, propyl alcohol at different temperatures. The temperature is 20°C £ 06 accuracy. The relationship between temperature and
it is a limiting law (Figure 4-8). At high concentrations (#),25°C (), 30°C (A), 35°C (x), 40°C (»). 2 ivi i
(usually > 0.01M), the average distance between the { 04 F“"‘a’ abso‘rbtW{ty value§ of the solutions were
species responsible for absorption is diminished to the 1 0.2 ;ltl)‘;zt:;:fvc: mvafl:ig.o fIt thles sﬁﬁggnsthgtecrt::semﬁ:lz
point where each affect of the charge distribution of its 04 ' ' ! increasin tt,e erature
neighbours (Figure 3). 08 1 0 0,01 002 003 004 e Hp :
g o6 cmw
1 § 34 IV. CONCLUSIONS
0n
I Figure 8. Absorbance of the solutions as a function species of the
08 024 solvents at 20°C. The solvents are ethyl alcohol ( ), n-propyl alcohol In this study, the Lambert-Beer law is applied to our
2 ' (), iso-propyl alcohol (4),N,N-dimethylformamide (x) experimental data and the suitable concentration ranges
g 08 0 : . v ' P Ay are determined. Our results showed that Lambert-Beer
£ 0 0005 001 0015 002 0025 003 0,035 The relationships ~ between  absorbances  and law was obeyed in the concentration range of 1.00x10"
§ 04 ¢ (M concentrations are clearly. linear, and the values of the M to 6.25x10°M; 1.00x10”M to 6.25x10*M;
02 molar absorptivity at different temperature can be 3.00x10°M to 1.875x10™M; 3.00x102M to 1.875x10°
Figure 7. Absorbance values of oxalic acid solutions in N,N- deduced from the slope of these lines. The molar M for the studied solutions which are prepared with
0 : : : . : dimethyl formamide at different temperatures. The temperature absorptivities are Show.n‘m Table 1. The relgtlonshlp ethyl alcohol, n-propyl alcohol, iso-propyl alcohol and
0 0002 0004 0006 0008 001 0012 is 20°C (#), 25°C (), 30°C (A), 35°C (x), 40°C (¥). between molar absorptivity and temperature is shown N,N-dimethylformamide; respectively.
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These interactions, in turn, can alter the species
ability to absorb a given wavelength of radiation.

in Fig. 9.
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The absorbance of the oxalic acid solutions changes
with increasing polarity of the solvents at a given
temperature. This effect is shown in Fig.8.

(x).

Deviations from Beer’s law also arise because
¢ is dependent upon the refractive index of solution [9].
Thus, if concentration and temperature change because
of the significant alterations in the refractive index n of
a solution, departures from Beer’s law are observed
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