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Formation and properties of poly
(phenylene sulfides)

Bo Hortling

Department of Basic Instruction in Chemis'ry, Faculty of Agriculture and
Forestry, University of Helsinki, Helsinki, Finland .

Abstract

A short review of the literature on the formation, properties and use of
poly(phenylene sulfides) is given.

Introduction

During the last ten years there has been a lot of research in
the field of polymers which are stable at high temperatures.
Many products have the required stability, but they are difficult
to form into useful objects, as for example the poly(phenylene
oxides). Heat resistant moldable polymers !, which have already
been introduced commercially are for example the poly-2,6-
dimethyl-1,4-phenylene ether (PPO), the polyimides (Kapton)
and the polysulphones. A new polymer, which fulfils the re-
quirements for stability at high temperatures without losing the
properties of the resulting polymer to be manufactured, is the
poly(phenylene sulfide).

Poly(phenylene sulfides) were obtained as early as at the
end of the 19th century 2 % although they were by-products,
which were not more closely examined.

Leuckart obtained in 1890 and Parekh and Guha in 1934 a
highmolecular p-phenylene disulfide, by oxidation of dithio-
hydroquinone. The compound was described as an amorphous
powder, insoluble in most common solvents, that did not melt
at temperatures below 300 °C. When benzene was heated with
sulfur and AlCl;, Genvresse obtained in 1898 an amorphous
material which melted at 295 °C. Deuss obtained similar products
when he treated thiophenol with AICL,.

Many simple aromatic sulfide derivatives, as diphenyl sulfide,
diphenyl disulfide, phenylhexasulfide and thianthrene have been
prepared from benzene in the presence of sulfur or sulfur-
chloride and a suitable catalyst. Glass and Reid obtained a resin
at 50 9, yield when they heated benzene with sulfur at 350 °C..
As byproducts they obtained thiophenol, diphenyl sulfide,
diphenyl disulfide and thianthrene.

By self-condensation of thiophenol in concentrated sulfuric
acid Hilditch obtained in 1910 a polymeric material, which
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d at 290 — 5 °C. Tasher and Jones prepared a resinous
gsggrlilc]?oo?r? 1909, by reacting thiophenol with thionyl chloride.

Preparation of poly(phenylene sulfides)

‘he aromatic sulfides with high molecular weights wer?‘at
ﬁr;.lt-hi)ri;mred according to the Iriedel-Crafts syntlu?sias. {fhe
monomers were aromatic compounds, which I'ea-cterd‘ wit ]} U : 11!1
or sulfurchlorides and Friedel-Crafts catalysts. The l_x:eccla -
Crafts reaction resulted in polysubstituted products, w ich (f;-
creased the preparative value of the reaction. I-I't.)\.veva:,'b)ly
choosing suitable catalysts and reaction lcond'ltmna, it is possible
to direct the reaction in a fu}rmu'a,hle direction. ‘ ]

The nucleophilic substitution reactions have a gma{:er (:i:)m
mercial significance in the preparation of pol_yigp ony (;;ua
sulfides), than the Friedel-(irfl-fts reactions have. Dw 1;nt‘g_:; .Te
nineteenforties Macallum 2 mvesslnga}ted reactions ;: ween
sulfur, sodium carbonate and aromatic compounds con :1\:1.1315;
halogens. He got plastic resins, which melted at higt tem pell a futliefs
and which had rather high molecular weights. At the enc foti he
nineteenfifties Lenz et al.? investigated the meo.hamsmg of .lelse
reactions. At the same time and later d:f{'qrm}t methods, t;u t ;1(-3
preparation of linear poly(phenylene sulfides) were developed.

Preparation of poly(phenylene sulfides) according to
electrophilic reactions

ri B eaction is strophilie reaction, which

The Friedel-Crafts reaction is an electrop which

is catalyzed by Lewis acids, i. e. electron acceptors. le.m. -l.‘];{(,.

Triedel-Crafts reaction is applied to the production of M(m-li]: ic

sulfide- and polysulfidepolymers ¢ one gets products according
to the following scheme,

0O x =i
n

I
(I) (m

ssides benzene also be phenanthrene, anthracene,

nag}lt:;:?gre b{if substituted derivatives of these compounds.
(I1) =S5, SCl,, S,Cl, ) ' 3 fop
As catalysts common Friedel-Crafts catalysts are tlg{: i
example AlCl,, FeCly and H,S0,. Many cam‘lysts‘ nu?‘ e ]]J v
pared in situ and are then very effective. Starting 1<l}m hcx
zene, sulfur and AICIl; the products were non-linear po y(pl end
ylene sulfides) with thianthrene as a by-product. The smcrlu? {Lllll
of results are obtained when AlCI, or sulfuric acid is used in the
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self-condensation of thiophenol. 1. I. Yukel et al.5 obtained from
reactions between m-xylene, sulfur and AlICl, at 80—90 °C
polymers with the structure (IIT). ’

)
Me Me
n
(1)

Binenfeld and Damanski ¢ investigated the products which
were obtained when naphthalene, anthracene and phenanthrene
reacted with sulfur monochloride. Catalysts were formed in
situ, by reactions between sulfur monochloride and bismuth
tin or antimon., The reactions were performed in chloroform
or carbon tetrachloride at 50—60 °C.

The products are amorphous, melt between 100 and 110 °C
and are a compound of f, - and g, f'-substituted products. When
these polymers are heated to temperatures above 90 °Cf one gets
products with high molecular weights. ?

Toluepe reacts in the same way as anthracene, ete. The poly-
mersh W}tl;l(gl are .ii(.)rmed (fontain about 38 9, sulfur. When 'théy
are heated in silicon oil to 278 ° ol 'S Wi sular
STl Fl Gt e C, polymers with molecular

It is also possible to get aromatic polysulfides when aromatic
compounds are heated in sulfuric acid 7 sulfur. Depending
on the starting material the polymer contain 10— 90 9 sulfur.
The reaction of diphenyl ether ® with S.Cl, (x=1, 2) in chloro-
form is an excellent example of the effect of the Friedel-Crafts
catalysts. When SCly-Fe is used as catalysing system a linear
cerystalline polymer, poly(p-phenyleneoxy-p-phenylenesulfide)
with high thermal stability, is formed (2).

(2 n@-O@ + scl, L2

If Sf(}‘l?_—Fe (l)r Szclz-lie(ila is used as a catalysing system an
amorphous polymer, which contain p-phenyleneoxy-p-ph -
enedisulfide bonds, is formed. . Pphenyeneoxy-p-phongl

When AICl; is catalyst only low molecular compounds are
formed (3).

mEm

0
0 oD - s 4% QIO
S
O
S
It is also possible to prepare naphthalene- and phenylene

methylene polymers, by reacting aromatic alkali metal comple-
xes ¢ with a sulfur mono- or dihalide.

Preparation of poly( phenylene sulfides) according to nucleophilic
substitution reactions

An aromatic nucleophilic substitution reaction ® may happen
according to two different reaction mechanisms:
1. The addition — elimination mechanism:

Nu
X XoeNu  XseNu  XseNu
* NU: # @ ©- “@ : : X-
2. The elimination — addition mechanism (benzyne mecha-
nism):

A y A
& el e S

Among the reaction products below only a small amount of
position isomerism occur, which indicates that the benzyne mech-
anism is not probable in these reactions.

In the nineteenforties Macallum ® prepared aromatic sulfur
containing polymers from sulfur, sodium carbonate and aromatic
compounds containing halogens, for example p-dichlorobenzene
and 1,2,4-trichlorobenzene. The syntheses were made in sealed
glass tubes under nitrogen and at 290—350 °C. The products
obtained by Macallum had fairly good chemical and physical
properties. Lenz et al® therefore investigated in the nineteen-
fifties the reaction mechanism, the structure and the properties
of the products of the Macallum polymerisation.

Gardner and Frankel 1 had shown that in molten sulfur at
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temperatures above 190 °C sulfur diradicals are formed through
homolytic scissions of the sulfur chains. The concentration of
the diradicals grows, when the temperature rises, and is 1073
mole/l at 300°C. According to Lenz et al?® the diradicals react
with p-dichlorobenzene according to (4), in the initiation step.

Cl

Cl Sy
) + S, —> @ +Cl: or %

Cl Cl Cl

+
I

In the propagation reaction the carbonate ion acts as a nucleo-
philic reagent, and reacts with the substituted sulfur chains (5).
In this reaction the thiophenoxide ion, which is a very strong
nucleophile, is formed and reacts with the monomer (6).

%f S'Na"

(5) c1—@cu +Naf0;—e Cl@ﬂ) + Na0S,,_;+CO0,
S"Na* s@cm

(6) Cl@(}l) +Cl@Cl——C@CU + NaCl

Af{?er these reactions the sodium sulfide, that is formed in the
reaction between sulfur and sodium carbonate, reacts with the
end groups of the polymer chains (7).

Na,S + Ci s—PN——Na*BQ-s-PN +
NaCl

c1@-c1+Na*'s©-s—PN —
C@s_PN+1+ NaCl

The polymers. Lenz et al. obtained ' were not completely lin-
ear; they contained cross-linked structures and ring structures

(7)

N

) \Q:z:@/ —@—s@\;s_

(8), which of course were unfavourable for the properties of
the polymers.

To get linear polymers Lenz et al. investigated the self-
condensation of alkali metal p-halogen thiophenolates!?. The
reaction is a nucleophilic substitution reaction (9).

)
® x<’;>-s‘,~4+ ——{@s} + MX
n

M=Cu, Li, Na, K or Ag

X=T, Cl, Br, J or N, X~

The polymerisation can be performed in solid state as well
as in solution. In solid-state polymerisation, the reaction tem-
perature should be 10— 20 °C below the melting point of the salt,
which should be extremely clean, otherwise cross-linked poly-
mers are formed. If the polymerisation is made in solution there
are more possibilities to vary the reaction eonditions. Suitable
solvents are pyridine and chinoline.

The methods mentioned above have been combined and de-
veloped, in order to get linear poly(phenylene sulfides) with
good properties. In the patent literature a great deal of different
methods are described.

According to a US patent 3, different polyhalo-substituted
aromatic compounds are reacted in polar solvents with metal
sulfides. The polymerisation is performed under nitrogen in a
steel tube because of the great pressure developed during the
reaction. The most usual solvents are hexamethyl phosphora-
mide (HPM) and N-methyl-2-pyrrolidone (NMP), and the most
usual metal sulfide is Na,S - 9H,0.

It is possible to get substituted poly(phenylene sulfides) by
copolymerizing for example 2,5-dichlorotoluene or 2,5-dichloro-
aniline with 1,4-dichlorobenzene. When the amino groups in
the copolymers react with dicarboxylic acids, amide bonds are
formed, which connect the poly(phenylene sulfide) chains, and
a cross-linked stable polymer is formed.

When using an excess of a metal sulfide in these syntheses this
results, after acidifying, in mercaptan end groups. If the mono-
mers are used in excess, halogen end groups are formed in the
polymers, and they can be changed into hydroxyl groups. Poly-
mers with this kind of end groups might be coupled to other
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polymers and form new polymers, with high molecular weights
and favourable properties.
If a poly(phenylene sulfide) with low molecular weight is
needed chlorobenzene may be used as a chain terminating agent.
Completely linear poly(phenylene sulfides) may be prepared
from the alkali metal salts of aromatic binuclear dithiols (IV )14

H S-@ Z@-SH

Z=0,5,CH,, C(CH,),
(1)

a-l.’l{l aromatic dihalogen compounds as 1,4-dichlorobenzene, 1,4-
dibromobenzene and 1,4-dichloronaphthalene. The reaction is
performed in a strongly polar solvent (N-methylpyrrolidone or
dimethylsulfoxide) at 200—210 °C. The salts of the dithiols are
prepared in the solution from the corresponding metal hydro-
xide — water solution and an equivalent of the dithiol. The
water is removed by azeotropic or vacuum destillation. The
polymers have the best properties when the molecular weights
are 104 to 3 - 104,

Baron and Blank ' have prepared poly(arylene sulfides)
which contain thioether, ether and sulphone bonds. In the
polymerisation reaction 4,4’-biphenyldithiol or 4,4"-biphenyl-
ether dithiol react with 4,4'-dichlorobiphenylsulphone. Kreu-
hunas 1% has earlier prepared polymers of the same type.

The properties and use of the poly(phenylene sulfides)

To date only the properties of unsubstituted poly(phe:
suliides) have been investigated thoroughly. R

Generally poly(phenylene sulfides) which contain substituents
have a ]0w53r crystallinity, molecular weight and thermal stability
than .1;!1&_3 linear poly(phenylene sulfides), at the same time the
solubilities of the substituted polymers increase. The above
effect of I;}:ne substituents on the properties of the poly(phe-
nylenp sulfides)'” have also been noticed for cross-linked and
substituted polymers, prepared according to the syntheses of
Macallum and Lenz. The introduction of substituents increases,
however, the possibilities to couple the poly(phenylene sulfides)
with other polymers.

Polybenzoid structures like polynaphthylene and poly-
phenanthrylene sulfides are mixtures of f,4- and f,f ~isomers
a\nd ti'ferefore low melting (95— 110 °C), soluble and amorphous.
The biphenylene sulfid polymers are p,p’-substituted and have
Sg;lsequently a high crystallinity and a high melting point (> 300
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The properties of linear poly(phenylene sulfides) have been
investigated thoroughly. H. A. Smith ¢ has given the data in
table 1 for the physical properties of the poly(phenylene sul-
fides).

Table 1. The properties of the poly(phenylene sulfides)

Crystalline melting point 287 °C

Tg 150 °C

Density (gfem® at 25 °C) 1.362

n 10— 5 - 104

Melt viscosity (303 °C), P 7-104—2 - 10°

Intrinsic viscosity (250 °C, diphenylether) 0.166 dl/g, M,=10*

Crystallinity High

Hardness (Rockwell B) 100—-112

Coofficient of thermal expansion, em?/g-deg

< 150 °C 0.93 - 107

> 150 °C 5.68 - 107

Radiation stability Inert to UV and *°Co;
partially erosslinks under
1000 Mrad dose of 2
Mev electrons

The poly(phenylene sulfide) is thermally stable up to 350 °C
in air. At 400 °C the polymer is stable for a short time in air and
for a longer time in nitrogen. Because of the high erystallinity
the polymer is brittle, the tensile strength for an undrawn fiber
is ~8000 psi, and ~23000 psi for a cold drawn fiber. The elec-
trical properties are good; within the frequency area 10° —
5 - 107 cps the value of the dielectricity constant is 2.55— 2.68.
At temperatures below 175 °C the poly(phenylene sulfides) are
insoluble. The best solvents at higher temperatures are chlor-
inated biphenyls but also aromatic ethers, ketones and substi-
tuted hydrocarbons may be used when one prepares dilute so-
lutions at 250 °C.

Strong oxidants oxidize the sulfide bond, but the reaction
happens only at the surface of the polymer. The halogens react
in the same way with the poly(phenylene sulfides).

It is possible to mix the poly(phenylene sulfides) with fillers,
pigments, stabilizers, plasticizers and other polymers.

By choosing suitable fillers it is possible to prepare polymers
which are useful at ultra high temperatures. These kind of
polymer blends have use in the area of ablatives.

Cross-linked poly(phenylene sulfides) are good adhesives for
glass, aluminium and stainless steel. The polymers are also suit-
able for electrical purposes and as coating materials. The sub-
strates must, however, be temperature stable, because the coating
temperatures are high.

Poly(phenylene sulfides) with low molecular weights may be
used as lubricants 18, 1% at high temperatures.
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It is obvious that the poly(phenylene sulfides) wi
. TR . i ll l : N
cellent: possibilities in areas, which need thermzz.ll‘;l stul-g;l? ;rfd
chemically inert polymers with good electrical properties,
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The Nitroxyl Radicals as
Probes of Lipid Structure I
General Properties of Radicals

Pertts Tormdld, Jaakko Brotherus and J. Johan Lindberg

Department of Wood and Polymer Chemistry, University of Helsinki,
Malminkatu 20, 00100 Helsinki 10, FPinland and Department of
Biochemisiry, Unitversity of Helsinki, Haartmaninkatw 3,
00290 Helsinki 29, Finland

Abstract

The properties of the static spin Hamiltonians of nitroxyl radieals and the
effects of random or non-random motions on the parameters of the Hamiltonians
are reviewed. Emphasis is put to the topies pertinent to the structural chemistry

of amphiphilic compounds.

During the last years the spin probe technique has become
an important method to study the degree of order, the stiffness,
the orientation, the mobility, the tightness and the fluidity of
surfactants and lipids.

In this method, to the molecular system free nitroxyl radicals
with suitable chemical properties are bound by polar or nonpolar
forces. Thus the electron spin resonance (ESR) spectra of nitro-
xyl radicals give information about the mutual relations of the
surrounding molecules,

Most nitroxyl radicals that have been used as spin probes

have the following general formula:

The unpaired electron is localized largely in a p-orbital on
the nitrogen atom. A common convention is to fix the molecular
coordinate system so that the p-orbital is parallel with z-axis
and perpendicular to the x-and y-axis. General methods to

synthesize nitroxyl radicals ave reviewed in literature 1234 ag
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also their application in the biophysics of macromolecules and
macromolecule-lipid systems 5,9,

The paramagnetic resonance spectra of nitroxyl radicals in an
external magnetic field can be put into a quantitative form
through the use of the spin Hamiltonian,

H=-p-H,-g-S+8-T-I (1)
where £, ﬁo, s_g, S, T and T are the Bohr magneton, the external

magnetic field, the g tensor, the electron spin operator, the
hyperfine tensor and the nuclear spin operator. Here it is assu-
med that the concentration of radicals is so low (<1078 M) that
the intermolecular dipole-dipole interaction and electron ex-
change are neglible.

H is composed of an isotropic and anisotropic part:

H=Hiso+Hani_s—o _ Sy (2)
Hoom pog Hy Bta-T-8 : )
H aniso — -ﬁ-Ho-g"S-FS'T/'I (4)

The parameters g and a are the isotropic g-value and the
isotropic hyperfine coupling constant, respectively. They are
defined by g = § (g.+8&,+g) = § Trganda = } (T, +T,+T,) =
3 TrT. g" and T" are traceless tensors. Their components are
related to the total g and T tensors through the relationships:

g =g'+g (5)
T, =T/+a (6)

The elements g, and T, (i=x, y, z) manifest themselves as
the middle point of the spectrum and the distance between two
adjacent hyperfine lines (in Gauss), respectively, when the
radical is oriented with its it" coordinate axis parallel to the
magnetic field. They can be determined by incorporating the
appropriate nitroxyl radicals in a diamagnetic host single erystal
(with a known crystal structure) and measuring the ESR
spectrum in various directions in respect to the external magnetic
field (see Fig. 1) 7%,8,%10 An other, less accurate method to deter-
mine the tensor values is to measure the amorphous or poly-
crystalline glass spectrum of the system at~100°K and to
analyze it assuming a Gaussian line broadening and complete
randomization of orientation with respect to the external
magnetic field on a macroscopic scale ™. In principle the values
of g and T along the x, y and z axes can be measured from the
glass spectra *2, but usually one must assume an axial symmetry
because of the low resolution of spectra '® (Fig. 2).

g=2.0036

i ylni sadicals i : hyl-1,3-
SR spectra of di-t-bubyl-nitroxyl radicals in & tetramet
one hggi. orystal. The erystal has been |-.<:tata_d to ahglnAivh;z];aboi
b tic field with the x, y and z axes of radicals in cases 1A, 1b anc
’llgoizs;:;:%in;?o]y. Each hyparﬁne’ component corresponds to the interaction of
' tho froo spin with BN nucleus (M= — 10 or +1) (7).

IMigure 1. The
eyelobutanedi

m
g1
rri
9;
136
2A $
1 | __I?.T3
93
m 12G
gl el
Z.E/\-\/\/._\/
\ 1 12T,

i i ical in 0.5
b TSR spectrum of peroxylamine disulfonate radical in
£ rlhlt;s{l::t 7;9;( (12), EB,I',l‘he ESR spectrum of di-t-butylnitroxyl

in & toluene-cyclohexene glass at 100°K (13).

Figure 2.
M KNO;—H,0 g
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If the nitroxyl radicals ave in a solution of low viscosity (eg. in
benzene) at room temperature they are in a rapid rotational
brownian motion. This leads to a complete averaging of the
anisotropies of the g and T tensors eg. g’ and T’ of equations
4 — 6 approach O. Then the resultant spectrum consists of three
identical peaks (caused by the interaction of the unpaired elec-
tron with 14N nucleus, whose spin quantum number is —1, 0
or +1, see Fig. 3). The rotational correlation time of radicals is
then 7~1071 s. 7 can be explained as the time required for a
nitroxyl radical to turn a complete rotation around its axis.

g 2a

6G
el

Figure 3. The ESR spectrum of nitroxyl radical (2,2,6,6-tetramethylpiperidine-
l-oxyl), in benzene at room temperature.

The isotropical values g and a of equations (3 — 6) are obtained
from the midpoint of the spectrum and from the separation of
the peaks, respectively. The isotropic coupling constant a is
dependent of the p-electron density on the nitrogen nucleus.
This is affected by polar interactions with the surrounding me-
dium so that the coupling constant is a measure of the solvent
polarity around the probe. The value of a for a nitroxide is
typically 1 or 2 G smaller in hydrocarbon solvents than in
water 4,14,

In viscous liguids the tumbling rates of the molecules become
slower and the averaging of the tensors is far from complete.
This leads to the broadening of the hyperfine components in
such a manner that the high field peak broadens most. The
tumbling rate of isotropically moving nitroxyl radicals in the
viscous solutions can be calculated by means of the knowledge
of the elements of g and T tensors and the measured line widths
of hyperfine components. The line width contributions can be
calculated with the Redfield relaxation matrix theory as applied
by Freed and Fraenkel 15,18 or with the theory of Kubo and To-
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mita as applied by Kivelson1%:18, In the case of nitrox'yI radicals
both of these treatments lead to the following expression for the
line widths 1%

T 5 1 (04 T+ 5 (A 5+

+% BIME - (1 — ‘_51) + % b4y HM (§+u):| T (7)
where

4y = % [g,—%(gﬁgy)] (8)

b= g [n-j )] ©)

b= iﬁ; (10)

w, is the Larmor frequency of the electron in the applied
magnetic field H,. Eq. (7) is valid only when the following
conditions are satisfied:

a) (T +T,+T,)/3w,<1; .

b) T ,~Ty and g ,~g, (e.g. the tensors are axially sym-

metrical)

¢) the rotation is isotropic and

d) T,(M)>v7 19,20
Combining the equations (7) for different hyperfine combonents
(M=0, +1), and assuming sufficiently slow rotations to make
u=0, the following equations for calculation of = are obtained
(cf.ref. 21):

T(l)=<AH1 B AH-1> (153\/_3 AHo) a1

AH, ~ 4H,/ \'8 H b 4y
_(4H, 4H-, ) <4nv 3 h> I
t(2)_<AH0,+AH0 )\ (12)

where 4 H,=the peak to peak width of hyperfine component
(M =i) in Gauss, the unit of b in these equations is Gauss. r]_?he
equations are valid in the 7 range from 5x 107" s to 1x107% s
and they should yield equal values to 7. The correlation time is
related to the radius (r) of the tumbling molecule and to the
viscosity (57) of the solvent by the simple Stokes expression

_tngr (13)
3k T
The measurement of slow correlation times in the region where
the ESR spectrum of the sample approaches the polycrystalline
powder spectrum (cf. Fig. 1) has been hampered by a lack of
quantitative theory. Computer simulations? have given only

T
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approximate picture about the situation. Theoretical work on
the subject is in progress in several laboratories 23,2425, Recently
Shimshick and McConnell 26 have published a convenient
relationship between v and the shift of the position of the high-
field peak from its position in a powder spectrum (4):

A =constant - 7-% (13)
The equation (13) serves for the calculation of the correlation
times in the region of about § - 107 —1077 sec, which makes it
useful to study the rotational diffusion of macromolecules.

In an oriented medium (eg. in liquid chrystals and lipid
membranes) the motion of many radicals is not isotropic. The
oriented molecular matrix surrounding them allows the rotation
of the spin probe only around one axis. If the rotational diffusion
around this axis is very rapid, the spin Hamiltonian of the system
is equivalent with a fictitious static species with cylindrical
symmetry 92,2728, The components of T-tensor parallel (Ty)
and perpendicular (T]) to the sylinder axis are obtained from
the original components by the equations

T =a? T+ﬁ2T+2T o (14)

Ty =} (=) To43 (1= T~} (1-) T, \15)
where o, § and » are the dlrectlon cosmes of the angle between
the axis of the rapid rotation and the princiapl axes x, y and z
of the molecular spin Hamiltonian. The components of the

g-tensor have analogous expressions with the above 92,27, The
components of the averaged tensors are easy to determine, if
sufficiently large samples of well oriented material are avail-
able 10,2629, They can also be evaluated from a macroscopically
isotropical “polycrystalline” sample according to Fig. 4.

—_r ZTJ_

gL

Figure 4, The ESR spectrum of a nitroxyl radical (N-oxyl-4’,4’dimethyloxa-

zolidine derivative of a fatty acid) in lecitin dispersion as an example of radical

with a eylindrically symmetric effective spin Hamiltonian caused by rapid
anigotropic rotational diffusion (9).

Often the orientation of the radical molecules is not perfect or
there is a wobbling motion or rapid random fluctuations of the
symmetry axis around its principal orientation. The interpreta-
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tion of the spectra then becomes more difficult, but the overall
form of the spectrum, however, remains the same as in Fig. 4.
It has been discovered that the mean angular deviation (O)
between the axis of rapid rotation and the axis of wobble can
be expressed by means of the order parameter S, which have some
useful properties 26,27,28,30, Tt is defined by

S=1 (3 <cos?®) —1) (16)
Experimentally it is obtained from the equation
T, '—-T1'
S=——u—— 17
T|| _ TJ_ ( )

where T’ and T’| are measured from the spectrum according
to Fig. 4 (They should not be confused with the anisotropic
tensors of eq:s 4-6). T,, and T, are the components for a perfectly
oriented rapidly rotating molecule. Luckily, the structures of
the spin probes used to orientation studies so far, are such that
the molecular z-azis is either parallel or perpendicular to the long
axis of the probe, which evidently is the axis of the rapid rota-
tion. This makes it easy to calculate the quantities Ty and T)
from the known values of T,,T, and T,. Values of S close to 1
correspond to a highly amsotroplc motion with a small angular
deviation. S=0 represents the other extreme of a completely
isotropic motion. When 8 < 0.3 it cannot be measured from the
spectrum of a macroscopically isotropic sample. Computer si-
mulations show that also this kind of small motional anisotropy
can be deduced from the intensities (and widths) of the three
hyperfine components 3.
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A CNDO/2 Calculation of the Conformation
and Torsional Barrier in Anisole
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Abstract

The total energy of the anisole molecule as a function of the torsional angle
of the methoxy group has been calculated using the CNDO/2 approximation.
Two orientations were chosen for the methyl group, giving minimum respective
maximum steric interaction between the methyl hydrogens and the ortho hydro-
gens in the ring. For the former model the calculations predict minimum in total
energy for the planar conformation, whereas the latter model gives minimum
in energy for an out of plane angle of 45°. The influence of the rapid reorientation
of the methyl group on the effective conformation of the molecule is discussed.

Introduction

In a recent study?! the torsional barrier in anisole was cal-
culated using the Extended Hiickel approximation developed
by Hoffmann 2.8, According to the results obtained, the equilib-
rium conformation of anisole should be a nonplanar one, the
torsional angle ©® between the plane of the ring and the plane
contalnlng the atoms C,,, O and C,, being 75°. However,
in the previous calculations only one orientation was used for
the methyl group. In addition, it has several times been de-
monstrated, that the Extended Hiickel approximation sometimes
predicts unrealistic equilibrium conformations, especially when
the electronegativity differences between the atoms in the mole-
cule are large!. Molecules containing atoms with lone pair
electrons represent a further complication 5. The approximate
method with Complete Neglect of Differential Overlap, version

2 (CNDO/2), developed by Pople and coworkers %2, 8¢, ig known
to give qualitatively correct results also for such molecules.
In view of this fact it seemed worthwhile to apply the CNDO/2
method to the conformational problem of anisole. CNDO/2
calculations on anisole in the planar and ® = 90° conformations,
with the orientation of the methyl group, have been reported
earlier’”. However, these two torsional angles alone do not give
enough information of the conformational behaviour of the
methoxy group.

Method

The CNDO/2 method was applied to anisole with the usual
parameters b, 6. The geometry of the molecule used in the
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c.alculatiol?s, shown in fig. 1, was obtained from electron diffrac-
tion data for anisole,® (compare also similar data for methy!l vinyl
ether ? and benzene 1) and is slightly different from the geometry
used in the previous caleulations 7. For the different conforma-
tions all the various bond lengths and bond angles were kept
constant, only the torsional angle and the orientation of the
methyl group was varied. Two different orientations were given
to the methyl group, and these were chosen to give minimum
respective maximum steric interaction between the methyl
hydrogens and the ortho ring hydrogens. Minimum interaction
is found with the methyl group oriented as in fig. 1 (model A),

Fig. 1. Bond lengths (A) and bond angles in anisole.

and maximum interaction with the methyl group rotated by
180° (model B). These nonflexible models are of course only
approximations. In principle the entire geometry of the molecule
should be reoptimized for each conformation 5. However, this
is not feasible in the present case.

The calculations were performed on a Burroughs 6500 com-
puter at the Computing Center of the University of Helsinki,
The program used was the CNINDO program written by Dobosh
and distributed by the QCPE organization 1,

Results and Discussion

The calculated total energies of the molecule with the two
models, for different torsional angles are given in table 1, and
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Torsional Eiot (eV)

angle Model A Model B
0 — 1994.5418 — 1994.3281
15 — 1994.5272 — 1994.3819
45 — 1994.4921 — 1994.4697
75 — 1994.4806 — 19944474
90 — 1994.4781 _ 1994.4434

Table 1. The total energy of anisole for different torsional angles.

Etot(eV)
| 1] ] ) |
4199430
A
Iy
199440 | .
A (Y
A
o O
-199450 |- o -
)] =
I | 1 1 1

°© 1° 30 4 6 75 90

Fig. 2. The total energy of anisole as a function of torsional angle with two
different orientations for the methyl group. O =model A, A =model B.

a plot of total energy versus the angle of torsion is shown in
fig. 2. minimum total energy with model A is found for the
planar conformation. The energy difference between the planar
and @ =90° conformation is 0.0637 eV (6.15 kJ/mole) (according
to the calculations of Helgstrand 0.0642 eV, due to the different
choise of geometry). On the other hand, with model B, the mini-
mum total energy occurs for the torsional angle 45°. The differ-
ence between the planar and @ = 45° conformations is 0.1416 eV
(13.7 kJ/mole), and between the @ =45° and @ =90° conforma-
tions 0.0263 eV (2.54 kJ/mole). Thus, the differenc in energy
between the planar couformations of model A and model B is
0.2053 eV (19.8 kJ/mole). As the torsional oscillations of the
methyl group are rapid compared to the oscillations of the metho-
xy group around the O-C,. bond, the torsional frequency being
216 em™112 and 108 —115 cm™112,33 respectively in the liquid
state, the methy! group may have any orientation during the
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passage of the ortho hydrogens in the plane of the ring. The
refore, assuming no coupling between these torsional oscillations,
this difference of 19.8 kJ/mole may be regarded as a measure of
the torsional barrier in anisole. The agreement with the experi-
mentally observed barrier, 25.2 kJ/mole!2,3,14 is reasonable.
However, the nonflexible model used is known to predict too
large torsional barriers 1% 5 hecause it does not allow for vari-
ations of the bond lengths and bond angles during the torsional
oscillations 1%, Furthermore, the allowance of gearing of the
methyl group % (coupling of the two torsional oscillations)
during passage of the ortho hydrogens should considerably
lower the calculated torsional barrier. As the present calculations
using the nonflexible model predict a torsional barrier lower
than the experimental one, it seems evident, that for instance
long-range interactions, significant for the barrier production
in anisole, are neglected with the overlap integrals in the CNDO
approximation.

No definitive experimentally established structure for anisole
is yet available. Usually it is assumed that anisole has a planar
heavy atom skeleton, although also other opinions have
appeared 17,19:18,1 The assumption of a planar molecule is sup-
ported indirectly by UV and photoelectron spectral studies 20,21,
and by consideration of the resonance energy 2%%. Also preli-
minary results from an electron diffraction study of anisole ®
show that the conformation with the heavy atoms coplanar is
the most stable one. However, slightly better agreement between
the experimental and theoretical radial distribution curves was
obtained if 10 9%, of a second conformation with a torsional angle
of 90° was mixed in. As pointed out by Brendhaugen, Seip and
Seip®, such a mixture of two conformations would also explain
the apparent torsional angle of 18°, obtained by Aroney and
coworkers 17,78 from dipole moment and molar Kerr constant
measurements.

The anisole molecule represents a complicated dynamic prob-
lem. However, from the present simplified calculations it seems
evident, that the molecule could gain considerably in energy,
if the side chain for the instantaneous orientations of the methyl
group, corresponding to model B moves out of plane.
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Abstract

The cation radical of 4,4'-dimethoxybiphenyl has been prepared in con-
centrated sulfuric acid and its electron resonance spectrum recorded at different
temperatures. It is shown that the spectrum already at room temperature can
be analyzed in terms of three coupling constants, without inwoking the effect
of cis-trans isomerism. Through a complete deuteration in the aromatic system
the coupling constant 1.55 G was assigned to six equivalent methoxy hydrogens.
The assignment of the larger of the two remaining coupling constants 1.68 G
to four equivalent ortho hydrogens was based on molecular orbitel celculations
using the INDO approximation, leaving the third coupling constent 0.69 G
to four equivalent meta hydrogens. The ortho coupling constants show tem-
perature dependence.

Introduction

When aromatic hydrocarbons are dissolved in concentrated
sulfuric acid, the following three reactions may occur, namely
protonation, oxidation and sulfonation, The first stage in the
reaction series is a rapid protonation !:

H

4
ArH4+ HTt = Ar

H
In the presence of an electron acceptor A, the proton complex
is oxidized. If the oxidation is a one-electron oxidation, a cation
radical ArH™ is formed:1,?
H
+/
Ar
\H
In sulfuric acid, SO, or its solvate or dissolved molecular
oxygen may act as electron acceptor 1,2 Due to the equilibrium
established between ArH', and ArH™; the conversion to the
cation radical is often incomplete in concentrated sulfuric acid.

Radical concentrations of less than 1 9, of the parent compound
concentration have been reported 4, but in some cases, e.g.

+ A = ArHt. + A- + Ht
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perylene, the conversion is almost complete 1,2. The form of the
expression giving the equilibrium ratio between the concentra-
tion of ArH,* and ArH** is not yet definitively known. However
several studies indicate that the main contributions are those
of the oxidation potential of the parent compound, the electron
affinity of the oxidizing agent and the polarity of the solventl,?3,
Besides the formation of proton complexes and cation radicals
also sulfonation may occur in concentrated sulfuric acid. The
most likely attacking agent is H,S,0, (the solvate of SO,) in
this medium®. A o-complex is formed and finally the C—H
bond is broken:
SO,H

+,/
ArH + SO4(H,80,) = Ar + HSO~, = ArSO;H + H,S0,
H

The role of the proton complexes and the radical ions in the sul-
fonation reaction is still unknown.

The cation radical of 4,4"-dimethoxybiphenyl has been studied
previously several times in different solvent systems. In the
first study by Buck, Bloemhoff and Oosterhoff, the radical
ion was detected in a solution of aluminium chloride in nitro-
methane, both with UV- and electron resonance spectroscopy
It was stated that the “solution exhibits strong ESR”, but noth-
ing was said about eventually detected hyperfine splitting. In a
study by Allara, Gilbert and Norman 7 the radical was obtained
through a one-electron oxidation in the system lead tetra-
acetate in methylene chloride in the presence of boron trifluoride-
ether complex. They also investigated the radical in degassed
solutions of aluminium chloride in nitromethane and found that
the electron resonance spectrum was resolved in twentyone
components. The spectra obtained in these two solvent systems
were identical. The assignment proposed was: aqy,=a,,=1.73
G and ag, =0.87 G. In a more recent paper Forbes and Sullivan 8
reported the reexamination of the cation radical of 4,4'-di-
methoxybiphenyl in the AICly-nitromethane system which was
thoroughly degassed on a vacuum line. The spectrum was
recorded at different temperatures down to — 60°C. Under these
conditions most of the previously detected twentyone lines 7
were further split into several hyperfine components. The
obtained electron resonance spectrum was analysed in terms of
three coupling constants. In addition, cis-trans isomerism for the
methoxy groups was postulated, together with a four-jump mod-
el %, in which the spin densities on the ring hydrogens in the cis-
and trans- conformations was assumed equal.

The use of concentrated sulfuric acid as the oxidizing agent
for 4,4"-dimethoxybiphenyl has also been tried earlier. In con-
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nection with their study of “molecular compounds’, Buck,
Lupinski and Oosterhoff1® reported that the complex with
sulfuric acid did not show any ESR-absorption.

In the study of the conformations of the 1,4-dimethoxyben-
zene cation radical in sulfuric acid, Forbes and Sullivan %P
stated that 4,4’-dimethoxybiphenyl did not give rise to a ESR-
spectrum under the experimental conditions used. However,
in the present study the detection of the cation radical of 4,4'-
dimethoxybiphenyl in concentrated sulfuric acid is reported.
The line widths in this solvent are considerably larger than in
degassed AlCly-nitromethane, but still, especially at elevated
temperatures the resolution is good enough to allow a complete
assignment.

Bxperimental

p-iodoanisole, the starting material for the synt}wsi‘s of 4,4’
dimethoxybiphenyl, was synthetized according to Blicke and
Smith 1. The product was purified by recrystallization twice
from methanol and melted at 50°, (lit.1! 49 — 52°C).~

4,4'-dimethoxybiphenyl was synthetized from p-iodoanisole
through the usual Ullman reaction, according to Seer and Karl 2.
The product was purified by recrystallization from methanol
and finally sublimed repeatedly at 100°C and 0.04 mm Hg until
the melting point remained constantly 173°, (lit.!* 172 —173°C).
The purity of the sample was also checked by thinlayer chro-
matography in two different eluent systems. The NMR-spectrum
ot the product in deuterochloroform with TMS as an internal
standard, shows the methoxyproton signal at §=3.82 ppm and
the multiplet due to the aromatic protons centered at 7.2 ppm.

The sulfuric acid used was a Merck Ag pro analyst product,
concentration 95 —97 %,. Dideuterosulfuric acid from the same
source had a concentration of 96 —98 9%, and a degree of deutera-
tion of at least 99 %,. Deuterochloroform and hexadeutero DMSO
were both Merck Ag Uwvasol grade reagents with a degree of
deuteration of 99.8 and 99.5 9%, respectively. Deuterium oxide
was supplied by Norsk Hydro and had a purity of 99.7 %.

The electron resonance spectra were recorded on a Varian E 3
spectrometer, operating in the X-band, and supplied with 100
kHz modulation. Care was taken to avoid saturation and modula-
tion broadening, and the sweep speed was the smallest possible
with regard to the half-life of the radical ion. The sample was
contained in a flat quartz cell, 0.9 mm thick immensed in a De-
war container in the cavity. The temperature of the sample
could be varied with thermostated air forced through the Dewar
container.

The Molecular Orbital calculations and the computer simula-
tions ot the electron resonance spectra were carried through on a

Burroughs 6500 computer at the Computing Center of the
University of Helsinki. The program for the MO calculations
was based on the FORTRAN IV version of CNINDO, originally
written by P. A. Dobosh, modified by the annihilation routine
from the FORTRAN 63 version of the same program -, The
simulation program was the ESRSPEC -, originally written
by C. S. Johuson, Jr. and M. K. Ahn, modified for the Calcomp
565 plotter. The modifications of the programs were done by
FK E. Vehkamiki at the Computing Center.

Results

When 4,4’-dimethoxybiphenyl is dissolved in concentrated
sulfuric acid, a yellow solution is formed, which gradually changes
its colour into deep green. A rather high concentration of the
parent compound (5 mg/5 ml) was used in order to obtain spectra
with a good signal to noise ratio. The conversion to the cation
radical may therefore be considered to be fairly incomplete.
The electron resonance spectra of the cation radical, recorded
at the temperatures 8, 25, 50 and 70°C are shown in figure 1.
In order to assign coupling constants to the methoxy hydrogens,
deuteration in the ring was performed. It is a well established
fact that a rapid deuteration occurs in the aromatic ring when
1,4-dimethoxybenzene is dissolved in D,S0,, whereas no ex-
change takes place in the methoxy group 4-*. The same could
be shown to be true for 4,4’-dimethoxybiphenyl. When this
compound was dissolved in concentrated D,SO,, a solution with
deep green colour was obtained. After about ten minutes, the
formation of a white precipitate began. At this stage the solution
was diluted with D,0, the precipitate filtered off and dissolved
in a mixture of D,0 and hexadeutero dimethyl sulfoxide (1 : 1).
The NMR-spectrum shows that only traces of the ring proton
signals are left, even after so short a reaction time, whereas the
methoxy proton signal is unaffected.

The electron resonance spectra of 4,4’-dimethoxybiphenyl in
dideutero sulfuric acid were run at 25 and 48°C. Higher tem-
peratures could not be employed because of the rapid decay of
the radical ion in this solvent. The spectra obtained are shown
in figures 2.a and 2.b respectively. Because exchange of methoxy
protons does not occur in D,S0,, the splitting remaining
unchanged in this solvent is due to the six equivalent methoxy
protons. The resulting septet splitting is immediately observed
in the spectra and the coupling was measured to be 1.55 . By
careful examination of the wings of the spectra recorded in
sulfuric acid, the two remaining coupling constants are found
to be 1.68 and 0.69 G at 25°C. Computer simulation, using the
value 90 mG for the line width and a pure Lorenzian line shape
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Figure 1. The electron resonance spectrum of the cation radical of 4,4’-dimetho-
xybiphenyl in concentrated sulfuric acid at different temperatures, a. 8°, b.
25°, ¢. 50° and d. 70°C.

function, confirms that the spectrum obtained at 25°C can be
completely analyzed in terms of these three coupling constants,
without inwoking the effect of eis-trans isomerism, observed by
Forbes and Sullivan® at lower temperatures.

Further computer simulations show, that the changes wnich
occur in the spectrum with temperature, could be accounted for
by variations in the largest coupling constant. The coupling
constants thus obtained for different temperatures are sum-
marized in table 1. As the largest coupling constant is assigned
to the ring hydrogens ortho to the central C—C bond, (see next
section), the temperature dependence can probably be explained
by the torsional oscillations around the coannular bond.
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Figure 2. The electron resonance spectrum of the cation radical of 4,4’-dimetho-
xybiphenyl in concentrated D,S0, at different temperatures. a. 26° and b. 48°C,

T (°C) &ortho 80CH; Bmeta
8 1.67 1.55 0.69

25 1.68 1.55 0.69
50 1.70 1.65 0.69
70 1.72 1.55 0.69

Table 1. The experimental coupling constants of the cation radical of 4,4’-
dimethoxybiphenyl in concentrated sulfuric acid at different temperatures.

Molecular Orbital Calculations

Although the three coupling constants required to analyse the
electron resonance spectra are known, the question whether the
ring hydrogens ortho or meta to the central C—C bond are re-
sponsible for the larger of the two ring coupling constants is
still open. Selective deuteration in the aromatic system is difficult
in this case. Forbes and Sullivan ® based their assignment on a

omparision with the observed splittings in the cation radical
of 3,3',5,56'-tetramethyl-4,4’-biphenol, concluding that the larger
sphttmg should be associated with the ortho positions. This was
reported to be contrary to the results of HMO calculations using
“normal’”’ parameters. In the present study the assignment is
done with the aid of Molecular Orbital calculations on the INDO
level. The SCF MO theory with Intermediate Neglect of Differ-
ential Overlap has been developed by Pople and coworkers 18,
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Figure 3. Bond lengths (A) and bond angles in 4,4’-dimethoxybiphenyl.

and this method with the usual parameters 15« was employed.
The geometry used for the molecule is shown in figure 3, and is
essentially the geometry of two anisole molecules bonded para
to each other -2, The structure of the anisole fragments was
taken from a recent electron diffraction study of gaseous
anisole 1%v. The angle between the planes of the aromatic rings
was taken to be 19° referring to the liquid state7-s7¢ (see
however ref. 17.1), and for this value of the interplanar angle,
the value 1.500 A for the central C—C bond seems to be appro-
priate 7. INDO calculations on anisole indicate that the coupling
constants show only small variations with the torsional angle
of the methoxy group around the O—C, bond'$. Therefore,
coupling constants were calculated only for the cis- and trans-
conformations with the methoxy group carbon in the plane of
the ring to which it is bonded. After annihilation of the quartet
state contaminant, the hydrogen coupling constants were
calculated from the s-orbital spin densities according to the
formula:®
ayg = 711.25 g sysy
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Figure 4. The calculated hydrogen hyperfine coupling constants in the cation
radical of 4,4’-dimethoxybiphenyl. INDO with annihilation.

Discussion
Coupling Constants

The calculated coupling constants are shown in figure 4. It
18 seen that the larger of the two ring hydrogen coupling constants
should be assigned to the ortho hydrogens. However, as a result
of the perturbing influence of the methoxy groups, which were
assumed to be in the plane of the aromatic rings in the equi-
librium conformation, coupling constants of slightly different
magnitude within each set of hydrogens were obtained. Thus,
the difference between the two values obtained for the ortho
hydrogens is about 0.1 G. On the other hand the molecule per-
forms torsional oscillations about the central C — Cbond. Although
the vibrational spectrum of biphenyl is well understood 17-¢,20,
the one outstanding gap in our present knowledge is the fre-
quency of this torsional mode. Zerbi and Sandroni suggested that




this might be 70 cm™, corresponding to a peak in the neutron
scattering spectrum. Barrett and Steele 20.c calculated the
frequency to be 60 em™ assuming a twotold barrier with a
height of 12.5 kJ/mole. In a recent analysis of the fluorescence
spectrum of biphenyl, vibrational peaks appearing at fre-
quencies being odd multiples of 635 cm™ (measured from the
0—0 band) were assigned to the torsional mode. However, as
pointed out by Barrett and Steele *-¢, such a high frecuency
would require an enormous torsional barrier, and this assignment
can therefore safely be disregarded. The methoxy groups also
performs torsional oscillations about the O —C,. bond, the tor-
sional frequency being 108 —113 em™ in anisote *,2 and 150
em™ in p-azoxyanisole in the nematic phase at 125°C?, Therefore
the time average of the coupling constants is observed in the
electron resonance spectrum. The same is true for the hydrogen
coupling constants in the methoxy groups. For the torsional
mode of the methyl group in p-chloroanisole ®! and in p-azo-
xyanisole in the nematic phase at 125°C*, the frequencies 216
em ™ and 240 em™ respectively has been obtained. Therefore,
compared with the ESR time scale, the reorientation is rapid.
In the first approximation, the coupling constants can then be
caleculated as the arithmetic average, with the methyl group
oriented with one C—H bond parallell to the carbon p, orbitals,
thus enabeling the most efficient overlap with the z-system.
In this way the value 1.88 G is obtained for the methoxy group
hydrogen coupling constant. This is in rather good agreement
with the experimental value 1.55 (t, whereas the calculated ring
hydrogen coupling constants are seriously in error.

Cis-Trans Isomerism.

The hindered rotation in biphenyl around the coannular bond
has been subject to numerous experimental and theoretical stud-
ies #,17.d Ag a result of the balance between the nonbonded
interactions and the conjugation ®®, there are two torsional
barriers in neutral biphenyl, corresponding to the interplanar
angles 0° and 90°. According to results obtained in NMR studies,
even the larger of the two barriers is small. Kurland and Wise 26
studied biphenyl and 4,4'-disubstituted biphenyls i different
solvents and obtained values for V, between 1.8 and 4.6 kJ/mole
for biphenyl. Mayo and Goldstein ** also consluded that their
results could most plausibly be accounted for by a model in-
volving very weak interaction between the phenyl groups and
free or nearly free rotation of the rings in solution. On the other
hand, analysis of the phosphorescence spectrum of biphenyl,
under the assumption that its triplet state is planar, leads to a
barrier of about 16 kJ/mole for the rotation through @=0°
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Theoretical calculations give estimates for the barrier not
exceeding 20 kJ/mole2,'7-4 and in general, in the neutral
molecule, the higher barrier value is obtained for the rotation
through ©=0° (compare however ref. 16.a and 17.d). According
to the Self Consistent steric analysis of Golebiewski and Parc-
zewski 17-¢, the reverse is true for the ion, where the value
obtained for the barrier to rotation through @=0° was only
5.6 kJ/mole. It is therefore probably correct to assume that the
force constant with respect to torsion around the central C—C
bond is small both in the neutral molecule and in the cation
radical. Accordingly the energy separation between the torsional
energy levels is small and the probability distribution curve for
different torsional angles is broad. As pointed out by Al-
menningen and Bastiansen -2 in neutral biphenyl a probability
of one half the probability of the equilibrium form, approxi-
mately corresponds to an angle of torsion of 17° away from
equilibrium in either direction. (However, the probability
distribution as a function of torsional angle is not symmetric).
As the equilibrium torsional angle is of the same order of mag-
nitude, it is seen that the probability of complete reorientation
around the central C—C bond is rather high. This is strongly
supported by the electron resonance data for the cation radical
of 4,4'-dimethoxybiphenyl in sulfuric acid obtained in the
present study. The spectra recorded at 25°C and higher tem-
peratures can be completely analyzed in terms of three coupling
constants without the additional assumption of cis-trans iso-
merism. Also the spectrum obtained at 8°C is fairly well
accounted for without such an effect.
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Museum for kemi

Tanken pé ett kemiskt museum i Finland har kommit pi ny bog genom att
det i Helsingfors inriittats ett'av en siirskild stiftelse underhillet tekniskt mu-
seum. Detta #r beliget p4 holmen i forsen i Vanda vid Gammelstaden, dar
Gustaf Wasa i tiden anlade den kungsgérd, till vilken Viks ladugard hérde som
en utgdrd. Museet ér inhyst i byggnader som tillhért Helsingfors stads vatten-
verk. Adressen #r Vikvigen 1, Helsingfors 56, tel. 90/79 70 66. Intendent ar
6verstel6jtnant Y. Malmari. Tidigare uppgifter ingdr i Kemian tiedotuksia
nr 6, 1971,

I museet inrdttas med tiden kemiska utstéllningsutrymmen, dir det finns
utrymme ocksd for flere meter hoga utstillningsféremal, énskvirda som blick-
fang. Rirliga, fungerande modeller vore #iven viillkomna. n trevlig utstiillning
fram sockerindustrin finns redan, diir det ingar ble. en stor industningspanna
av koppar och laboratorieutensilier, mot en bakgrund av fotografier forstorade
i naturlig storlek av gamla laboratorier och fabriksutrymmen. Museet har fatt
fivon sé nya féremal som elektronmikroskop och delar till den av nyligen av-
lidne prof. Wahl uppstiillda masspektrografen, den forsta i Finland, Fran
universitetets kemiska institut Regeringsgatan 5 kommer i samband med
flyttningen apparatur av olika slag till museet,

Det vore énskvért att gamla laboratorie- och andra kemiska utensilier skulle

overlatas till museet och att rum i laboratorier och i den kemiska industrin

skulle fotograferas innan de rivas och att fotografierna séndas till museet. Det-
samma giiller filmer, ritningar av produktionsprocesser och annat &skidnings-
material,

Medlemmar av Suomalaisten kemistien seuras museikommitté v nu: prof,
Teuvo Nortia vid Turun Yliopisto, tel. Abo 16 801, kemisten, konservator,
magister Anna-Maija Rinne, Nationalmuseum, tel. 44 11 81, och undert. En-
kvist, tel. 44 01 87 (lab.) S. Hesperiag. 4. Det iir meningen att astadkomma
ett niit av ombud som skulle omfatta olika grenar av kemin, Det nya museets
ayvsikt ir ¢j att tivla med redan existerande museer eller samlingar, utan frimst
att taga till vara sidant som annars ér i fara att forstéras,

Terje Enkvist

Finska Kemistsamfundets verksamhet

Protokoll fort vid Finska Kemistsamfundets &rs- och 80-
arsjubileumsméte méandegen den 13 december 1971 kI, 19.00
resp. 19.30 pd Tekniska Foreningen i Helsingfors, Niarvarande
pé jubileumsmétet var 68 medlemmar, Ordet fordes av Lars
Andersen med Lars-Olof Thodén vid protokollet.

§ 1. Ordforande éppnade arsmétet och hiilsade de niirvarande villkomna.

§ 2. Arsmotets val av sbyrolse och funktionirer var enhiilligh, Styrelsens
sammansiittning for ar 1972 iir f6ljande: TM Holger Sjiberg (ordf.), prof.
Nils-Brik Blifolk: (viceordf.), F'K Mdrta Lindberg (sekr.), doe, Lars Andersen,
doe. Gésta Brunow, FK Elsa Ehrarooth, prof. Tor-Magnus HEnari, TM Karin
Sandelin och prof. Veronica Sundman. Till kassor valdes FM Bjorn Holm till
arkivarie FM Anje Andersen och till redaktér doe. Gésta Brunow.

Till revisorer valdes ¥L Henrik Tylli och TM Nils-Erik Térnblom och till
revisorssuppleant FM Eva Castrén.

§ 3. Budgetforslaget for ar 1972, enligh vilket dvsavgiften for ar 1972 vore
oférindrad dvs. 25 mk, viickte en livlig diskussion. Manga av métesdeltagarna
ansdg en hojning av arsavgiften motiverad med tanke pd Samfundets haltande
ekonomi. Efter omristning godkiindes dock det wrsprungliga forslaget med
rosterna 19 mot 15,
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Motet godkiinde enhilligt styrelsens forslag att higskolestuderande med
kemi som huvudiimne kunde bli yngre medlemmar 1 Samfundet utan drsavgift.
Likasé godkiindes styrelsens forslag att de medlemmar vilka dnska tillhora
SKKS via en annan forening till Samfundet skall erligga en drsavgift piv 10 mk.
Funktionérsarvodena, sammanlagt 1400 mk forblir oférdndrade: sekreteraren
575 mk, kassoren 350 mk, redaktiéren 350 mk och arkivarien 125 mk.

§ 4. Motesdagarna for ar 1972 fastslogs till méndagarna: 7.2, 13.3, 24.4, 2.10,
6.11 och 4.12,

§ 5. Ordférande meddelade att priset ur bergsrddet Alfthans fond, fér den
under aret bésta artikeln i Samfundets Meddelanden, tilldelas DI Rainer Ek-
man och FD Géran Pensar for artikeln »Studies on Components of Wood. 4.

§ 6. Mag. Sjsbery tackade for det fortroende som visats honom vid valet av
ordférande och lovade att gérva sitt biista pa ordférandeposten.

§ 7. Hiireftor birjade det egentliga jubileumsprogrammet. Ordférande hil-
sade representanternn for Kemiske Sillskapet i Abo, TkL Folke Malmstrim
och prof. Anders Ringbom sirskilt viillkomna.

§ 8, Ordforande Gverlimnade ordet &t kviillens fosta foredragshillare prof.
Terje Enkvist som humoristiskt beriittade om: sBrnst Quist och Idvard Hjelt,
glimtar av tvi av Samfundets stiftare. P4 ing. von Weissenbergs forfrigan
moddelades att foredraget kommer att publiceras i S8amfundets Meddelanden.
Kviillens andra foredrag: sMinstenarnas kemiska sammansiittnings holls av
doe. Birger Witk vars forsynta humor kombinerad med ett intressant fram-
firande viickte livlig uppskattning. 1 anlodning av foredraget ytirade sig prof.
Enkvist, dv. Inchick, mag. Nordstrim, mag. Krogerus, bergsridet Hernbery,
doc. Saris och ordférande.

§ 9. Métet avslutades med supé pit restaurang Orfeus vid vilken hela 49
personer deltog. Ordférande anknét i sitt tal till Samfundets originalstadgar
och konstaterade att mycket smii forimdringar skett. Han tackade ocksé den
nya ordféranden mag. Sjdberg for de extra penningunderstéd Samfundet go-
nom hans fortjinst erhallit, och dnskade honom framging pa ordférandeposten.
Stéamningen var glad och hdjdes ytterligare genom ett bestk av ménlucian
alins Blsa Ehrnrooth som till gitarrackompanjemang av Veronica Sundmanr
framférde en synnerligen lyckad visa skriven av Karin Sandelin och Christine
Waller till melodin: Nér manen vandrar . . ..

In fidem
Lars Andersen Lars-Olof Thodén

Vid 6kat behov av

C-iiam_in c|1 kalcium...

orevit C 1000°

Forpackningar: 10, 3 x 10 och 10 x 10 brustabletter
Smakvarianter: apelsin och citron
Receptfritt pd alla apotek

SANDOZ S A N D O Z Hallonndsgatan 8, Helsingfors 21
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