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Viscosities and Densities of Binary Mixtures
of Dimethyl Sulphoxide with Water, Acetic
Acid, Chloroform and Benzene

J. Johan Lindberg and Rabbe Laurén

Department of Chemistry, University of Helsingfors, Finland,

It is a well known fact that very high maxima oceur in the
viscosity curves of binary mixtures of many organic liquids
(aleohol, acetic acid ete.) and water (1), which has been attri-
buted to the formation of molecular complexes. In agreement
with the gemeral tendency of dimethyl sulphoxide (DMSO)
to associate with proton donors (2) a similar, very pronounced
maximum in the viscosity curve has been reported for the system
DMSO-water (3) (4). Owing to the remarkable solvent proper.
ties of DMSO, which ean be used for various secientific and tech.
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nical purposes (5), it seoms very desirable to investigate the
gclancx-a]i t;Enda o{f 1)..110 viseosity of DMSO :m_ui its dynamic solvent
structure in terms of activation energy of \rlscmmdt;ln-w.nTharefrc_)‘::'c,
viscosity measurements at three temperatures 25° 35" an d 45 0,
have been carried out on binary solutions of DMSO in acetic
aecid, chloroform and benzene. For reference {l.i:ftl comparison
purposes the viscosity data of the system DMSO-water have
been determined again, . _ ) '
Reagents. DMSO, pro analysi benzene and“pro analysi ;Lca;tuf
acid were purified as described before (6) (7) (8). Pro analysi
chloroform was washed with water, rvedistilled and dried over
anhydrous potassium carbonate. The water used was freshly
distilled, } _
Measurements., The viscosity meastrements were ?itrlmd out
in Ostwald viscosimeters, previously calil.:mt.r-_-.d.agu.mfst water,
acetic acid and benzene at 25°, 35° and 45°C using a quadratic
formula (9). All measurements were performed in thermostates
and the flow times were normally about 1—3 minutes. The
accuracy of the data obtained seems to be about 4 0.3 percent
Df'i?']'le densities needed for the ealoulation 0#’ the viscosities
were partially taken from previous mvestigations (6) (T)r’zmd
partially measured with an Ostwald pyenometer, about 5 ml
in volume, ut the temperatures mentioned, i
Results and Discussion. The results of the measurements of
densities and viscogities are collected in Tables 14 m]c_lolilg. 1.
The viscosities of anhydrous DMSO at 25° 35° and 45°C were
found to be 2.000, 1,659 and 1.395 eps respectively, Values of
1.96 (10), 1.99 (3), 1.89 (11), 2.2 (12) and 2.003 cps (4) at 25
and 1.394 (4) and 1.038 (4) at 45° and 65°C respectively ha!,ve
been reported. Owing to differences in mothods of .pumfwm.mn
and construction of the viscosimeters used by varions authors
it is difficult to decide between the reported data. I-Iuwaver:z
the last mentioned data obtained by Cowie and Toporowski
(4) are in best agreement with our own. It seems that, as stated
by Cowie and Toporowski, already very small amounts of
water have a strong influence on the viscosity, Thus, the magni-
tude of this constant seems to be one of the most sensitive
criteria of the dryness and purity of DMSO. Our density data
are also in good agreement with those reported by Cowie and
yporowski. wm T
* ]I'*?mm Fig. 1. it is evident that the viscosity of DMSO in :u.:uxt.u.-
res of different liquids varies strongly. Thus, a strong maximum
is observed in the curves of the systems DMSO-water and D’MS'O-
acetic acid, and a smaller one in the case of DMSO—OH(_ZI?.
On the other hand, the system DMSO-benzene shows a mini-
mum in the same conditions. It is also of interest to note that

— 39 __

Xpmso

T

0 0.5

Fig. 1. Viscosities of binary mixtures at 25°C. A. DMSO-water. B. DMSO-
acetic acid. C. DMSO-chloroform. D, DMSO-benzene.

in the two first mentioned cases the extreme values are found
in the same region 7e. at about Xpuso = 0.3 — 0.5 where also the
thermodynamic values show maxima or minima, Thus, ag already
previously stated (2) (4), in the case of DMSO-water a molecular
complex of 1:2 type seems to be present. In the case of DMSO.-
acetic acid a molecular complex must also be assumed.
Previous thermodynamic and dielectric data give no reliable
information concerning the structures of the complexes formed.
However, it seems, judging from investigations on the systom
DMSO-benzene (13), that intermolecular honds are formed

Table 1. Densities and viscositics of DMSO-water mixbures at 25° 35° and 45°,

X 25 25 35 35 45 45
Dmso d 4 7 cps d 4 n cps d 4 n cps
0.0000 0.99707 0.890 0.9941 0.719 0.9903 0.596
09717 1.0417 1.854 1.0360 1.442 1.0298 1.139
.2026 1.0725 3.030 1.0652 2.303 1.0574 1.761
.3208 1.0899 8.741 1.0820 2.819 1.0730 2.149
4137 1.0962 3.664 1.0876 2.790 1.0781 2.162
5054 1.0991 3.344 1.0896 2.583 1.0800 2.044
5937 1.0995 2.976 1.0896 2.336 1.0805 1.874
.6965 1.0988 2.602 1.0888 2.095 1.0796 1.705
.8321 1.0975 2.264 1.0872 1.848 1.0772 1.630
.9096 1.0967 2.124 1.0864 1.747 1.0762 1.457
1.0000 1.0958 2.000 1.0859 1.659 1.0757 1.395
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Table 2. Dengities and viscosities of DMSOQ-acetic acid mixtures
at 25°, 35° and 45°C.

25 35 35 45 45
cps d4 7 cps d 4 K cps

0.0000 1.0438 1.121 1.0327 0.966 1.0216 0.834
0978 1.0599 1.755 1.0494 1.458 1.0386 1.229
.1997 1.0717 2.299 1.0615 1.876 1.0513 1.652
.2991 1.0795 2.631 1.C697 2.142 1.0598 1.762
.4069 1.0856 2.728 1.0756 2.228 1.0658 1.840
5247 1.0883 2.661 1.0788 2.170 1.0692 1.784
.6036 1.0900 2.465 1.0805 2.034 1.0710 1.694
.7038 1.0918 2.303 1.0824 1.910 1.0723 1.691
.8040 1.0932 2.178 1.0832 1.804 1.0734 1.607
.9030 1.0943 2.081 1.0847 1.733 1.0746 1.443

1.0000 1.0958 2.000 1.0859 1.659 1.0757 1.395

X 256
DMSO d 4

Table 3. Densities and viscosities of DMSO-CHCI, mixtures at 25°, 35° and 45°C.

22 25 d35 35 d45 45

b4
DMSO d n cps 4 " cps 4 ki ops

0.0000 1.4794 0.542 1.4614 0.485 1.4412 0.442
.0955 1.4537 0.642 1.4379 0.576 1.4192 0.527
.2039 1.4133 0.839 1.3983 0.738 1.3818 0.682
.3021 1.3781 1.018 1.3632 0.882 1.3475 0.800
.4068 1.3371 1.227 1.3233 1.067 1.3095 0.915
.5023 1.2973 1.366 1.2873 1.171 1.2733 1.011
.6044 1.2686 1.498 1.2476 1.276 1.2344 1.097
.7038 1.2183 1.611 1.2071 1.366 1.1950 1.171
.8047 11757 1.729 1.1661 1.458 1.1535 1.246
.9014 1.1367 1.842 1.1270 1.546 1.1163 1.309

1.0000 1.0958 2.000 1.0859 1.669 1.0767 1.395

Table 4. Densities and viscosities of DMSO-benzene mixtures at 25°, 35° and 45°C

5 5 4 4
0.0000 0.603 0.0000 0.8630 0.520 0.85256 0.461
.0897 0.665 .0997 0.8827 0.574 0.8728 0.5607
.1865 0.738 .2027 0.9033 0.637 0.8936 0.562
.2923 0.823 .30656 0.9248 0.709 0.9149 0.629
.4023 0.928 .4036 0.9449 0.785 0.9356 0.693
4823 1.015 4977 0.96563 0.882 0.9560 0.776
5801 1.132 5962 0.9874 0.994 0.9777 0.873
6628 1.254 .6892 1.0088 1.108 0.9991 0.955
7832 1.442 L7962 1.0335 1.261 1.0241 1.082
8789 1.664 8992 1.0591 1.441 1.0498 1.227

1.0000 2.000 10000 1.0859 1.659 10757  1.395
ia the direction of the lone electron pair in the oxygen or sulphur
atoms in DMSO. Thus the DMSO-molecules ean interconnect
H,O-chains and vice versa, forming extended structures of the

type:
...HOH...(DMSO)...HOH...

*) The density values are obtained through interpolation from ref. (7).
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This view is also supported by infra-red and Raman-spectra
of moist DMSO (14), which show that both the stretching and
the deformation frequencies of the OH-group in the water
molecule are strongly influenced by the presence of DMSO-
molecules.

In the case of acetic acid the opening of the dimer ring and
the formation of hetero-molecular dimers or chain structures
of the type

...0 = O(CH,)OH... (DMSO)... 0 = C(CH,)OH...

seems to explain the maximum observed in the viscosity curve.

In the case of the system DMSO-benzene it is evident from
previously obtained thermodynamic and dielectric data (7)
(13) (15) that there is only a weak interaction between the
components. For the system DMSO-CHCl, on the other hand,
judging from ecalorimetric data (16), the interaction Dbetween
the two molecular species is considerable and probably eaused
by the »acid» hydrogen atom in chloroform,

Heat of Activation of Viscous Flow. Owing to the marked
anomalities, shown by the systems DMSO-water and DMSO-
acetic acid no such simple relations as those developed by
Kendall (17) or Sachanov and Rjachowsky (18) (19):

(1) log @ = x,log @, + x,log @,
and
(2) N = X% + 2 XXg015 + X0,

where @ is the fluidity (=1/%n) are applicable. On the other
hand, in the case of the more ideal systems DMSO-CHCI; and
DMSO-benzene Eq. 2 seems to give reliable results.

Table 5. Activation energies, AH,, of viscous flow at 25°C of binary
mixtures containing DMSO.

AHy for the system DMSO-

*DMSO H,0 |CH,COO0H| CHCl, C,H,
0.0 3.9 2.7 2.0 2.7
A 4.6 3.3 2.2 2.8
2 5.0 3.7 2.3 2.9
3 5.2 3.8 2.6 3.0
4 5.0 3.7 2.7 3.1
5 47 3.6 2.8 2.9
.6 4.3 3.5 2.9 2.8
R 4.0 3.4 3.0 2.8
8 3.7 3.4 3.1 2.8
9 3.6 3.4 3.2 3.1
1.0 3.4 3.4 3.4 3.4

*)} The values are given in keal/mole,
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A plot of log # (cps) against 1)T (not reproduced) shows that
both the mixtures investigated in the temperature range stu-
died and also pure DMSO (12), only roughly cbey an Arrhenius—
type of equation:

(3) n = A exp (E/RT),

partially owing to the change of state of the association bonds
in the mixture with temperature. However, when using the
same temperature, e.g. 25°C, as a point of reference it seems
convenient to analyze the flow parameters in terms of the
Eyring equation (20):

(4) 7 = Nh/v, exp (—AS,/R)exp (AH,/RT)

where v, is the molar volume of the liquid mixture in question
and AS, and AH, the entropy and enthalpy of activation
respectively. From Equ, 3 and 4 and the data given in Tables
I—4 the enthalpy of activation can be calculated and AH,
may be identified with B. The AH,-values of the systems
mvestigated are given in Table 5.

From Table b it is evident that the energy of activation value,
AH,, of pure water is only slightly higher than that of pure
DMSO, but considerably higher than those of the other pure
compounds., Furthermore, the AH -Xpye, curves have dis-
tinct maxima at the same points where, in general, the physico-
chemical properties of the systems show extrema. It is of special
interest to note that the excess enthalpy of activation®) at the
maximum in the system DMSO-water is about 0.8 keal/mole
greater than for the system DMSO-acetic acid, although the
heats of mixing are nearly the same (21) ie. about -0.7 keal/
mole.

Summary

The densities and viscosities of the bhinary systems dimethyl sulphoxide-
water, -acotic acid, -chloroform and -benzene at 25° 35° and 45°C have been
determined in the whole range of concentrations. The results have been dis-
cussed in terms of the struetures of the solutions and of some empirical relations
for the viseority of mixtures, The enthalpies of activation for viseous flow of
the systems have been determined.

Acknowledgement. The authors wish to record their indebted-
ness to the Svenska Tekniska Vetenskapsakademien i Finland
for financial aid.

E
*) The excess enthalpy of activation AH, is here defined by the equation:

E
(3 AHy = AHy — (AHy, . x; + AH,, . x,)

AHy, and AH,, denote the enthalpies of activation of viscous flow of
the pure components and x; and x, their relative concentrations in the
mixture. AH, is the experimentally determined enthalpy of activation.
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Extraction of Albumins and Globulins of
Barley Grain.

T.-M. Enari, M. Nummz, J. Mikola and V. Mikinen.

Laboratory of Brewing, Helsingfors, Finland

The effect of grinding, extraction time and extracting
solvent on the extraction of water-soluble proteing (albu-
ming) and salt-soluble proteins (globuling) of barley grain
has been studied. The best results are obtained when the
albumins are - extracted separately with water and the
globulins are extracted from the residue with salt solutions.
Different extraction methods can be used depending on
the purpose and the analytizal methods used for fractio-
nation of the extracts.

The study and fractionation of the whole salt-soluble fraction
of barley grain proteins as such is very laborious and difficult,.
The task is much less diffioult if the water-soluble albuming and
the salt-soluble globulins are first separated from each other.
This can be achieved by two different procedures.

The albumins and the globulins can be extracted together with
a salt solution. When the extract is dialyzed against water the
globulins are procipitated and the albumins together with a small
amount of globulins are left in solution. The precipitated glohu-
lins ean then be redissolved in salt solutions.

In the other procedure the albuminrs are first extracted with
water and when no more proteins are extracted with water the
globulins are extracted with a salt solution, In this procedure the
albumin extract usually contains some globulins due to the salts
contained in the barley grain. The globulin extract may also
contain some albumins which have been adsorbed by the barley
flour and released by the salt solution,

Material and methods

In all experiments bavley of the Finnish six-row variety Pirlika was used,

The protein content of the extract was determined with sulfosalisylic acid !
as follows: 0.6 ml of the extract was addoed to 9.5 ml of a 3 9, sulfosalisylic acid
solution, The turbidity formed was measured in a Klett-Surmmerson colorimeter
using filter n:o 64 (540 mpy). The results are given as colorimeter readings and
called S8A-units,
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The 0.1 M barbital buffer used for extraction of globulins contained .81 g
sodium barbiturete, 6.475 g sodium acetate and 57.5 ml of 0.1 N hydrochloric
acid per litre., The ionic strength of this buffer is 0.1.

Preliminary experiments

Preparation of clear extracts. In the first experiments 10 g of
ground barley was extracted with 70 ml of water or salt solution
for 2 hours. The mixture was centrifuged but the extract obtained
was turbid and could not be cleared by centrifugation at 30.000
X G in one hour.

In the following experiments three different treatments were
applied in order to overcome this difficulty: Filtration through
finely divided pulp of filter paper?, filtration t-hroug}:} Hyflo
Super Cel and extraction of the finely ground barley W_Ll.h cold
acetone (—15°C) before the extraction of the proteins, in order
to remove lipids. The protein concentrations of the extracts
obtained were determined (Table I). The results show clearly
that a considerable part of the protein is adsorbed on the filter
in both filtration methods. When the barley is first treated
with cold acetone a clear extract is obtained and more protein is
extracted than without this treatment.

Table I, Protein concentration (SSA-units) of differently treated barley extracts.

r Filtration Filtration Preparation
through through Hyflo of acetone
paper-pulp Super Cel powder
Untreated sample 138 123 134
Treated sample 98 104 141

Preparation of stable extracts. When a salt extract of barley
grain is dialyzed against water or lyofilized or left ataa'ldm g over-
night or precipitated with ammonium sulphate an irreversible
precipitate is formed. .

In our experiments we found that an addition of eth.ylene—
diaminetetraacetic acid (EDTA) prevents the formation of
irreversible precipitations on standing. The EDTA (2 g/l) was
added to the salt solution or the water used for the extraction
of the proteins. The pH of the solutions was adjusted to 7 with
sodium hydroxide before the extraction of the bfu'ley. o

The amount of protein extracted with solutions containing
EDTA was the same as without EDTA but the solutions were
stable. No precipitate is formed when they are left standing
for 3—4 days.
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The addition of EDTA also prevents the browning of extracts
during standing. Since it is known that the polyphenol oxidases
are copper containing enzymes the effect of EDTA can be due
to an inactivation of these enzymes. This inactivation prevents
the formation of large molecular polyphenolic compounds which
precipitate protein.

EDTA does not prevent the formation of irreversible precipi-
tates on precipitation with ammonium sulphate or during dialyz-
ing. These precipitates are obviously of another kind, presum-
ably phytine and carbohydrate complexes. If the extract is left
standing for some days both carbohydrates and phytine are
hydrolyzed 2.

The EDTA and other small molecular substances were remo-
ved together by gel filtration on Sephadex G-25.

Effect of salt concentration and pH. When all the salt soluble
proteins are extracted together, sodium chloride or potassium
sulphate solutions are usually used. We used sodium chloride
solutions with an addition of barbital or phosphate to buffer
the solution to the pH desired. EDTA was also added to all
solutions. The effect of the salt concentration and of the pH on
the amounts of protein extracted can be seen on Table II and
Figure 1. The highest protein concentration was obtained in the
extract containing 0.3 M of sodium chloride and buffered with
a 0.1 M phosphate buffer to pH 7.0. This solution extracted
slightly more protein than the 5 9, potassium sulphate solution
used by Bishop 4.

Effect of temperature. Acetone powder of barley grain was
extracted with water containing EDTA at 3°C and 25°C. The

Table I1. Effect of salt concentration and pH on the extraction of barley proteins,
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== Bhosph
______ phosphate
=" o buffer pH 70
100 ) barbital buffer 01M
f pH72 0,05M
o barbital buffer
= pH70 0,01M
v
<
w
v 5ol unbuffered
o-----0 1,0 M NaCl
*—o 0,3M NaCl
50 6,0 7.0

pH of EXTRACT
Fig. 1. Effect of ionic strength and pH on the extraction of salt-soluble proteins.

extraction times were 1.5 and 2.0 hours. Determinations of the
protein concentrations of the extracts (Table ITT) show that the
temperature has little or no effect on the amount of protein
oxtracted. As working at a lower temperature is safer from the
point of protein denaturation it was decided to make the extract-
ions at refrigerator temperatures (5—6°C).

Table 111, Effect of temperature on the extraction of barley albumins.

Extracting solution Extract
NaCl Buffer pH pH Protein concentra-
M tion SSA-units
0.3 — 4.7 5.3 117
1.0 — 4.7 5.3 135
0.3 0.01 M barbital 7.0 5.8 194
1.0 0.01 M barbital 7.0 5.8 218
0.3 0.05 M barbital 7.2 6.3 225
1.0 0.05 M barbital 7.2 6.2 229
0.3 0.10 M phosphate 7.0 6.9 260
1.0 0.10 M phosphate 7.0 6.8 260
5% K80, * — — 6.1 240

*no EDTA added.

Extraction Extraction Protein concentration
temperature time of extract
°C hours SSA-units
3 1.5 95
3 2.0 100
25 1.5 97
25 2.0 101

Extractions of albumins

The effect of extraction time and grinding of the barley on the
extraction of the albumins separately from the globulins with
water was studied. According to our earlier experiments a weight
ratio of 1:4 for barley flour and water was ideal for the extrac-
tion experiments., When this ratio is used the extraction is
complete and the concentration of the extract obtained is well
suited for protein fractionations.
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Barley was ground with three different mills: a) a Wiley-type
mill (Casella) with a 1 mm sieve, b) a Miag-Seck vertical axis cone
mill giving a flour of the same finess as the Casella mill, ¢) a Miag-
Seck roller mill giving a much coarser grist than the other two
mills.

The ground barley was treated with cold acetone. 200 g of the
flour obtained was then extracted with 800 ml of water at +5°C
using vigorous agitation. Samples of 2 ml were taken at regular
time intervals and centrifuged at 25 000 r.p.m. for 30 seconds.
The protein concentrations of the clear extracts obtained were
determined (Fig. 2). ’

The curves show that the extraction is practically completed
in 30 minutes. The coarse grist obtained with the roller mill is not
suitable for extraction of the albumnins but the Miag-Seck cone
mill seems to be well suited for this purpose since it is very
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Fig. 2. Effect of grinding on the extraction of albumina, A = Wiley-type mill
(1 mm sieve), B = cone mill giving & flour of the same finess as A, C = roller
mill giving a coarse grist,
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efficient and heating of the barley is avoided, The effect of grind-
ing has earlier been investigated by Urion ef al 5. who found that
!‘Jhe amount of protein extracted with 5 % potassium sulphate
increased markedly with mcreasing fineness of the grinding
In the work of these authars the barley was ground for several
hours in a special mill and the amounts of protein extracted from
the barley were considerably higher than those of other workers.
With an extensive grinding the danger of denaturation of the
proteins increases and already with the Casella mill the barley
is heated to some extent. Therefore no attempts were made to
grind the barley finer, '

The amount of albumins extracted was determined in an
experiment in which 200 g of barley flour were first extracted
for 2 hours with 800 ml of water and then washed three times
with 400 ml of water. The results are given in Fig. 3.
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Fig. 3, Extraction of albumins with water, The blocks give the nitrogen con.
centration in the extracts; the curves show the total amount of trich lur.oacetic
acid precipitable nitrogen extracted. Full lines repregont the results obtained:
datted lines givo the result caleulated on the assumption that albuming aw:;
dissolved in the first extraction and the following extractions are only washing,
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Extraction of globulins

The globulins were extracted from acetone treated barley
flour which had been extracted repeatedly with water to remove
all tho albumins. The wet barley (corresponding to 200 g of
barley acetone powder) was extracted with 400 ml of different
solutions with vigorous agitation. Samples were taken and
treated as in the extractions of albumins. Five different extrac-
tion solutions were used: a) 2,5 % NaCl (0.4 M), b) 0,1 M barbital
buffer pH 8.6, ¢) 0.1 M barbital buffer pH 8.6 containing 2.5 %
NaCl, d) 0.2 M barbital buffer pH 8.6,e) 5 %, NaCl, f) 5 9%, K 80,.

From Fig. 4 it can be seen that solutions ¢ and d are the best
solvents for the extraction of the globulins. A comparison of the
curves also shows that the 0.1 M barbital buffer and a 2.5 9%,
NaCl solution have the same extracting power. As in the case of
albumins the extraction is completed within one hour, 30 minutes
being enough for the extraction of practically all the globulins.

The flour obtained from the experiment in Fig. 3 was extracted
with 400 ml of a 5 per cent sodium chloride solution for 2 hours
and washed afterwards three times with 400 ml of the same salt
solution. The amounts of globulins extracted are shown in Fig. 5.

180
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100}

2 1
EXTRACTION TIME -h

Fig. 4. Extraction of globulins with different salt solutjions. A = 2.5 9% NaCl,
B = 0.1 M barbital buffer pH 8.6, (! = 0.1 M barbital buffer containing 2.5 %
NaCl, D = 0.2 M barbital buffer, E = 5 % NaCl, F = 5 % K,SO,.
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Fig. 5. Extraction of globulins with 5 9% NaCl, Full line = nitrogen concentra-
tion determined according to Kjeldahl; dotted line = protein coneentration in
SSA-units.

Discussion

In our studies we have used three different extraction methods
for the albumins of barley depending on the purpose and the
analytical methods used for fractionation.

In one method 10 g of acetone treated barley was extracted
with 70 m] of water containing 2 g/l EDTA (pH adjusted to 7).
The extract was purified by gel-filtration and used for DEAE-
cellulose chormatography 8.

For many purposes this extract is too dilute and concentration
of the proteins is necessary before the extract can be analyzed
further. The protein solutions can be concentrated at least 100
times and thus the solubility of the proteins is sufficient for
extraction with a smaller amount of water. For paper electro-
phoresis 7 we extracted 100 g barley with 200 ml of water. If it
is desirable to avoid browning of the extracts 2 g/l of EDTA can
be added to the water used for extraction or the to extract
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immediately after the extraction. In the latter case care must be
taken of the pH of the extract which is lowered considerably by
the addition of EDTA. It is not necessary to add EDTA in all
cases, o.g. in the studies of the basic water-soluble proteins &,

When the proteins of barley grain are extracted as described
above the albumin fraction contains 8—8.5 per cent of the total
nitrogen of the acetone treated barley and the globulin fraction
contains ca 4.5 per cent.

Acknowledgement. The investigation has been supported by a grant from the
Finnish Stale Commission of Natural Sciences (Statens Naturvetenskapliga
Kommission ) which is gratefully acknowledged.
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Titrering av mycket svaga syror i
vattenlosning *

Bengt Eklund och Anders Ringbom

Institutet for analytisk och oorganisk kemi, Abo Akadems

Vanligen anser man att svaga syror ej kan titreras i vatten-
16sning med tillfredsstéllande noggrannhet om dissociations-
konstanten understiger 10-7—10-8, T stiillet for vatten kan man
dé anvinda ett basiskt icke-vattenmedium, dédr ju alla syror blir
starkare. Men den metoden har ocksd nackdelar: stabilitets-
konstanter och aktivitetsfaktorer &r foga kinda och titreringen
ar mycket kinslig for kolsyraféroreningar. Det &r mindre besviir-
ligt att bibehalla vattenlosningen och 1 stéllet tillsétta ett dmne
som hojer den skenbara (konditionella) syrakonstanten. Betrak-
tar man titreringen som en komplexometrisk titrering dr det
ganska litt att berikna den nya konstanten med hjilp av s.k.
e-koefficienter enligt metoder som nyligen foreslagits (1).

En syra kan betraktas som ett protonkomplex och stabilitets-
konstanten dr lika med inversa virdet av dissociationskonstanten

HE=H+B k, = [H][B)/[HB]
H +B—HB K- — [HB)/[H][B]

HB
Jonladdningarna #r bortlimnade for att forenkla likheterna.
Den forsta likheten betecknar en syras dissociation och k, &r
syrans dissociationskonstant. I den andra likheten 8r reaktionen
omvind. Den svaga basen B titreras med protoner (frdn en
H
stark syra) och man far protonkomplexet HB. X dr dé proton-

komplexets stabilitetskonstant. Ovre index for K anger alltid
den dissocierande jonen,
En svag bas hydrolyserar enligt:

B + H,0 = HB + OH k, = [HB] [OH]/[B]

Den omviénda reaktionen askadliggér titrering av en svag
syra med lut:

HB 4 OH — B + H,0 K, = [B]/[HB] [0H]

* Foredrag hallet vid Finska Kemistsamfundets arsméte den 11,12.61.
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Hir tinker man sig BH,0 som det bildade komplexet. Det
sonderfaller i B 4 Hy0 och det #r alltsd [B] som kommer att

re}{;rescntera koncentrationen av komplexet. Ju higre virde

_OH
K har, desto bittre lyckas titreringen. Som villkor for en kom-

plexometrisk titrering brukar man ange log K > 7 vid visuell
mrlit‘zering av omslagspunkten,
Vid ckvivalenspunkten ér [HB] = [OH] varav féljer att
KOH . o OH,
s = [BJ/[OHF och [OH]y, = ([BI/K, )

Man kan approximativt antaga att [B] = Ogg, diir Cyy ir be-
gynnelsekoncentrationen av den titrerade syran.

O:
[0H)yy = (Ce/K, )}
pOH,, = }(log K, —log Cyp)

Exempelvis géller for titrering av 0,005 molar germaniumsyra
H,GeO,, med Iut: ¢ v

Pk, = 9,1 dvs log KEB

I

9,1

pky, = 4,9 log K:H =49
Oup = 0,005 — 10-2:3

POH,, =} (log K — log Cug) = } (4,9 + 2,3) = 3,6
PHy, = 10,4

Vidare kan man uppskatta titrerfelets storlek genom att an-
vinda det av Ringbom (1) fér komplexometriska titrerimgar
konstruerade nomogrammet, dir log CK #r abskissa och det
relativa felet ordinata:

log (Cap- Ky ) = 4,9—2,3 = 2,6

Vid visuell titrering kan man rikna med ett maximalt pH-fol
pa 0,5 enheter. ApH = 0,6 motsvarar ett relativt titrerfol pa
over 10 9,. Titreringen &r alltsd mycket onoggrann, ty konstan-
ten 4,9 iir for lag. Men den skenbara konstanten kan hijas om
B bringas att deltaga i en bireaktion:

HB 4+ OH = B + H,0
B+D=BD
E}ent_.fm att tillsitta imnet D forskjuteor man reaktionsjimvikten
at hoger. I detta speciella fall giller det att finna ett #mmne som

forenar sig med anjonen HGeOy. Flertalet polyalkoholer och
sockerarter bildar komplex med HGeO,, bla. d-fruktos med
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stabilitetskonstanten Kpy = 1085 (3). For att {4 ett méatt pa
bireaktionens omfattning berdknas a-koefficienten (1) enligt
formeln:

a =1+ [D]-Kpp
Om 6verskottet d-fruktos ér 0,1 molart blir & i detta fall:
appy) = 1 + [D]-Kpp = 1 + 1071 1085 = 1045

och skenbara konstanten:

OH OH
= agpm) - K,

K.,

log Koy = 4,5 + 4,9 = 9,4

Strecket pa B betecknar att Bis bireaktioner &r beaktade.
Samma beteckningssiitt anvénds i fortséttningen for alla titrer-
komponenter.

pOH,, = (9,4 + 2,3) = 5,85

pHe, = 8,15

log (CK) = 9,4—2,3 = 7,1
Om ApH = 0,6 &r felet = 0,08 %,

Man skulle alltsa
kunna titrera syran vi-
suellt med t.ex. kresol-
rott som indikator. 1
fig. 1 dr titrerkurvorna
avbildade for potentio-
metrisk titrering med
0,05 n lutlésning av a)
0,006 molar H,GeOj,
b) dito i 0,1 molart
6verskott mannit och
¢) dito i 0,1 molart
overskott  d-fruktos. ’ 1 3 ¥ 5w
Mstningarna dr gjorda il
med Radiometer TTT Fig. 1. ]i’)otg_l;tit?%l.ltitr."av 81;)021’303153 nl;l.tﬂz(}eos

o 110 m oQvers 1
1b’ mittad kalomel- c)) dito i 0:1 m §verskott d-fruktos
elektrod och glaselekt- Teor. atgang 2,55 ml.
rod TYPE G 202 B.

Germaniumsyrans stabilitetskonstant dr nagot oséker, i litte-
raturen (2,4) anges logaritmiska viirden mellan 8,8 och 9,5. Den
erhallna neutralisationskurvan utan négra tillsatser ger emeller-

tid det anvéinda virdet log KZ[_B = 9,1.

Fér mannit (Ma) ar log Ky, = 4,56 (3) och pHg, = 8,61
Sverensstaimmelse med det pa experimentell vig funna virdet.
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For 6verskott Iut ansluter sig ej d-fruktoskurvan till de 6vriga,
mojligen dr fruktosgermaniumsyran tvabasisk,

Germaniumsyrans reaktion med fruktos och mannit kan jém-
stéllas med borsyrans. Metoden att titrera borsyra i nérvaro av
Gverskott mannit har ju linge varit kiind. Dessa reaktioner ér
till en viss grad specifika, men det finns en hel klass mnen som
4r anviindbara for syratitreringar, némligen metalljonerna (syror
ianligt Lewis). Metalljonen ersitter litt protonen i protonkomp-
exet:

HB+M=MB-+H

Exempelvis dr acetylaceton (HAca) med syrakonstanten pk, =
8,9 alltfor svag att titreras direkt. For en 0,006 molar 16sning
blir pHg,, = 14 — (5,1 4 2,2) = 10,35 och fér ApH = 0,5 blir
relativa felet c:a 10 9. Men tillsitter man kopparsulfat bor
titreringen ga biittre. Log Ko aea = 8,0 (4), bildningen av Cu(Aca),
kan fijzrsgmmas da man har kopparsulfat i overskott, Ifall {Cu]
= 1072, blir

Cpca(Cu) — 1 -+ 10~2.108 = 108

log Koy = 5,1+ 6= 11,1 log Koy, = 2,9
Vi far alltsé en skenbart medelstark syra. Men kopparjonen dr

o H
ockss en syra med log K ox = 80. Virt nya system innehéller

tva syror och vi far en stegvis neutralisation vid titrering, Om
bada syrorna har samma koncentration, ir

pH,, = 1(2,9 + 8,0) = 5,45
For att kunna uppskatta titrerfelet maste vi rikna ut en ny

konditionell konstant, dér OH-jonernas bireaktion med Cu-joner-
na ir medriknad,

aomeny = 1 -+ 1072.10° = 10¢ (Koo = 1014/105 = 10)

OH'’
log Ky, =1log Ky, —log aomey = 11,1 — 4,0 = 7,1
log (CK) = 7,1—2,2 = 4,9
For 4pH = 0,5 blir felet 1 9.

Om man i stédllet for kopparsulfat tilifér magnesiumsulfat

(o)
(log KMIZOH = 2,3 och log Kypaca = 3,2 (4)), blir pHey = 9,6 och
felet 4 %,

Det experimentella resultatet framgar av fig. 2. Med magne-
siumsulfat gick titreringen efter berdkning, vid pH 10,7 foll
Mg(OH), ut. Vid dverskott kopparsulfat gick det inte lika bra.
Till en del kan detta bero pa att bildningen av flerkdrniga kop-
parkomplex, som bérjar vid pH 5—8, ej tagits med i berikning-

arna. Cu(OH), skall
teoretiskt falla ut vid
pH = 14—}(18,2—
2) = 5,9, men foll uti
praktiken nagot tidi-
gare, vid pH 5,7.

I detta exempe];

O

ar konstanten K,
skenbar i s& matto
att acetylaceton i
nérvaro av koppar
verkligen beter sig
S0 €1 SyTa med, log

KE — 2,9 Ko, &r
en konditionell hjélp-

konstant, varur man
beriknar pHg, och

noggrannheten, men ¢

man far ej sammaltit-

rerkurva som vid tit- 4

rering av en syra med y

log K¥ = 6,9. Kurvan

far visserligen lika 3

stort pH-sprang, men

arforskjuten motlag-

re pH-viirden. 9 ] 7 S ey
Utfallningen  av 105 0 NaOly

metallhydroxid av- Ig. 2. Potentiom titr. av a) 0,006 m acetylaceton

bryter titrerkurvan b) dito i 0,01 m tverskott magnesiumsulfat

. w ¢) dito i 0,01 m &verskott kopparsulfat
vid bestdmda pH- Teor. atgang 3,0 ml.

virden. Darfor kan
t.ex, ferrijoner ej alls )
anviindas for detta andamal eftersom jérn(IIT)hydroxid faller
rodan vid pH omkring 3. Dessutom &r jirn-aquojonen en alltfor
stark syra.

Genom att metalljonerna sjilva &r syror lonar det sig inte
att ha stort overskott av dem. Metallkoncentrationen ingér bla,de

OH . ., O0H/ , - OH
i Kn: genom ap och i KB, genom Qou(m), och da KB,

’ OH
K?srf/ apqy BUT K(])jt oberoende av [M] om [M]-K__ > 1, dvs
OH
[M]> l/KMOH'

Nedan dr log K:SE, l6slighetsprodukten vid jonstyrkan 0,1
samt pH vid begynnande hydroxidutfillning for [M] = 1072
tabulerade for nagra vanliga metaller,
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OH Loslighetsprodukt pH dér hydroxiden
Metall log Kyom — 0,1 P atallor pM = 3
Ag 2,3 7,5 9,5
Ba 0,4
Ca 1,0 5,0 13
cd 2,4 13,2 8,9
Cu 6,0 18,2 6,4
Mg 2,3 10,3 10,3
Mn 3,4 12,3 9,3
Ni 4,6 14,3 8,3
Pb 5,9 15,7 7,6
Zn 4,1 15,6 7,7

Man ser att koppardverskottet behover vara endast 10-8 molart,
medan t.ex. kalciumdverskottet maste vara 0,1 molart for
maximal verkan. Foljande enkla formel erhalles for uppskatt-
ning av den konditionella konstanten:

OH/ ’ OH OH
log Ky, =logK_ + (log Ky —logK__ )

MOH

For dmnen med mycket svaga syraegenskaper (mannit, fruktos,
de flesta jordalkalimetalljoner m.m.) giller:

log K;],i = log KZH -+ log Kyg + log [M]

Man far alltsa en ganska god uppfattning om hur titreringen gar
endast genom att sl upp tre virden i en tabell och addera dem.
En limplig konstantsamling ér »Stability Constants» av Bjerrum,
Schwarzenbach och Sillén.

For glycin it log K, = 9,8 och log Koy = 8,2

log Kgf,l, = log KgH 4 log Kup — log Kzzm = 4,2 + 82
— 6,0 = 6,4
Man kan ocksé direkt berdkna pk,’:

pk,’ = pk, — (8,2 — 6,0) = 9,8 — 2,2 — 7,6
Felet blir c:a 2 9, for 4pH = 0,5 och 0,005 m 18sning.

POHekv = %(6,4 + 2,3) + IOg CoH(Cu) = 4,35 + 3,7 = 8,05
pHy, = 5,95 :

I fig. 3 #ér den experimentella titrerkurvan uppritad. pH-
viirdena dr nagot for laga just kring ekvivalenspunkten, troligen
beroende p# uppkomsten av flerkirniga komplex eller koppar-
hydroxid, Overskottet kopparsulfat var 0,005 m, kurvan néirmar
sig mera den teoretiska med mindre dverskott.

Hir mé papekas, att bildningen av MB, komplex, som i det
foreghende forsummats, paverkar titreringen férdelaktigt. Ifall
Kyg, dr tillréckligt hoég, kan man anviinda ett nagot mindre
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Overskott metalljoner

4n annars; Cy viljes sa

att forhallandet Oy : .
Cgg ligger mellan § och %
1. [M] kommer hiéri- p

genom att sénkas, och s /

en metallhydroxidfall-

ning kan i ménga fall e
undvikas. 4

Citronsyra ir en fyr-
basisk syra med de
logaritmiska konstan- i ! 1 3 " 5 m
terna 3.0, 4.4, 6.1 och 005 a Maot

16,0 (4). Den titreras Fig. 3. Potentiom, titr. av 0,005 m glyein vid
lampligen som treba,- 9,995m f}}'erskott kopparsulfat.
sisk med fenolftalein Teor. &tgang 5,0 ml.
som indikator till pH 9,
Men har man en blandning av citronsyra och en annan syra, t.ex.
klorviitesyra, kan man endast bestimma summan pa detta
gitt, Man kan emellertid i den erhallna I6sningen bestdmma
Na HCi genom att tillsdtta kopparsulfat och titrera de frigjorda
vitejonerna med lut enligt:

HCi + OH = Ci + H,0
Observera att Cu bildar komplex med badde HCi, OH och Ci.
a-koefficienterna riknas pa vanligt séitt och blir for ett 0,01
molart kopparsverskott:

Cu
eroey = 14 [Cu]l-K_ ., = 102.10%! = 104!
Ol
comewy = 1+ [Cu]-K . = 1072.105,0 = 1049
ey = 1+ [Cu] Ko = 1072.1088 = 101
oY, HCY oy oH
= K = 1085,9
e Qon * CHC S

Ko = 1014/10% = 10-2

For begynnelsekoncentrationen 0,004 molar fér man:
pOH'y, = %(5,9 + 2,4) = 4,15
pOH,,, = pOH’ + log oy = 4,15 + 4,0 = 8,15

PHekv = 5,85
For 4pH = 0,5 blir felet c:a 5 %, Vid potentiometrisk titrering
ir ApH betydligt ligre, mot 4pH = 0,2 svarar ett teoretiskt fel
av 1,5 9%,
Av titorerkurvan i fig. 4 framgdr att sprénget i pH-kurvan &r
tydligt men pHg, samt kurvans sprang #r ligre dn beriknat.
Pafallande var att kopparhydroxid inte f6ll ut, inte ens vid pH




pH
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6ver 9. Hojer man kop-
par6verskottet till mer
in tre ginger citrat-
koncentrationen faller
hydroxiden i vanlig
ordning fére pH 6. For-
modligen bildas fler-
kirniga koppar-citrat-
komplex.

Virdet 16,0 for log

H 13

dr endast unge-
i 2 3 Y 5 6 m/  HA

0,05 nl Na0H farligt uppskattat (4)
Fig. 4. Potentiom, titr. av 0,004 m Na,HCi vid och verkar foga tr9hgt .
0,01 m overskott kopparsulfat. Okac (5) anger virdet
Teor. atgang 4,0 m 10,8 som ir av en helt
annan storleksordning.
En férindring av detta virde skulle emellertid &ven inverka pé

K> s0m ér baserat pa .Man skulle dérfor fa samma resultat.

Titreringen kan utféras visuellt med metylrétt som indikator,
dven om omslaget nigot stérs av den bla kopparfirgen. Det
experimentella felet blev mindre &n & %,

De anforda exemplen visar att det ofta gar ganska enkelt att
utnyttja en gynnsamt verkande bireaktion for att mdjliggora
titrering av en mycket svag syra, som ej kan bestimmas med
konventionella neutralisationsmetoder.

Ifall en potentiometisk metodik under tillimpning av s.k.
Gran-diagram anvénds (6), kan redan en svag hdjning av det
bildade bas- eller syrakomplexets skenbara stabilitet vara till-
ricklig fér att méjliggéra en anmérkningsvird noggrannhet.

Summary

An acid too weak to be determined by conventional neutralization methods
can be titrated if a suitable side reaction is induced. For instance, the anion of
the acid may react with some metal ion, some polyalcohol or some monosacc-
haride. The determination of germanic acid, acetylacetone, glycine and citric
acid (as tetrabasic) including the theory of such neutralizations is described.
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Uutta havupuuligniinin reaktioista ja
kdyttomahdollisuuksista¥*)

Terje Enkvist

Tutkittaessa selluloosajitelinosten painekuumennuksessa sul-
fidien kanssa dimetylsulfidin valmistuksessa saatuja aineseoksia
on kiytetty m.m. vastavirtajakautumista, erilaista kromato-
grafina, elektroforeesia ja spektrografiaa. Aikaisemmin 16ydet-
tyjen aineiden lisiiksi on osoitettu ainakin kromatograafisesti
alkuperiiisesti sulfaattijiteliuoksesta m.m. fenoli, pyrokatekoli,
protokatekualdehydi, p-propioguajakoni, 2-p-gnajasyletanoli,
3-p-guajasylpropanoli, homovanilliini-, 2-guajasylpropioni- ja
p-hydroksibetsoechappo, 4.4’-dihydroksi-8,3’-dimetoksistilbeeni
sokd, l-metyl-syklopentenol-2-oni-3, ja sulfidin kanssa paine-
kuumennetuissa jitelivoksissa paitsi pyrokatekolia ja proto-
katekualdehydié my6s p-metyl- ja p-etylkatekoli ja sekéi proto-
kateku- ettd homoprotokatekuhappo. Niistd pyrokatekoli ja sen
homoloogit syntyviit myés ligniinin ajankohtaisessa Noguchi-
Oshima-hydrauksessa, mutta timén hydrauksen eriis pilituote,
p-kresoli, ei niyti muodostuvan sulfidipainekuumennuksessa,
jossa sensijaan saadaan mainitut fenolikarbonihapot. Malli-
aineiden kuumennuksissa on J. Turunen todennut etti paine-
kuumennus sulfidin kanssa pystyy katkaisemaan ei ainoastaan
eetteri- vain myos hiili-hiilisidoksia ja edelleen etti pyrokate-
koli voi reagoida pitemmille muuttuen l-hydroksi-syklopentan-
karbonihapoksi. — Vieli on tutkittu m.m. sulfaattiligniinin
suurimolekyylisiii aineosia ja niiden kiyftod m.m. lakkojen ja
ioninvaihtajien valmistukseen. Talléin on havaittu ja m.m.
kromatografoimalla osoitettn etti suurimolekyyliset osatkin
jakautuvat useisiin fraktioihin, joilla voi olla jhan erilainen
reaktiokyky eri reagenssien kanssa.

*)Referaatti Kemian paivilla 1961 pidetystd esitelmadsté.
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Correction to ”Dielectric Studies on Guaiacol Derivatives and Lignin”

(Fingks Kemistsamf. Medd. 70 (1961) No. 3-4):
J. Johan Lindberg
Department of Chemistry, University of Helsingfors

On page 95 the formula is incorrect:

CH,-CH=CH, CH=CH,CH,
CH, (|JH3
|
HC \ and should read: HCU— .
| |  Nocw
HC—— cl) OCH, HC—O 8
| IS
I U It
e
| “OCH
! OCH, om 5

OH
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Finska Kemistsamfundets verksamhet

Protokoll fort vid Finska Kemistsamfundets ordinarie mote
den 12 februari 1962 i Tekniska Féreningens i Finland lokal.
Forhandlingarna leddes av ordféranden dr Forsander med under-
tecknad Enagri vid protokollet. Narvarande 28 medlemmar.

§ 1. Styrelsens berattelse 6ver verksamheten under ar 1961 upplastes och
godkéndes.

§ 2. Minnet av de under &ret avlidne medlemmar hyllades med en stunds
tystnad,

§ 3. Kassoren filkand. Karin Sandelin, féredrog bokslutet for &r 1961.

§ 4. Sekreteraren uppléste revisionsberittelsen for ar 1961,

§ 5. BSamfundet beviljade styrelsen och kasséren ansvarsfrihet fér verk-
samhetsaret 1961.

§ 6. Till ny medlem i Samfundet invaldes fil.dr. Birger Wiik pa forslag av
dr Forsander och prof. Enkvist.

§ 7. Ordféranden 6verlasmnade ordet &t docent Birger Witk som héll ett
foredrag om »Meteoriterna — spanor frén virldsrymdens. I anledning av fire-
draget yttrade sig herrar Enkvist, Gripenberg, Sundyrén, Svante Nordstrém och
Saris samt foredragshallaren,

§ 8. Darefter holl fil.mag. Carl-Gustav Spdre ott foredrag »Om 16kens tér-
framkallade iimnoeny. I anledning av féredraget yttrade sig herrar Gripenberg,
Enkvist och Forsander samt foredragshallaven,

§ 9. Efter motet foljde samkvim,

O. Forsander T.-M, Enare

Beriittelse over Finska Kemistsamfundets verksamhet under ir 1961

(Avgiven vid métet den 12 februari 1962)

Samfundet har under aret sammantritt till 7 ordinarie méten, namligen den
13 februari, 13 mars, 10 april, 8 maj, 9 oktober, 13 november och 11 december,
Nirvarande har i medeltal varit 32 personer per méte. Den 5 maj anordnade
Bamfundet en exkursion till Statens seruminstitut, .

Detta ar firade Semfundet sitt 70-&rsjubileum. Vid oktobermétet kallades
fyra nya hedersledamdéter: professor Per Ekwall, fil.mag. Ragnar Holmstrim,
professor Erik Jorpes och professor Artturt I. Virtanen. Vid novembermotet,
som var det egentliga jubileumsmdotet holl professor Erik Jorpes festféredraget
om Alfred Nobel och Nobelpriset. Samfundets historik féredrogs av professor
Terje Hnkvist.

Vid Samfundets 6vriga moten har f5ljande féredrag hallits och meddelanden
avgivita:

Dipling. 4. Aim: Magnefite-metoden — en ny metod for kokning av sulfit-
cellulosa

Fil.mag. B. Eklund: Titrering av svaga syror i vattenlésning

Fildr N.-E. Ellfolk: Som stipendiat vid Karolinska Institutet i Stockholm

Prof, T'. Enkvist: Tva-trakemiska symposier i Amerika

Doc. 0. Forsander: American Chemical Society’s méte i New York och alko-
holforskning i Kalifornien
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Doc. R, Grdsbeck: Undersokningar 6ver B,,-vitamin och intrinsic factor.
Doc, J.J. Lindberg: Dimetylsulfoxidens fysikalisks kemi

Dipl. ing. N. H. Simberg: Biokemisk industri vid Rajaméki fabriker
Fil.mag. 1. Stople: Jussarbgruvan

Fillie, Veronica Sundman: Aspektor pa ligninets biologiske sonderdelning

Under &ret har av Finska Kemistsamfundets Meddelanden utkommil tre
nummer varav ott dubbelnummer. Det totala sidoantalet har varit 153.

Vid arsmotet tilldelades prof, Helge Aspelund bergsrédet Alfthens pris ar
1961 for uppsatserna »Die Einwirkung von Phenylchloressigester, Phenyl-
chloracetamid und Phenylchloracetmethylamid auf Harnstoffes och »Die
Einwirkung von Diphenylchloressigester, Diphenylehloracetamid und Di-
phenylchloracetmethylamid auf Harnstoffer (Finska Kemistsamfundets Med-
delanden N:o 34, 1960). Prisets storlek var 20.000 mk.

Under éret har tre av Samfundets medlemmar avlidit, némligen

Dir. J. HEichinger

Bergsradet Carl Qustaf Herlitz

Professor Walter Quist

Nio medlemmar har avgdtt. Samfundet har invalt 10 nya medlemmar.
Medlemsantalet &r 390. Styrelsen har sammantratt 10 ginger. Dess samman-
siittning har varit féljande:

Ordférande: doc. Charley Gustafsson

viceordforande: doc. Olof Forsander

sekreterare: doc. Tor-Magnus Enari

medlemmar: prof. Terje Enkvist, fil.mag, Magnus Alfthan, fillic. Nils-Erik
Saris, fildr Tor Smedstund, prof. Albert Sundgrén, doc. Jacobus Sundman
Funktionérerna har varit foljende:

kassor: fil.kand. Karin Sandelin

arkivarie: dipling. Anna Gronvik

redultir: doec. Tor-Magnus Enari

revisorer: fildr William Forsman och dipling. Paul Alander med fil.mag,
Holger Linegren som suppleant

Samfundets valda reprosentanter i Centralridet fér Finlands Kemister har
varit prof. 1. Enkvist och doc. J. Sundman. Ordféranden doc. Ch. Gustafsson
och sokreteraren doc. 7T.-M. Enari har varit sjalvskrivna medlemmar.

Charley Gustafsson Tor-Magnus Enari
ordférande sekreterare

Docent H. B, Wiik: Meteoriterna — vdrldsrymdens spdnor (referat)

Meteoriternas sammanséttning ger med storsta sannolikhet en battre bild
av himlakropparnas kemiska och mineralogiska sammans#ttning én den bild
studier av jordekorpan ger. Jordshkorpan utgér ju endast ett tunt skal kring
jordklotets huvudmassa vars sammansitining vi endaest med indirekta metoder
kan bestémma. Meteoriterna kommsa hér till var hjélp, Deras sammanséttning
motsvara vad dessa indirekta metoder &dagalégger. Det inre av jordklotet
och de andra planeterns har ju dérfér reden linge pa grund av meteoritforsk-
ningens resultat ansetts bestd av jirn-nickellegeringar, sulfider och tunga
silikat. — Aven introssef for rymdforskningen har de senaste 10 aren medfért
ett livligare intresse for meteoritforskningen. Ute i Otnés pé Geologiska Forsk-
ningsanstaltens kemiska avdelning har en del analyser av stenmeteoriter
utfirts. Arbetet utgér en del av ett internationellt samarbete pa omridet,
Material fér undersdkningarna har bl.a. levererats av Riksmuseet i Stockholm,
Naturhistoriska Museet i New York, Meteoritkommiten i Moskva m.fl. insti-
tutioner. Resultaten av dessa nya analyser presenterades fér samfundet.
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Av de i Otnés och annorstiides erhallna resultaten framgar, att endast ett
fatal grupper stenmeteoriter finnes, Inom dessa grupper fir sammansitiningen
forvanansvirt konstant, Inga diffusa Overgdngar mellan grupperna finnes,
S& har exempelvis de till den sk. L.gruppen horande meteoriterna Bjurbile,
gsom foll niire Borgd 1809, Varpaisjirvi-meteoriton, som hittades 1913 och
‘Holbrook stonregmet, som {01l § Arizona 1912 exalt samia kemiska och mine-
ralogiska sammansiittning, Denna L-grupp skiljer sig med ea 2 9 totel jarnhalt
fran en annan stor stenmeteoritgrupp den sJi. K-gruppen, som i sin tur har
konstant sammansitining. Det forefaller som om enhetliga sviirmar av mefao-
riterna slsulle rora sig i virldsrymden och delar av dessa svirmar dé och di
gkulle hamna inom filtet [ jordens dragningskeaft, 1 dessa olika svirmar
vore sammansitiningen konstant,

Mycket tyder pia att meteoriterna tillhér virt eget solsystem. Att de skulle
vara tester av kollisioner mollan stérre himlalkroppar ér svart att forstad. Vid
sadana kollisioner maste nidvindigivis stora mingder viirme uppsta, Nagon
storre uppviirmning kan ej sparag i meteoriternas strulctur, Att de of hirstom-
mar frin stérre enheter tyder ocksd den omsténdigheten att i dem ej kan
observeras nagot inflytande av ett starkt gravitationsfilt, Ingen gravitations.
differentiation kan sparas, Iin grupp stenmeteoriter, som sikert o] varit utsatt
for higre temperatuver dr de gl kolhaltiga kondriterns. Dessa innehédler
vatten och mer eller mindre litt flyltiga kolftreningar hla. kolviten., Dessa
kolféreningar uigor for Gvrigt ett av de allra introssantasto kapitlen i meteorit-
forskningen. Nagra forskare i U.8.A, pastod senaste var att de nimnda kol-
foreningarna vore eth bevis for liv pd andra planeter. Andra vetenskapsmin
har mycket riktigt framhallit att koiféreningar val kan uppsta ph oorganisk
vag d,v.s. utan medverkan av levande substans. Denna diskussion fr just nu
i full ging i facktidekrifterna och argument for och emot framligges.

Vart de stora meteoriterna, som bevisligen fallit pd var jord forsvunnit,
har ocksé varit foremal for livlig diskusgion, Vi har ott tiotal meteoritlkratrar i
olika delar av virkden. Den berémdaste torde vara den 270 moter djupa kratern
i Arizona, Mycket litet, meteoritiskt materinl har phtriffats i och omkring dessa
kratrar. Orsaken fir siikert den — som professor Heide i Jena framhiller —
att ph grund av dessa meteoriters stora massa den kosmiska hastigheten ej
hunnit bromsas upp av jordens atmosfiar uten att meteoriten triiffat markytan
med hastigheter pa manga tiotal km i sekunden, Den vildiga rérelseenergin
har plotsligt férvandlats i viirme, som vil har racks till att forgasa hela massan,
Det ir alltsd ingen idé att stka ofter desss meteoriter, Do existerar éverhuvud
©] mera.

Fil.mag. C-Q. Spire: Om lokens tdrframkallande dmnen (referat)

Inom ramen fir det forskningsarbete, som vid Biokemiska Forsknings-
anstalten utférs under ledning av professor A, I. Virtanen och som bl.a. om-
fattar flyktiga smak- och luktimnen i ndgra av vira kulturvixter har man
aven undersikt det tarframkallande imne (lakrytmator) som frigires da vanlig
gullok skitres eller krossas, Det visade sig vara ytterst svart att isolera lnkryt-
matorn di denna fir ytterst instabil. Det visade sig att lakrytmatorn bildas
genom en enzymatisk reaktion ur en prelursor, Denna prelursor har isolerats
och dess struktur har fastst@llts med tillhjalp av bla. infrarodspektrofoto-
metri, Lakrymatorpreleursorns strukturformel i S-(1-propenyl)-oysteinsulfoxid,
Sjilva lakrymatorn har inte isolerats men genom att med tillhjilp av ett ur
16k isolerat enzympreparat lata lalerymatorn bildas ur prekursorn direké i en
masspektrograf har man kunnat bestiimma dess molekylvikt, Molekylvikten
@r 00 och ur masspektrumet framghr dessutom att lekrymatorn innehaller
ayre men inte lkvitve, Genom att utféra realktionen i tungt vatten, ser man att
molekylen innehiller en utbythar viteatom, Alla dessa fakin tyder pd att
lalkrymatorn iir propenylsulfensyra.
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Protokoll fort: vid Finska Kemistsamfundets ordinarie méte
den 12 mars 1962 i Tekniska Féreningens i Finland lokal. Fér-
handlingarna leddes av ordféranden dr Forsander med under-
tecknad Enart vid protokollet. Nirvarande 30 medlemmar,

§ 1. Till ny medlem i Samfundet invaldes tekn.dr. Jori Larinkari som
foreslagits av dr. Forsander och prof. Enkvist.

§ 2. Till suppleant i styrelsen for I'orlagafiveningen Acta Chemica Scandi-
navica for nésta trearsperiod valdes telu,dr, Jori Larinkar: som redan valts
av Suomalaisten Kemistien Seura,

§ 3. Till t.f. kassor for tiden mars—juni 1962 da den ordinarie kasséren
ar bortrest valdes fil.mag. Helena Strandstrom.

§ 4, Sekreteraren meddelade att det 4 intermationella gaskromatografi-
symposiot anordnas i Hamburg den 13 —16 juni 1962 och (iesellschaft deutscher
Chemijker anordnar firedragsdagar for analytisk kemi och livsmedelskemi
i Wiesbaden den 11—14 april 1962,

§ 5. Filmag, Kristion Lindroos holl ett foredrag om polyurctan — den
moderna skumplasten. I anloduing av firedraget yttrade sig herrar Svante
Nordstrim och (fustafsson samt firodragshallnren,

§ 6. Fil.dr. Kurt Ekman héll ett foredrag om o Western Larch och arabino-
galaltany. T anledning av fOredragot ytirade sig hierrar Gustafsson, Enkvist,
Silén, Iorsander och forodragshallaren,

§ 7. Vid eftersitsen kaserade prof. Enkwvist om virldens forsta kemist och
négra andra historier.

0. Forsander T.-M. Enari

Fil.mag., Kristian Lindroos: Polyuretan — den moderna skumplasten (referat).

Polyuretanskum har de senaste 10 drven funnit en snabbi expanderande
marknad. Denna nya slumplast har funnit anviindning som flexibelt skum
i bilindustrin, for stoppning av mébler och madrasser samt for laminering med
textil och konsatliider, Pi senare tid har styvi polyuretanskom horjat anviindas
som vilrmeisoleringsinedel,

Uretanerna framstills genom att isocyanater adderas ill organislen hydroxyl-
foreningar. Isocyanaterna fir organiska lvitvefSroningar, som fas genom fosgens
inverkan p& aminer, Do vanligaste organiska hydroxylféreningarma iir malro-
molekyler, syntetiserade av mindre enheter, som sammanlinkats med etor-
eller esterbindningar.

For uppblsning av skummet tillgodogér man sig isocyanaternas reaktion
med vatten, Nar isocyanater reagorar med vatten bildas koldioxid, Man kan
dven tillsitta till do roagerande komponenterna kemiskt inaktiva, lastflyktiga
vittskor, t.ex. trillorfluormetan, Dessa firgasas av reaktionsviirmen och di
bildas skum med andra egenskaper én skum uppblast med enbart vatten,

For paskyndan av de bada huvadreaktionerna anvindes som kntalysstorer
tertiiira aminer och tennfireningar, D4 dessa amnen paskyndar de bada huvuad-
reaktionerna olika, kan deras tillsatsmingder anvandes for kontroll av reaktio-
nerna, Forhallendet mellan koldioxidbildningen och polymertillvaxten kan
regleras.

Polyuretanerna #r mycket anvandbara @#mnen #ven for andra andamal &n
skumtiliverkning. Da maste isocyanat/vattenrealtionen férhindras, Sjilva
uretanreaktionen #r ytterst intressant di med dess tillhjilp kan tillverkas
plaster av de flesta organiska émnen med fva eller flere hydroxylgrupper.
Genom atf vilja olika hydroxylféreningar kan man variera slutproduktens
cgonslkaper,
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Fil.dr. Kurt H. Ekman: » Western larchy och arabinogalaktan (referat).

Téredragshdllaren beriirde inledningsvis nagra allminna synpunkter be.
traffunde Western larch’s (Levix occidentalis) utbwd.ningt_;m.nrﬁd?, }?:tﬂl!_f]ﬂ]'l.s-
forhillande och botydelse som rivara inom fraféradlingsindustrin i Forenta
Staternas nordvéastra delar. ‘ .

En viktig faktor som piverkar anvindningen av denna ]_d.'r}; s0m ku"nﬂt-ru!f-
tionsvirke skulle utgira forelkomsten av fenoliska exh‘n_kt-wnmuun villea gor
virket resistent. P4 grund av desse extraltiv och dG]:l hoga lm.lltml_aw vafton-
losligt arabinogalaktan har diremot dotta tridslag icke fannit nagon storro
pnviindning som ravara inom massindustrin, i :

Sedan dessn salfirhillanden belysts Gvergick [‘i)l’ﬁtlmgﬁhl"lli}l:&n till de undi?rA
slkningar som bodriva vid Washington State University, Division of Industrial
Research fir ett mera ekonomiskt ninyttjande av denna lark som 1'“"'““;. :

Forskningsprojektet ér baseral, ph industriell utvinning av det vat.f,enlm?hgn
arabinogalalctanet ur sigaviall och utnyttjandet av (]ﬂllll frJ!j:}xi.?alxel'atlt\ ]m-l_;.
flisen for framstillning av massa. Han understrik dﬂ.r}w(l stivskill att det vid
massakole ph livk erhallnn ligs massautbytot skullo i ekonomislst avseende
kompenseras av den industriellt, anvindbara p{':lysn.u_knnr_{eu m'uhn}ognlaktmwt.
Av de delgivna resultaten framgick att undersélningarna lott till ett enleolt
och effoktiv extraktionsfirfarande som grundar sig ph den 8.1 ummi:,er-uurmut
eller motstrimsprincipen. Den firextraherade Hl.l’kflison befanns dven vara
lamplig for framstillning av en sulfitmassa med nistan samma egenskaper som
en sulfatmassa av tall. . ) s

Bfter det prineiperna for arabinogalaktanets uppbygp_;natl h_arurlts Gvergic
foredragshallaren ©ill denna vattenlésliga polysackavids fysikalisk-kemiska
egenskaper. Den ur industriell synpunkt viktigaste egenskapen ﬂki_‘]:“l'-! vara s
arabinogalaktanet ger losningar med lag v:skumi.at: vid Imyckel. higa kou'can-
trationer. Dirtill dger dessn losningar en utmirkt digpersions- och emulgerings-
forroaga.,

S]uﬁig&u framgick ur foredraget att arabinogalaktanet kommer att kunne
konlcurrers med andra »industrial gums» med liknande egenskafper, t.ex. gum
acacia, inom litografiska-, farg-, textil- och livemedelsindustrin.
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Notiser— Uutisia

Elfte Nordiska Kemistmotet

Till det Nordiska Kemistmétet i Abo den 20—25 augnsti har ca 850 deltagare
anmalt sig. Deltagarna férdelar sig pa de olika linderna silundas

Danmark ........cc0v0viiinnn ...+ 101 aktiva och 31 passiva deltagare
Finlend ......c000viiiiiinincannn. 251 » » 111 » »
Norge .............. CETERIE A 58 » » 30 » »
Sverige .dpiessvinican TR GG es . 198 » » 73 » »

Vid mé&tet, som halles i Turun Yliopisto, anordnas tre symposier:

1. Kinetik och mekanism f6r reaktioner i 16sningar (ordférande: prof. B, Tom-
mila).

2. Cellulosakemi (ordférande: prof. W, Jensen),
3. Ytkemi (ordférande: prof. P. Ekwall).

Dessutom halles vid métet 9 plenarforedrag och ca 164 sektionsforedrag upp-
delade pa sex sektioner.

Das Européische Symposium »Reinigung von Kokereigasy, das in Saarbriicken
urspriinglich fiir den 22. und 23, Mérz dieses Jahres vorgesehen war, wird erst
im Miirz 1063 stattfinden, Von der Alternative, das Symposium noch im Jahre
1962, und zwar in der zweiten Hilfte des September durchzufithren, wurde
Absztand genommen, da fiir diese Zeit bereits verschiedene Tagungen mit ahn-
lichem Thema vorgesehen sind, Der endgiiltige Zeitpunkt des Ruropiischen
Symposiums sReinigung von Kokereigass wird, sobald er feststeht, mitgeteilt
werden, Das ehrenamilich verwaltote Sekretariat dieses Symposiums befindet
sich bei der DECHEMA, 6 Frankfurt am Main 7, Postfach 7746,

 INFRACORD MODELL 137

Perkin-Elmer introducerade den férsta INFRACORDEN fér snart 5 &r sedan
och denna i dag vérldens mest sélda infrarédspekirofotometer.

| maj 1961 lancerades en avsevért forbéttirad version med bl a 50 9, biitre

upplésning, 2 registreringshastigheter, 6 valbara spaltprogram.

PRIS: Infracord 137, fritt in-
stallerad i Ert labora-
torium FM 1.495.500: —

exkl omsdttningsavgift.

Begdr utférlig broschyr!

Perkin-Elmer har nu installerat éver 200 infrarédspekirofotometrar i de

nordiska ldnderna.

Perkin-Elmer AB

Nordiska AB
tel. 202247 | 202248
GOTEBORG 46
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Fractometer 116 E

urval av detektorer och kolonner erbjuder
lésningen ftill alla gaskromatografiska prob-
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PERKIN ELMER Fractometer — madngsidig
och pdlitlig gaskromatograf, mest anvdnd
dven i Finland
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REX

avtomatiska vagar
Optisk skala fér hela om-
radet.

Hélje och skdlar helt i
rostfritt stdl.

Modeller fran 100 g till
120 kg.

Priser fr. 72.800:—

Generalagent: oy A. I LM o N E N Ab

Mikaelsg. 9. Helsingfors. Tel. 14 577
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