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'

In this paper the effect of alcohol, LiCl, CsCl and Ni(ClO,), on the light absorp-
tion of the water in the near infrared was studied.

1. On the basis of our examinations made on the series of alcohol-water it was
found that the band at 1,2 ¢ may be attributed to mole-association, while at 0,99 ¢
is the overtone of. some O-H ground vibration. Besides, the change of the ab- -
sorbability of water is due to the influence of alcohol in consequence of the formation
of alcohol-water collective associata. The formation of these associata reaches- equi-
librium at the alcohol-water ratio of 1 :4 molecules, i. e.,, one mole alcohol associates
with 3—4 moles of water in the collective associata.

2. Due to the influence of LiCl and CsCl, respectively the absorbability of water
increased in the spectrum range at 1,30—0,99 « stronger in the case of CsCl. On the
basis of our interpretation of this fact it was supposed that the Li+ and Cs+ ions
play a part similar to that of the nuclei in the formation of associata, so the increase
of the associata causes the increase of the absorbability.

3. That the Ni++ jon has its own -absorption of light in the range of 1,20—0,99
e was shown by the examinations made with agueous solutions of Ni(ClOy)..

The electronic origin of the band appeared in this range, was stated, i, e., this
hand is not due to the overtone of the ground vibration of the hydrated ion..

Concerning the examinations of the. solutions of Ni(ClO.)., the slight effect of
ClO, ions on the ahsorption of water in the near infrared was shown.

On the basis of the investigations by ILSE, HARTMANN and SCHLAFER
[1], [2] and KISS [3] the absorption bands — appearing in the visible range —
of unoccupied d-orbital of hydrated metal ions and electrostatical complexes
are caused by splitting of the d term into several terms or by intercombination.
There appears as many bands as are the transitions possible among the split
terms. The number of terms arising from the splitting of the ground term again
depends on the potential-symmetry of -the bound radicals, on the number of the
unshared electrons and on the ground term.

The aim of this paper is to investigate in what wave length range the
term-splitting band appears. Examinations were made regarding the absorption
. spectrum of Ni** ion in the range 0,9—1,3 u. ‘
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Experimental .
Metal salts LiCl and CsCl and HCIO, »Merck p. a.« were used for solutions.

Ni(ClO,)., was prepared from cobalt free NiCl, »Merck p. a.« solving its carbonate in
HCIO, and crystallising it. Ethanol and tridistilled water were used as solvents, The

concentrations of the solutions were given.in mol/1000 g solution and the followmg

equation for its calculation:
: a.1000
= (a+b). M

where a is the quantity of the material in question in grams, b means grams of the

other component present i. e. of the solvent, M the molecular weight of the sub-

stance solved. The series of alcohol-water, LiCl-water and Ni(ClO,).-water were
prepared with dilution, the concentrations were given in weight concentration measur-
ing the volume of the solution and calculated the weight concentrations on the basis

of the determinations of the specific gravities. Both the weighing and the dilution wete
made by weight.

The spectra were determined by BECKMAN Model DU spectrophotometex
using standard cells of 1,0 cm and reading at intervals of 10 ma.

Results and discussion

a) Series of alcohol water. Since water or mixture of alcohol and water are
employed in general as solvents for inorganic salts i. e. complexes, it was the
" absorption bands of these solvents that were studied in the range of 0,9—1,3 u
{Fig. 1, curve 1). The bands were obtained for distilled water; as compared to air,
at 1,2 and 0,99 w in fair agreement with the examinations of COLLINS [4] and
other authors [5], [6]. In MECKE'’s opinion [7], [8], [9]. infrared spectrum of pure
water may be attributed to valency and deformative vibrations. PLYLER {10]
observed the ground vibration of v, -and s at 6,27 and 2,60 u According to
MECKE et al. [11], [12], [13] the other bands of water appeared in the visible and

in the near infrared are the overtones of these ground vibrations. STANSFELD

{14] demonstrated that, the temperature, especially of higher degrees, shifts the
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Tlg 1. Curve 1.:H,0, Curve 2. :C,H;OH (measured with reference to air, calcula-
ted with the concentratlon of H.O and C.H;OH, respectively).
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bands to a slight extent in the range at 1,2—3,2 , making the molecular asso-
<iation responsible for it [15]. In COLLINS’ opinion [4] a difference may be found
between the spectrum of liquid water and that of its vapor in the bands
at 0,97 and 1,2 u owing to the presence of molecules of various kinds.

Absorption bands may be ‘also found in the same range for ethylalcohol
116], [17], [18]. Our measurements are somewhat differing from those in the lite-
rature. The appearance of a new band has been observed at 0,92 u with an-
inflection about 0,94 «. = A sharp band was noted at 1,03« , besides a weak one
appeared at 1,08 u. The above mentioned authors must have hkely observed_
the overlapping of these two bands (Fig. 1, curve 2).

The band at 1,2 w lies about there where these authors had observed it. The’
band appeared at 0 92 w« is missing for pure water, consequently may be at—
*tributed to the overtone of some of the C—H ground vibrations.

The spectra of alcohol-water mixtures at various proportions with refe-

_rence to air and the validity of BEER’s law have been examined. The log mole-
cular extinction coefficient of both.the alcohol and of water was calculated
‘with D . values obtained experlmentally for the mixtures by the law of BEER
and LAMBERT: :

log e=log D—1log ¢

-‘where ¢ means the molarity of alcohol and of water, respectively, and D is the
optical density log I_{I. The optical density of mixed solutions, at a given wave
length, is composed of the optical densities of the components in pure state
-obtained at same wave length, unless the components affect each other.

Dnn‘(t D + D

‘The molecular extinction values, log ¢, and log ¢, have been read for the spectra
of pure alcohol and of pure water, respectively, at wave lengths where the
mixed solutions had their maximum, wherefrom the optical densities are:

Da=¢q"Cq and Dy =1y "cy,

where ¢, and ¢, mean the concéntration of the alcohol and that of wéter, re-
spectively, contained in the mixtures. So: :

Dpixt.= £ *Ca+ €w * Cuw.

If the value of the D, thus obtained is derived by the concentration of.the
aleohol or of the water contained in the mixture, the molecular extinction
coefficient of the alcohol or of the water present in the mixture can be calcu-
lated on the basis of the spectrum of pure alcohol and. that of pure water.
:Should the - extinction values agree with those of the experiment, then the
.absorption of the mixture obeys' BEER's law. :

. On the basis of the logarithms of the data thus obtained it could be stated
‘with increasing concentration of the alcohol, as foilows:

1. Jogeq, max Of the band found about 1,20u considerably differs from the
-calculated one, this deviation being positive and decreasing when the concen-
tiration of the. alcohol increases. However BEER’s law. appeared to hold true
from’ about eight molecules.and further increased alcoholic concentration.
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2. At the same wave length the deviation of log &, nax found is negative as
compared to the calculated one and increases in the mnegative direction with.
increasing alcohol concentration. The deviation becomes positive and of a low.
value at about 8—12 mglecular alcoholic concentration and, on increasing fur—.
ther the concentration, BEER s law appears to hold true.

3. The data of our calculations indicate that at the band of about IOOL(,
BEER's law is valid for both the alcohol and water, except the first mixture:
. where significant negative deviation was shown in both cases.

In the opinion of earlier authors these bands may be attributed to mole—
cular association verified by COLLINS [19] on the basis of the influence of tem-:
perature of these bands. Thus they are caused by di- and trihidrol molecules,.
respectively. According to our calculations the absorbability -of the alcohol-
water mixture is greater, regarding the alcohol, and less, regarding the water,.
as compared to the computed one. In both cases the absorbability decreases.
with-the concentration of the alcohol. This may be explained when the decrease:
of the concentration of the associata of alcohol and water, respectively, is as--
sumed, as the collective associata of alcohol-water arise. At about a medium.
mole-ratio this process leads to equilibrium proved — in spite of the further”
increase of the alcoholic concentration — by the validity of BEER’s law. No
such deviations could be found for the band at about 1,00u. This suggests that.
this-band cannot be attributed to the mole-association, though a deviation was.
found between the observed and calculated values at a lower alcoholic concen-
tration. At present no interpretation of this phenomenon can be given. -

The afore-mentioned opinion is supported by Fig. 2, which contains the
spectra of the series of alcohol-water mixture with reference to alcohol and cal-
culating the log = value with water concentration. For the reference cell contains
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Fig. 2. Senes of alcohol-water measured w1th reference to alcohol, calculated with
: the concentartion of H,O- .

Conc. of H20 Conc. of C:H-OH Conc. of H:0 Conc. of C2H:0H.
1. 32,68 mol/1 - 8,92 mol/1 5. 23,98 mol/1 12,33 moi/l
2. 4080 75, 6. 1655 15,23,
3. 6466 424 7. 1323 16,53
4. 4692 336 8. 1,3 17,77

n
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the alcohol in highér concentration than the mixture, the absorption due to
alecohol-alcohol associata is filtered. The split of the band into two bands (1,30
.and 1,19 «) at about 1,20 « can be seen in Fig. 2 and because of the coincidence
of the spectra BEER’s law is valid up to medium alcoholic concentrations. For
‘those alcoholic concentrations, whence -—— with reference to the air — the
BEER’s law became valid, howevel gradually increasing deviations have been
shown.

The interpretation of this phenomenon is as follows. The spectrum, with re-
ference to the air, is due to three components: water-, alcohol- and alcohol-
water associata. Using alcohol in the reference cell the alcohol associata are.
filtered and this is proved by the splitting of the band and by the decrease of
the absorbability as compared to the absorption of pure alcohol or water and.
that of alcohol-water mixture determining the absorption with reference to air.
In case of pure water the alcohol used for reference diminishes the height of
the first band of the water due to absorption at the same spot. The alcohol
added 'to the mixture draws a part of the molecules of the water to produce.
alcohol-water associata, thus the number of di~ or trihidrol molecules are di-
minished. Consequently, the absorbability has to decrease with increasing al-
ccholic concentration. So the validity of BEER’s law was found up to medium
alcoholic concentration. An equilibrium of the formation of the alcohol—water_
associata was stated above at medium alcohol-water ratio. To attain this equi-
librium, the concentration of the di- or trihidrol molecules decreases owing to:
the fact that molecules of water are drawn to produce alcohol—water' associata
followed by the decrease of absorbability. On the other hand, the concentration.
of the aleohol-water associata increases which presumably increases the absorb-
ability too. Owing to the two contradictory effects the BEER’s law is valid
as long as the equilibrium is not attained. Having attained it, no more alcohol-
water associata are produced, the concentration of the alcoholic molecules w111
simply diminish, decreasing simultaneously also the concentration of alcohol-
water associata. Owing to the cobperation of these effects the extinction
of the resulting curve will decrease. As the turning point is at about
eight moles of the alcohol and thirty-two moles of the water; respectively, for’
both series, it may be supposed that the associatum is produced by one molecule
of the alcohol and 3 to 4 molecules of the water. On the basis of these and owing
to the shift of the curve toward the shorter wave lengths a greater interaction
may be assumed between the molecules of alcohol and that of water than bet-
ween the alcohol-molecules of the alcohol or the water-molecules of the water
itself. Consequently the quasi crystalline structure of the water is disturbed not.
only by ions [20], but also by other liquids able to associate e. g. alcohols.

b) Series of LiCl and CsCl solutions. COLLINS [19] noted, as mentioned
above, the spectra of the pure water and those of the solution will not coincide:
if the dissolved material has its effects on the absorption of water, or it has
- its own absorption. If the solution hasless absorbability compared with that of
" the pure water, the dissolved material exerts its effect on the absorption of the
water. On the basis of solvation theory this means the dissolved material pro-
duces a compound loosely bound with water whereby the solution absorbs less.
On the other hand dehydrated-materials have no effect on the absorption of the

water, COLLINS, however, observed deviations from these statements, the inter-
>
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" pretation of which was given by LIVENS [21]. If the dissolved material possesses
stronger absorption bands than the pure solvent, then the solvent absorbs less.
Besides, earlier [22] it was found, that fixed water has a less absorbability than

. free one, and GANZ [23] established an agreement between the effect of the
temperature and that of the dissolved salt on the basis of his examinations made

on the solutions of colourless salts.

Bearing in mind the above mentioned facts the spectra of the solutions
of LiClL. H,O and those of CsCl were -examined with reference to air in ten vari-
cus dilutions and calculated - the valites of log enax with the concentrations of
ihe water in every case at the bands of 1,02 and 0,99.. At both bands the’
absorbability increased with increasing concentration of the salt reference to
that of pure water. At the same time it was examined whether the ions men-
tioned above possess their own absorption on this range determmmg the ab--
sorptions of the solutions with reference to water.

In these cases, however, the absorption of light was not observed showing
that the ions possess no absorption on this spectrum range. AZZAM [24] com-
puted by means of statistical mechanics that the hydration number of Lit ion
is six. The ion of Cs, however, does not hydrate shown ‘on the basis of density
‘measurements {20] and partial mole-volume [25]), respectively. Moreover STEW-"
ART [26] has shown — examining the alcoholic solution of LiCl — the par-
ticipation of both Li* and Cl~ ions with the molecules of solvents in the de-
velopment of the cibotactic structure of the liguid. GANZ {23] studying the in-
[Tuence of dissolved salts pointed out the slight effect of Cl— ions exerted on
the absorption of water. It is known, however, that the complex-formation
starts at higher concentration, which, in GANZ’s opinion, would decrease the
effect exerted on the absorption of water.

Considering the afore-said statements LiClLH,O would exert an effect on
the molecules of water. In spite of this effect the absorbability of the solu-
tion increased. The same was shown in the case of CsCl, though to a greater
degree. It was repeatedly: verified that the band at 1,2 may be attributed to mole-
-cule-association. Accordingly, the increase of the absorption means the increase
of the number of associated molecules. Taken into consideration STEWART's
statements, Lit and Cl— ions may be supposed to play such a role as the nuclei
in forming the associata with the molecules of the solvent involving the in-
<rease of the concentration of the associated molecules and consequently that
of the absorbability. The absorption was found greater in the case of the so-.
Tution of CsCl than in that of LiCl Its pecssible reason is that Cst ions do
not hydrate, thus there is no binding of water molecules. So it may be inter-
preted the apparent contradiction that the mentioned ions, though they do-
not possess their own absorption, still increase the absorption related to water.

¢) Series of Ni(ClO,), solutions. Coloured metal ions possess definite absorp-
tion in the visible range attributed to the electrons of 3d-orbital [28], [29], [30].
"The question arises, whether the bands in the near infrared are of electronic ori-
gin. DREISCH and KALLSCHEUER [31}] studying various .Cu, Ni and Co salts
found qualitatively and quantitatively the same absorption in the near infrared.
:shown by the salts of the same cation with various anions except the cupric ace-.
tate. The studies were extended also on the solutions of other coloured metal salts -

L g
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with similar results [5]. Besides it was stated that the spectra of all the solutions
of salts examined showed more or less a fine structure and the absorption bands:
of the same cation but with various anions differ from each other only in the fine’
structure, which can be explained by the appearance or arising of the effect of
‘hydrated ions. .Studying the - infrared spectra-of Co-amine complexes [32]

vibrational bands in the far infrared were found, the overtones of which may

spread to the near infrared. On the other hand, definite electronic bands were

found in the near infrared investigating uranium and plutonium salts [33].
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TFig. 3. Series of HC10, measured with reference to air, calculated with concentra-

2

tion of H.O )

] Cone. of HCIO, : Conc. of HCIO,

1. 5,128 mol/1 3. 3.369 mol/l
2, 4,542 . 4, 0,761

For further examinations Ni(ClO,), was used as the Cl— ions may have
:an effect on the absorption of water and owing to the slight complex-forming
ability of the ClO4 ~ ions [3], [35], [36]. In a series of examinations the effect of
HCIO, on the absorption bands of water has been studied (Fig. 3). In JORGEN-
'SEN’s statement [8] the HCIO, exerts only a third of the effect of the HNO,.
‘Our examihation's, extended to the near infrared, stated the appearence of a
new band at about 1,3 u and the slight shift of the band at about 1,2¢¢ to the-
shorter wave lengths. The increasing concentration of the HCIO, increased the
-absorption. These effects may be assumed to be due to the formation of H,O+t
ions. Namely, LECOMTE [37] observed the appearance of new bands at about
3.4 and 2,4 attributed to hydrate bond of H.O--HCl and HsO% ions.
respectively. Owing to the appearance of a new band also at about 1,3;. for
‘the series of alcohol-water with reference to alcohol, the close agreement bet-
‘ween the vibrational energy of the hydrate bond of H,O0—HCIO, and that of
‘the alcohol-water associatum may be assumed. The effects themselves are not -
‘too strong, thus the effect of Cl10; anions has to be ‘slight for metal perchlorates.

In the serial measurements with the solution of Ni(ClO,), of various con-
<centrations with reference to air and computing the extinction with the con-
centration of water, the gradual appearance of .the two well-known absorption
bands of water was observed when decreasing the concentration of Ni*+ ion
(Fig. 4, a. series). On the other hand determining the spectrum with reférence
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.to solvent and computing .the extinction with the concentration of Ni++ ijor:
a twin band was observed at about 1,12 u which more or less obeys the BEER'’s
law (Fig. 4 b. series). The extinctions of spectrum series were calculated:
ENiCNi T 8w -Cw
. Cw

where &y; means the molar extinction coefficient of Ni(ClO,), (on the basis
of the data of Fig. 4 b.), ¢ wis the molar extinction coefficient of water (on.
the basis of Fig. 1), cy; and ¢, mean the concentrations of Ni(ClO,), and water,
respectively. The deviations between the observed and calculated extinctions
are positive and taking the fluctuations as experimental error, constant. Owing:
to the positive deviation. the Ni(ClO,),, apart from its own absorption, in—
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Fig. 4. a: Series of Ni(ClO,), measured with reference to air, calculated with the
concentration of H,O {concentration values in Table 5.; values of log ¢
on the right). :

b: Series of Ni(ClQ,A)g measured with refex%erice to H.,O, calculafed with.
the concentration of Ni(ClO,). (values of log ¢ on the left). ’

Conc. of Ni(ClO,). : Cone., of Ni(ClOp. -
1. 1,011  moi/1 3. 6,569  mol/i
2, 0,763 4. . 0419

c: Series of Ni(ClO,), in the mixture of ‘alcohol-water measured with re—
ference -to the same mixtures of solvents, calculated with the concen—
. tration of Ni(ClO,), (values of log ¢ on right).

Conc. of Ni(ClO,), Conc. of C;H;0H Conec. of H,0

1. 0,078  mol/l 3,565 mol/l 46,156 mol/l
2. 0,088 R 7,665 . 35,904 N

3. 0,092 14,432 o 18,602 .

4.

0,699 " 20,002 ., 4,357 1
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creased the absorbability of the water related to pure water. Thus it was assu-

zmed that the own absorption of Ni*+ ion present dominates in the solution. This
 was verified by the series of measurements followed. Making several mixtures
" .of nearly identical concentrations of Ni(ClO;): but with various alcohol-wa-
" ter ratio the spectra were determined with reference to the mixture of the
same alcohol-water ratio (Fig. 4 c.-series). The curves of the spectra have the
.same slopes thus supporting their electronic origin. Should this-band be attri-
Jbuted to the ground vibration or to the overtone of any ground vibration, the
‘various mixing ratios of the solvent mixture would have an effect on thée vib-
rational state of the solvated Nit* ion which would result a change in the
spectrum. ’

The spectra of the same series were determined in the range of 700 mu
with reference to. alcohol-water mixture but finding the band of each solution
.at the same place proves that the cause of the appearance of this band in the
visible range is identical with that of the band.in the near infrared. The cor-
rectness of our assumption is proved also by BALLHAUSEN’s recently pub-
lished quantummechamcal calculations [38].
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