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Abstract-When using the alkali-halide disk technique in infrared spectrometry we noticed that 
moisture from the atmosphere can penetrate into a KBr disk, causing recrystallization of the 
KBr. A critical relative humidity was observed above which moisture is taken up. This value 
depends on the fineness and structure of the KBr; for optical grade, handground KBr (Merck) it 
is about 70 per cent. “Wet” disks lose water if stored in an atmosphere of a lower humidity; 
replaced in the original atmosphere, they take up water again but to a lower extent. 

In order t,o study the water sensitivity of KBr disks containing a sample, KSCN was used. 
KSCS has two C-N stretching bands dependent on the form in which it occurs: as a solution at 

4.84 ,u and in the solid phase at 4.87 ,u. The latter can be converted into the former by water 
uptake of the disk; on drying of the disk the band is shifted back to its original wavelength. 

In the disk are small cracks through which condensed moisture and dissolved sample can be 
transported. This is demonstrated by the behaviour of KSCN. If a KBr disk, containing a 
single KSCN crystal completely surrounded by carrier material, is exposed to a moist atmosphere 
the KSCN is transported through the whole disk. 

The same t,ransport. due to the presence of water in a disk, was observed with a number of 
similar inorganic salts. Sometimes the accompanying bandshifts could be eliminated by drying, 
sometimes t,hey persisted, probably indicating that a solid solution has been formed. In the 
absence of water none of these phenomena were observed. 

1.nteraction between sample and water can be demonstrated also with D,O. In a moist D,O 
atmosphere active H atoms of sample molecules in a disk are substituted by D atoms. This 
phenomenon can be applied successfully in structure determination. 

Introduction 
THE KBr disk technique is a valuable sampling method in infrared spectrometry. 
A number of substances however, show or can show anomalous spectra if prepared 
according to this method (e.g. benzoic acid). If a disk containing benzoic acid in 
the anomalous form is exposed during some time to an atmosphere with a rather 
high relative humidity a complete conversion into the normal form of the acid 
takes place, as was found some time ago in our laboratory [ 11. 

The work presented here deals with: 
A. The water content of KBr disks. 
B. Redistribution of sample material by penetrating water. 
C. Conversions caused by water. 
D. The use of a D,O atmosphere. 

Methods and materials 
In the experiments two kinds of KBr were used: 3lerck reagent grade and Merck optical 

~~ ~~- 
* This paper was presented at the &fth European Clongrexs on i\lolecular Spectroscopy, Amsterdam, 

39 May-3 June 1961. 

[ll .r\. TOLK, Spctrochim. A&c 17, RI1 (1961). 
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grade resp. After grinding in an agate mort,ar, these materials were stored at about 130°C ready 
for use. The sample materials were reagent grade. 

The atmospheres u-ith distinct relative humidities were obtained with the help of saturat#ed 
solutions of I.&I, K,C’O,, KaBr, NaCl and Na$&O, giving relative humid&es of respect,ively 12, 
44, 57, 75 and 78 per cent at room t,emperature according to ROCKLaND [2]. 

Different amounts of sample and always about 300 mg K.l3r were mixed in an agat,e mortar 
and put into an evacnablo die with splittable cone (Internal diameter 13 mm) according bo 
SCHIEDT 131. The mixture was evacuated for 3 min and then a pressure of 12 t#ons was applied 
for 3 min nnder maintenance of the vacuum. 

The spect’ra were recorded with a Prrkin-Elmer 21 spectrophotomet,er linear in wavelength 
and equipped with a NaPI prism. 

Expe~ments, results and discussion 

A. The water con.tent of KBr disks 

We investigated the amount of water which is taken up by disks if they are 
stored in atmospheres with various relative humidities. The amount was calcu- 
lated from t’he IR band at 2.9 ,LJ, using an extinction value of 1.85 per mg H,O [4]. 

The results are given in Table 1 for two kinds of KBr and for KBr containing some 
KSCN. 

Table 1. The water-content in pug per disk of about 300 mg KBr. First. number: instantly 
after pressing; Second number: after 96 hr storage at the indicated relative humidity. For the 

experiments with KSSC’N 0.2 mg of this salt was mixed with about 300 m,g KBr. 

Relative humidit~y 
I 
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As can be seen there is no great difference between optical and reagent grade 
KBr. At a relative humidity of 57 per cent or lower no water is taken up. At 
7.5 per cent or higher the water uptake is significant (O-007 mol H,O/mol KBr). 
Since stable crystals of KBr absorb water only at a relative humidity of 84 per 
cent [5], we must conclude that the KBr in the disk, or part of it, is present in a 
less stable state. 

Furthermore we observed that “wet” disks lose water if stored at lower 
relative h~l~lidit,ies; replaced in the original atmosphere they take up wat,er again 
but to a lower extent. 

The KBr disks, containing some KSCN show a significant increase in water 
uptake. At 44 per cent it is quite considerable already. Since the critical relative 

[a] L. R. Roc~i~ahm Anrrl. Chm. 32, 1375 (1960). 
[3/ U. fkHIFDT, 2. N&u$mch. Sb, 66 (1953). 
L-S] A. Tot& Thesis. Universit.v Utrecht (19.59). 
[5j J. OBERYILLIZ:IE and &I. GOERTZ, 2. physik. Chem. Lsipzig 109, 115 (1921). 
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humidity for KSCN (pure) is about 47 per cent [5], the water uptake of KBr disks 
containing a solid sample, seems to be influenced by the properties of this sample. 

B. Redistribution of sample material by penetrating wa,ter 

For these experiments disks containing some KSCN were used. Dry KBr 
(300 mg) and KSCN (0.2 mg) were mixed carefully and directly after pressing a 
spectrum was run. A very small water band at 2.9 ,u was observed and a rather 
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Fig. 1. The C-N stretching vibration of KSCN. Curve (a) After pressing. 
(b) After storage at 57 per cent relative humidity. (c) After drying. 

strong band at 4.87 p due to the C-N stretching vibration of KSCN in the solid 
state (Fig. 1, curve a). 

After 3 hr storage at a relative humidity of 57 per cent the spectrum showed a 
very strong waterband at 2.9 ,u, while the maximum of the C=N stretching band 
was shifted to 4.84 p (Fig. 1, curve b). 

Drying of the wet disk above P,O, in vwuo resulted in a spectrum with little 
or no water absorption at 2.9 ,U and a CrN stretching band at 4.87 ,U which is even 
stronger then before the water treatment (Fig. 1, curve c).* 

Since a KSCN solution in water absorbs at 4.84 ,u [7] the KSCN in the wet 
_ 

* IIue to t.his sensitivity for moisture KSCN cannot be used as internal standard as proposed by 
WIBERLEY et nl. 161. 
IS] S.E. WIBERLEY,J. W.SPRAGUE and J.E.~AMPBELL, Anal. Chem29,ZlO (1957). 
[‘i] L. H. JONES, J. Chem. Phys. 25, 1069 (1956). 
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disk is hydrated to a structure, resembling or even identical with, its structure in 
water solution. We therefore are inclined t,o assume the following mechanism: 
water from the surrounding atmosphere condenses and penetrates into the disk 
through small cracks. The KSCN particles are hydrated or even dissolved, and the 
SCN ions are transported through the whole disk, resulting in a more homogeneous 
distribution of the KSCN. On drying the water evaporates, while the KSCN 
crystallizes into smaller particles then before, resulting in a stronger absorption at 
4.87 p. Perhaps it even forms a solid solution in KBr. 

Besides, the transport of the SCN ions by the penetrating water was demon- 
strated as follows: a small KSCN crystal was mounted excentrically in a disk in 
such a way that it was completely surrounded by KBr. This disk did not show a 
KSCN spectrum because only the centre part of the disk is used for absorption 
measurements. Storage of the disk for some weeks in a dry atmosphere had no 
effect. After storage during 20 min in an atmosphere with a relative humidity of 
57 per cent however, the 4.84 ,u band appeared. After storage for I$ hr this band 
was strong. A superficial study of the disk using the Perkin-Elmer micro-illumi- 
nator showed that the water and thiocyanate concentrations were high in the close 
vicinity of the KSCN particle. The concentrations decreased with increasing 
distance. 

From another disk treated in the same way we determined after drying the 
thiocyanate concentration, again with the help of the micro-illuminator. along the 
X- and y-axis. The results are given in arbitrary units in Fig. 2. using the 4.87 ,u 
band for calculations. They are in agreement with the expectations. 

So we may conclude, that water from the surrounding atmosphere enters the 
disk where the crystal(s) is (are) embedded; it dissolves the sample and transport’s 
it, through the whole disk. 

M7e have found that potassium acetate, KNO,, KNO,. NH,SCN, KHF, and 
NH,HF, are transported also (at relative humidity of 78 per cent), though there is 
a significant difference in transport speed, presumably due to the difference in 
solubility, e.g. NaHF, is transported very slowly and is indeed less soluble. 

C!. Conversions caused by water 

Water proved t,o initiate conversion of a salt in a disk as was found by V&TN‘;. 
[8] in the case of some nitrates. 

We observed this phenomenon also with NH,SCN: a KBr disk containing 
some ammoniumthiocyanate remains unchanged if the disk is perfectly dry. After 
storage during 60 min at a relative humidity of 78 per cent and drying afterwards. 
the spectrum in the lo-11 ,u region indicat’es that the NH,SCN has been trans- 
formed: the bands at 10.5 and 10.7 p are shifted to IO.3 and 10-5 y respectively 
(Fig. 3, curve a and c). Recording the spectrum after 30 min without drying. 
shows that the conversion has taken place only partially. (Fig. 3. curve b). 

This phenomenon can be due to either a conversion of ammonium into potas- 
sium thiocyanate, or to t,he formation of a solid solution in KBr. In the last case 

[S] F. VRdTN+,J. Inorg.& A7uclear C’hem. 10, 338 (1939). 
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we must assume that the spectrum of the SCN ions surrounded by K+ and Br- 
ions is the same as that of pure KSCN, because the spectrum of this salt is not 
shifted after ageing and drying, as we saw before. 

If disks with respectively K, NH, and NaHF, are exposed to a moist atmosphere 
(78 per cent) new bands are observed at 6.55 and 7.98 p in all cases, belonging to 
HF,- vibrations. KETELAAR eE al. [9] ascribe these new bands to the formation of 

C 

1 
orlglral 
locotlon of 
KSCN CryStol 

Tmnsmissio 

T 

/ I 

lO,O .3 *5 ,7 I 
Fig. 3. The conversion of NH,SCN 
followed in the lo-11 ,U region. (a) 
Directlgafterpressing(noconversion). 
(b) After 30 min storage at a relative 
humidity of 78 per cent (partially 
converted). (c) After 60 min storage 
and drying (completely converted). 
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Fig. 3. The KSCN concentration C 
(in arbitrary units) in small vol- 
umes of a disk along the zz- and y- 
axis, as indicated in this figure. 

mixed crystals; the original vibrations of the HP, ions correspond with bands on 
other places. 

We have found that the shifts do not occur if water is absent, e.g. a disk con- 
taining NH,HF, after storage for three months above P,O, showed still the same 
spectrum as instantly after pressing. In a moist atmosphere however the original 
HF, bands of the K and NH, salt disappear completely during ageing; those of 
fhe Na salt nearly and after a longer ageing period. This is presumably due to the 
small transport speed as mentioned earlier. In our opinion it is probable that in 

all three cases solid solutions occur. 

[9] J. ,4. A. KETELAAR, C. HAAS and J. VAN DIR ELSKEN,.~. Chem. Phys. 24, 624 (1956). 
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Comparing these results with those obtained with NH,SCN we are inclined to 
suppose that there too the formation of a solid solution is possible or even likely, 
though a definite judgement cannot be given yet. 

Our over-all conclusion is that the presence of wat’er is essential for the con- 
version of a sample in a KBr disk and that this water can be taken up easily from 
the surrounding atmosphere. 

D. The use of a D,O atmosphere 

For an application of the results discussed above deuteriumoxyde was used. 
If a disk containing a sample is stored for a couple of hours in a moist D,O 

atmosphere (relative humidity 75 per cent), active H atoms of the sample molecules 
can be substituted more or less by D atoms from the penetrated D,O. This will 
cause significant bandshifts, which can be applied in structure determination. 

Such experiments were done with: benzoic, cinnamic, salicylic and phthalic 
acid and with resorcin, a-naphthol, androsteron, urea and acetamide. In all these 
cases bandshifts have been observed indeed. 

Acknowledgements--The authors are indebted to Prof. Dr. Ir. J. HMITTEKBERG for t,he facilities 
to carry out this investigation and to Miss A. M. WEYSELIUS, who did most of the experi- 
mental work. The investigations have been performed under the auspices of t,he Netherlands 
Foundation for Chemical Research (S.O.N.) and with financial aid from the Setherlands 
Organisation for the Advancement’ of Pure Research (Z.W.O.) 


