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In this paper thé effect of alcohol, LiCl, CsCl and Ni(C10.,)2 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 p 
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 + + ion has its own-absorption of light in the range of 1,20—0,99 
was shown by the examinations made with aqueous solutions of Ni(ClOj).. 

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

Concerning the examinations of the solutions of Ni(ClOi).., the slight effect of 
C104 ions on the absorption of water in the near infrared was shown. 

On the basis of the invest igat ions by ILSE, HARTMANN and SCHLÄFER 
[1], [2] and KISS [3j the absorpt ion bands —- appear ing in the visible range — 
of unoccupied d-orb i ta l of hydra ted meta l ions and electrostatical complexes 
a re caused by spl i t t ing of the d t e r m into several t e rms or by in te rcombina t ion . 
The re appea r s as m a n y bands as are the t rans i t ions possible among the split 
terms. The n u m b e r of t e rms ar is ing f r o m the spli t t ing of the g round t e r m again 
depends on the po ten t i a l - symmet ry of the bound radicals, on the n u m b e r of t h e 
unsha red electrons and on the g round te rm. 

The aim of this paper is to investigate in w h a t wave length range the 
term-spl i t t ing band appears . Examina t ions were made regard ing the absorpt ion 

.spectrum of N r + ion in the r ange 0,9—1,3 u. 
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Experimental 
Metal salts LiCl and CsCl and HC104 »Merck p. a.« were used for solutions. 

NiiClOj)», was prepared from cobalt free NiCl» »Merck p. a.« solving its carbonate in 
H C I O 4 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 following 
equation for its calculation: 

a.1000 
X="(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(C10.,)2-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 were 
made by weight. 

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

Results and discussion 

a) Series of alcohol water. Since w a t e r or m i x t u r e of alcohol and wa te r a r e 
employed in genera l as solvents for inorganic salts i. e. complexes, it w a s t h e 
absorp t ion bands of these solvents tha t were studied in t h e r ange of 0,9—1,3 /.t 
(Fig. 1, curve 1). The b a n d s w e r e obta ined fo r distilled water^ as compared to air , 
a t 1,2 and 0,99 in f a i r a g r e e m e n t wi th t h e examina t ions of COLLINS [4] a n d 
o the r a u t h o r s [5], [6]. In MECKE's opinion [7], [8],' [9]. i n f r a r e d s p e c t r u m of p u r e 
w a t e r m a y be a t t r ibu ted to valency and de fo rma t ive v ibra t ions . PLYLER [10] 
observed t h e g round v ib ra t ion of v., and n at 6,27 and 2,60 it. According t o 
MECKE et al. [11], [12], [13] t h e o ther bands of wate r a p p e a r e d in t h e visible a n d 
in the n e a r in f r a red a re the over tones of these g round vibra t ions . S T A N S F E L D 
[14] demons t ra ted that , the t empera tu re , especially of h igher degrees, sh i f t s t h e 

Fig. 1. Curve 1. : H»0, Curve 2. : C2H.-,OH (measured with reference to air, calcula-
ted with the concentration of H,0 and C«H5OH, respectively). 
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"bands to a slight extent in the range at 1,2—3,2,« , making the molecular asso-
ciat ion responsible for it [15]. In COLLINS' opinion [4] a difference may be found 
between the spectrum of liquid wa te r and tha t of i ts vapor in the bands 
-at 0,97 and 1,2 ,u owing to the presence of molecules of var ious kinds. 

Absorption bands may be also found in the same range for ethylalcohol 
[16], [17], [18]. Our measurements a re somewhat differ ing f r o m those in the l i te-
ra ture . The appearance of a new band has been observed at 0,92 u wi th an 

inf lect ion about 0,94,«..' A sharp band was noted at 1,03,a , besides a weak one 
appeared at 1,08 a. The above mentioned authors mus t have likely observed 
t h e overlapping of these two bands (Fig. 1, curve 2). 

The band at 1,2 « l i e s about there where these authors had observed it. The 
Tiand appeared at 0,92 u is missing for pure water , consequently may be a t -
t r i bu ted to the overtone of some of the C—H ground vibrations. 

The spectra of alcohol-water mix tures 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 bo th . the alcohol and of wa te r was calculated 
wi th D m a x values obtained experimental ly for the mixtures by the law of BEER 
.•and LAMBERT: 

log e = log D — l o g c , 

-where c means the molari ty of alcohol and of water , respectively, and D is the 
•optical density log I J I . The optical density of mixed solutions, at a given wave 
length, is composed of the optical densities of t h e components in pure state 
•obtained at same wave length^ unless the components affect each other. 

Dmixt = D , + D „ . 

'The molecular extinction values, log ea and log e„, have been read for the spectra 
of pure alcohol and of pure water , respectively, a t wave lengths where the 
mixed solutions had their maximum, where f rom the optical densities are: 

D a
 = Ra " Ca and D„, = i„, • c„,, 

w h e r e c„ and c„. mean the concentration of the alcohol and that of water, re-
spectively, contained in the mixtures. So: 

D,„ixt.= £a * ca C»'. 

If the value of the D m a x thus obtained is derived by the concentration of the 
alcohol or of the water contained in the mixture , the molecular extinction 
•coefficient of the alcohol or of the water present in the mix ture can be calcu-
lated on the basis of the spectrum of pure alcohol and t ha t of pure water . 
.Should the extinction values agree with those of the exper iment , then the 
absorption of the mixture obeys BEER's law. 

On the basis of the logari thms of the data thus obtained it could be stated 
wi th increasing concentration of the alcohol, as follows: 

1. logEa max of the band found about 1,20« considerably differs f rom the 
•calculated one, this deviation being positive and decreasing when the concen-
t ra t ion of the alcohol increases. However BEER's law appeared to hold t r u e 
f r o m about eight molecules and f u r t h e r increased alcoholic concentration. 
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2. At the same wave length the deviat ion of log ¿„.̂ „ax f o u n d is negat ive as-
.compared to the calculated one and increases in the nega t ive direct ion with, 
increas ing alcohol concentrat ion. The devia t ion becomes positive and of a l o w . 
va lue a t abou t 8—12 molecular alcoholic concent ra t ion and, on increasing f u r -
ther the concentrat ion, BEER' s law appears to hold t rue . 

3. T h e da ta of our calculat ions indicate tha t a t the band of about 1,00,«. 
BEER's law is valid fo r both the alcohol and water , except t h e f i r s t m i x t u r e 
w h e r e s ignif icant negat ive devia t ion w a s shown in bo th cases. 

In the opinion of ear l ier au tho r s these bands m a y be a t t r ibu ted to m o l e -
cular associat ion ver i f ied by COLLINS [19] on the basis of the in f luence of t e m -
p e r a t u r e of these bands. T h u s they are caused by di- and t r ih idrol molecules,, 
respectively. According to our calcula t ions t h e absorbabi l i ty of the alcohol-
w a t e r m i x t u r e is grea ter , r egard ing the alcohol, and less, r egard ing the water , , 
as compared to the computed one. In both cases the absorbabi l i ty decreases-
wi th - the concentra t ion of the alcohol. This m a y be exp la ined w h e n the decrease 
of t h e concentra t ion of the associata of alcohol and wa te r , respectively, is as -
sumed , as the collective associata of a lcohol-water arise. A t abou t a m e d i u m 
mole- ra t io this process leads to equi l ib r ium proved — in spi te of the f u r t h e r 
increase of the alcoholic concentra t ion — by the val id i ty of BEER's law. No 
such deviat ions could be found fo r t h e b a n d at about 1,00 u„ Th i s suggests tha t , 
th is -band cannot be a t t r ibu ted to the mole-association, though a deviation was-
found be tween t h e observed and calculated values at a lower alcoholic concen-
t ra t ion. At presen t no in terpre ta t ion of this phenomenon can be given. 

The a fore -ment ioned opinion is suppor ted by Fig. 2, which contains t h e 
spect ra of the series of a lcohol-water m i x t u r e with re fe rence to alcohol and ca l -
culat ing the log e va lue wi th w a t e r concentrat ion. For the re fe rence cell c o n t a i n s 

Fig. 2. Series of alcohol-water measured with reference to alcohol, calculated with' 
the concentartion of H.O 

Cone, of H2O Cone, of C2H0OH Cone, of HiO Cone, of C_'H-.OH 
1. 32,68 mo 1/1 8,92 mol/1 5. 23,98 mol/1 12,33 mol/1 
2. 40,80 „ 5,75 „ 6. 16,55 „ 15,23 „ 
3. 64,66 „ 4,24 „ 7. 13,23 „ 16,53 „ 
4. 46,92 „ 3,36 „ 8. 11,35 „ 1.7,77 „ 
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the alcohol in higher concentration than the mixture, the absorption due to 
alcohol-alcohol associata is fi l tered. The split of the band into two bands (1,30 
and 1,19 «) at about 1,20 a 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 — t h e 
BEER's law became valid, however, gradually increasing deviations have been 
shown. 

The interpretat ion 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 
fi l tered 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 
tha t of alcohol-water mix ture determining the absorption wi th reference to air. 
In case of pure water the alcohol used for reference diminishes the height of 
the f i rs t band of the wa te r due to absorption at the same spot. The alcohol 
added to the mix ture d r a w s a par t of the molecules of the wate r to produce, 
alcohol-water associata, thus the number of di- or tr ihidrol molecules are di-
minished. Consequently, the absorbability has to decrease with increasing al-
coholic concentration. So the validity of BEER's law was found u p to medium 
alcoholic concentration. An equil ibrium of the formation of the alcohol-water 
associata was stated above a t medium alcohol-water ratio. To at tain 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 alcohol-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 equil ibrium is not attained. Having attained it, no more alcohol-
water associata are produced, the concentration of the alcoholic molecules will 
simply diminish, decreasing simultaneously also the concentration of alcohol-
water associata. Owing to the cooperation of these effects the extinction 
of the resulting curve will decrease. As the tu rn ing point is at about 
eight moles of the alcohol and thir ty- two moles of the water; respectively, for 
both series, it may be supposed tha t 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 shif t 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 wate r 
itself. Consequently the quasi crystalline s t ructure 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 has less 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-mater ials have no effect on the absorption of the 
water , COLLINS, however, observed deviations f rom these statements, the i n t e r -
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pre t a t i on of which was given by LIVENS [21]. If the dissolved mater ia l possesses 
.stronger absorpt ion bands than the pure solvent, t h e n t h e solvent absorbs less. 
Besides, ear l ie r [22] it w a s found, tha t f ixed wa te r has a less absorbabil i ty than 
f r ee one, and GANZ [23] established an agreement be tween the e f fec t of t h e 
t empera tu re and tha t of the dissolved salt on the basis of his examinat ions m a d e 
on the solut ions of colourless salts.' 

Bear ing in mind the above ment ioned facts the spectra of the solut ions 
of LiCl. H 2 0 and those of CsCl were examined wi th re fe rence to air in ten v a r i -
o u s dilutions and calculated the values of log£ n i a x wi th the concentra t ions of 
the w a t e r in every case at the bands of 1,02 and 0,99«. At both bands t h e 
absorbabi l i ty increased wi th increasing concentrat ion of the salt re fe rence to 
t h a t of pu re wa te r . At the same t ime it was examined w h e t h e r the ions m e n -
tioned above possess their own absorption on th is r ange de te rmining the a b -
sorp t ions of t h e solutions wi th reference to water . 

In these cases, however , the absorption of l ight was not observed showing 
t h a t the ions possess no absorption on th is spect rum range. AZZAM [24] com-
puted by m e a n s of statistical mechanics t ha t t he hydra t ion n u m b e r of Li+ ion 
is six. The ion of Cs, however , does not hydra t e shown on the basis of densi ty 
measuremen t s [20] and par t ia l mole-volume [25], respectively. Moreover STEW-
ART [26] has shown — examining the alcoholic solution of LiCl — the p a r -
ticipation of bo th L i + and Cl— ions wi th the molecules of solvents in the de-
velopment of the cibotactic s t ruc ture of the liquid. G A N Z [23] s tudying t h e i n -
f luence of dissolved sal ts pointed out the slight ef fect of Cl— ions exer ted on 
t h e absorpt ion of wate r . It is known, however , t h a t t he complex-format ion 
.starts at h igher concentration, which, in GANZ's opinion, would decrease t h e 
•effect exer ted on the absorption of water . 

Considering the afore-said s ta tements LiCl .H 20 would exert an effect on 
t h e molecules of wate r . In spite of th i s ef fect the absorbabil i ty of the solu-
tion increased. The same w a s shown in the case of CsCl, though to a g rea te r 
-degree. It was repea ted ly verif ied that, t he band a t 1,2(u m a y be a t t r ibu ted to mole-
cule-associat ion. Accordingly, the increase of the absorpt ion means t h e increase 
of the n u m b e r of associated molecules. Taken into considerat ion STEWART'S 
-statements, Li+ and Cl— ions may be supposed to p lay such a role as the nuclei 
in fo rming t h e associata wi th the molecules of t h e solvent involving the in -
crease of the concentrat ion of the associated molecules and consequently t h a t 
of the absorbabil i ty. The absorption was found grea te r in the case of t h e so-, 
lut ion of CsCl t han in tha t of LiCl. Its possible reason is t h a t Cs+ ions d o 
not hydra te , t h u s t he re is no binding of w a t e r molecules. So it m a y be in te r -
pre ted the appa ren t contradiction tha t t he ment ioned ions, t h o u g h t h e y do 
"not possess the i r own absorption, still increase the absorpt ion related to w a t e r . 

c) Series of Ni(Cl04)., solutions. Coloured meta l ions possess defini te absorp-
tion in the visible range a t t r ibuted to the electrons of 3d-orbi tal [28], [29], [30]. 
The question arises, w h e t h e r the bands in the nea r i n f r a r e d a re of electronic ori-
gin. DREISCH and KALLSCHEUER [31] s tudying var ious Cu, Ni and Co salts 
found qual i ta t ively and quant i ta t ively the same absorpt ion in t h e near i n f r a r ed 
.shown by the salts of the same cation wi th var ious anions except the cupric ace-, 
t a t e . The s tudies were extended also on the solutions of o ther coloured metal sal ts-
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-with s imilar resul ts [5]. Besides it was s ta ted t h a t the spectra of all t he solut ions 
of sal ts examined showed more or less a f ine s t r u c t u r e and t h e absorp t ion b a n d s 
of the same cation b u t wi th var ious an ions d i f fe r f r o m each o ther only in t h e f ine 
s t ruc ture , which can be expla ined by t h e appea rance or ar is ing of the e f fec t of 

"hydrated ions. S tudy ing the in f r a red spect ra of Co-amine complexes [32] 
v ibra t iona l b a n d s in t h e f a r i n f r a r e d w e r e found , t h e over tones of which m a y 

s p r e a d to t h e n e a r i n f r a red . On the o ther hand , def in i te electronic b a n d s w e r e 
rfound in t h e nea r i n f r a r e d invest igat ing u r a n i u m a n d p l u t o n i u m sa l t s [33]. 

- 2 

KJ 

- 3 

t i —M II 4 0 

Tig. 3. Series of HCIO, measured with reference to air. calculated with concentra-
tion of H..O 

Cone, of HCIO, Cone, of HCIO, 
1. 5,128 mol/1 3. 3.369 mol/1 
2. 4,542 „ 4. 0,761 

For f u r t h e r examina t ions Ni(C10,)„ was used as t h e Cl~ ions m a y have 
.an ef fec t on the absorpt ion of wa te r and owing to t h e slight complex - fo rming 
abi l i ty of the C104~ ions [3], [35], [36]. In a series of examina t ions t h e e f fec t of 
HClOj on t h e absorpt ion b a n d s of wa te r h a s been s tudied (Fig. 3). In J O R G E N -
SEN's s t a t emen t [6] the HCIO., exer t s only a t h i r d of the e f fec t of t h e HNO : ; . 
Our examina t ions , ex tended to the n e a r in f ra red , s ta ted t h e appearence of a 
new band a t about 1,3 a and t h e slight shi f t of t h e b a n d at about l,2(u. to t h e 
s h o r t e r w a v e lengths. The increasing concentra t ion of t h e HC104 increased t h e 
-absorption. These ef fec ts m a y be assumed to b e due to t h e fo rma t ion of H-,0+ 
ions. Namely , LECOMTE [37] observed the appearance of n e w b a n d s at about 
"5,4 and 2,4«. a t t r ibu ted to hyd ra t e bond of H?0—HC1 a n d H a b + ions, 
respectively. Owing to the appearance of a n e w band also a t abou t l,3/.t fo r 
the series of a lcohol-water w i th reference to alcohol, t he close a g r e e m e n t be t -
ween t h e v ibra t iona l energy of the h y d r a t e bond of H 00—HCIO. , and t h a t of 
the a lcohol-water associa tum m a y be assumed. The e f fec t s themse lves a re not 
too strong, t h u s the e f fec t of CIO4" anions has to be sl ight fo r me ta l perchlorates . 

In t h e serial m e a s u r e m e n t s wi th the solution of №(010.,)., of va r ious con-
cen t r a t i ons wi th r e fe rence to air and comput ing t h e ext inct ion w i th the con-
cent ra t ion of water , t h e g radua l appearance of the t w o we l l -known absorp t ion 
b a n d s of w a t e r w a s observed when decreasing t h e concentra t ion of N i * * ion 
(Fig. 4, a. series). On the o ther hand de te rmin ing t h e spec t rum wi th re fe rence 
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to solvent and comput ing the ext inct ion wi th the concent ra t ion of Ni-5-4" iort 
a twin band was observed a t abou t 1.12 u. which more or less obeys the BEER's-
l aw (Fig. 4 b. series). The ext inct ions of spec t rum series w e r e calculated: 

• C/V/ -F- NW -CW 

• CH/ 

w h e r e Hsi means the molar ext inct ion coefficient of Ni(C104)., (on the bas is 
of the data of Fig. 4 b.), e w i s the molar ext inct ion coeff ic ient of wa te r (on. 
t h e basis of Fig. 1), c m and c w mean the concentra t ions of Ni(C104)2 and wa te r , 
respectively. The deviat ions be tween the observed and calculated extinctions; 
a re positive and t ak ing the f luc tua t ions as exper imen ta l e r ror , constant . Owing: 
to the posit ive deviat ion t h e Ni(C104)2, apa r t f r o m its own absorpt ion, in— 

Fig. 4. a: Series of Ni(C104)... measured with reference to air, calculated with the-
concentration of HsO (concentration values in Table 5.; values of log £ 
on the right). 

b: Series of Ni(C104);> measured with reference to H..O, calculated with. 
the concentration of Ni(C10,)._, (values of log e on the left). 

Cone, of Ni(C10.,); 

1. 
2. 

Cone, of Ni(C10,),. 
mol/i 3. 

4 . 
0 , 5 6 9 
0 , 4 1 9 

mol/i 1.011 
0 , 7 6 3 

Series of Ni(C10,,)» in the mixture of alcohol-water measured 
ference to the same mixtures of solvents, calculated with the 
tration of NifClO,)... (values of log e on right). 

Cone, of Ni(C104)L, Cone, of C2H;OH Cone, of H..O 
3.565 mol/1 
7.665 

14,432 
2 0 , 0 0 2 

with re-
concen-

1. 
2. 
3. 
4 . 

0 . 0 7 8 
0 . 0 8 8 
0 , 0 9 2 
0 , 0 9 9 

mol/1 4 6 . 1 5 6 
3 5 , 9 0 4 
18.602 

4 . 3 5 7 

mol/1 
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-creased t h e absorbabi l i ty of the w a t e r re la ted to p u r e water . Thus it was assu-
aried tha t t h e own absorpt ion of Ni -" + ion presen t dominates in the solution. Th is 
w a s ver i f ied by the ser ies of m e a s u r e m e n t s followed. Making severa l m i x t u r e s 
o f nea r ly identical concentrat ions of Ni (CIO4) 2 bu t w i th var ious a lcohol -wa 7 

t e r ra t io the spectra were de te rmined w i t h re fe rence to the m i x t u r e of the 
..same a lcohol -water rat io (Fig; 4 c. series). T h e curves of the spect ra have the 

» .same slopes thus suppor t ing the i r e lectronic origin. Should this1 band be a t t r i -
bu ted to t h e ground vibra t ion or to the over tone of a n y ground vibrat ion, t he 
var ious mix ing rat ios of t he solvent m i x t u r e would have an ef fec t on thé v ib -
ra t ional s t a t e of the solvated "Ni+ + ion which would resul t a change in t h e 
.spectrum. 

The spect ra of the same series were de te rmined in the range of 700 m a 
wi th re fe rence to a lcohol-water m i x t u r e bu t f ind ing the band of each solution 

.at the same place proves t h a t t h e cause of t h e appearance of this band in t he 
visible r a n g e is identical w i th t h a t of t h e band, in the near in f ra red . The cor-
rectness of our assumpt ion is proved also by BALLHAUSEN's recent ly p u b -

l i shed quan tummechan ica l calculat ions [38]. 

T h e a u t h o r s wish to express the i r apprecia t ion to Prof . A. KISS for h i s 
. interest and he lpfu l advice in the course of t he i r work. 
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