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The structures of the isomers of BHC and

its related compounds have heen determined

from the standpoint of chemical reactions by
one of the present authors LTIY, Lut it is also
desirable to study the geometrical configura-
tion of the stable molecules by the measurement
of dipole moment.” Although there are several
measurements on the dipole moments of the
isomers of BHC by E.Hetland ?. S.K.K. Jatkar
and S.B.Km-km-nim 3, M. Rolla, P. Fontana and

ALM.Marinangeli #, Y. Morino, I. Mivagawa, 1.

Shife and S.Nagakura ®, and other authors®,
their observed values do not agree with each
other in some cases, and they are fir from the
values calculated by simple vector addition of
the hond moments. So on the one hand we have
measured the dipole moments of all the isomers
of BHC using the most pure samples we ob~

nincd,:is well as some isomers of monochloro-
henzene hexachloride (hepta) and of dichloro-
benzene haxachloride (octa), and on the other
hand we lave made some trials for computing
the moments which these isomers should have.

. Experimental

1.  Materials :. The solvent Dhenzene was
made free from thiophene. hy.aluminium chlo-
ride. It was then dried over metallic sodium
and distilled; the fnctmn bmled within Ol"C
was collected for use.

=A1l the.samples of BHC, hepta and octa
except d-hepta’ were the same as those used
by Oiwali8) in his chemical stu&lies. Their
purity was confirmed byy inelting points, -half
wave potentials and chlorine contents. The 8-

hepta used was given Ly M. Nakazima, which

~was prepared from y-BHC by dehydrochlorina-

tion and then chlorination?,

2. Measurement :
dielectric. canstant € of the snlutwn in henzene
were mewsured with a pycnnmeter and a hete~
rodyne heat apparatus in a manner previously

described ®. The wave length used is about

150 meters. . The molar polarization Py of

the solute was calculated by. means of the

following Debye _equatvion' :
hoo =11 :
X Plﬂ—m‘» T ) (1)
and . o
L Py= Pre—D1 p)
Py Mz(—~—w +PJ) @)
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The dcns1ty d and the

in which Py is the polarization of solution, u :
is the weight fraction of solute; M; the mol-
ccular weight of solute. The extrapolation of
Py~ cufve to infinite dilution g‘ive;‘ the values
Py at ‘the temperature T, Trom which the
djpolc moment ,u is calculated by the equations
1=0.01271/(Pem— PE~PA)T (in Debye unit) (3)
where Pr and PA arethe electronic and afomic
polarization respectively. Pr was taken to he
equal ta the molar refraction MRp for D so-
dium line, which was calculated by atomic
refraction given in “Landolt-Bérnstein Tabellen”
and PA was assumed to ,ISe 525 of MRD. The
reliability of this assimption was  confirmed
by the values of Pyw of - and e-BHC, f-p-
octa and o-octa, which were almost coincident
withi the values of Pr--Pa thus estimated.
Results
The weight fractions, w, of the solute, the

‘ dielectric constants, e, the densities, d, and the

molar polarization, Pz, are given in Table I
The molar ref:actlons MRpD, the electronic and
atomic polarizations, Pr+ PA, calculated from
molar refractions as stated above,the‘ polariza-
tions Pogo obtained by extrapolation to infinite
dilution, and the dipole moments ,u' are given
in Table II. '
Table T. Dielectric Constants and Densitics

of ‘BenZene Solutions and Polarlzatmns,
Py at 25°C.

Py

> o
v & (g/cm3) (ccl)

e-BHC
0.00000 - 2.2720 0.87041
0.01015 2.2914 0.87462 156.0
0.02009 2.3111 0.87872 157.6
- 0.03566 2.3464 0.88680 152.5
0.05622 2.3785 0.89525 140.0

A-BHC : ,
0.01148 - 22736 . 0.87524 59.8
0.01589 22742 . 087717 8.7
y-BHC ) ’

0.01572 2321S . 0.87809 2196
0.02821 2.3628 0.88367 2198 -
0-04849° - 24984 0.89250 216.9°
0.07749 25268 - 0.00638 2131
8-BHC LT
000993 2.2026 0.87479 162.0
001938 23118 - 087891 - 1501
0.03696 23475 . 0.88645 159.0°
0.06020 23500 - 089677 1667
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e-BHC w ' . Table II. Molar Refractions, MRp, Polari-
0.01674 2.2753 0.87776 60.5 " zations, Pr4-Pa, Py and Dipole Moments.
0.02573 22772 . 0.88202 . 50.6 - _— ,
003265 2.2790 088522 60.2 - n.p. Py | MRD| PEAPAl 1
004232 22804 088046 509 Compounds | oty | (c.e)| (ce)| (e [(D)
@-hepta ’ ' : . a-BHC 17~158 | 162 | 07 60 222
001117 2.2803 0.8;527 Qi‘.“} ) o B-BHC 310 69| 57 60 0
L 002217 22869 0.88049 04.3 " o 8l oo o
003896 22079 088762 957 yoBHC - [HIL~112G 228 |67 | 60 1280
005074 23114 . 0.89740 943 ~  O-BHC 138~139 | 163 | &7 | 60 1222
. &-BHC 212~215 60 | o7 60 0
y-hepta Nt N
0.01900  2.2870 0.87897 1025 e-hepta 103~154 | 04+ 62 65 |L19
0.02936 . » 2.2960 - 0.88392 102.8 »-hepta 84~ 85 | 103 | 62 65 1.35
0.04643 2.3095 0.8914§ 102.6 #-hepta 130~140 | 163 | 62 6 |2.20
0.06515 2.3246 0.89985 \ 102.8 e-hepta 55~ 55.5| 165 | 62 65 1220
d-hepta J fA-p-octa (from ‘
0.01004 2.2893 0.87472 164.2- monochloroben-| 260266 71 67 70 1044
0.02076 2.3094 (0.87958 163.3 zene) . .
0.039% 23440  0.88828 162.7 B-p-octa  loes ooe | ma | g | 7o lodo
006102 23874 089918 1620 {from f-BHC) | ,
: A-p-octa (Lrom .
s-hepta ~dichloroben- | 265~206 | 73 |67 |° 70 |04
00749 23039 OSTEIS 1635 - Doey o 0T 0 6Ty j0s0
0'02598‘ 2‘3181 0'88225_) 199'8 o-octa from | .
0.04289 2.3473 0.89025 156.7 o-dichloroben- | 150~150.5] 74 | 67 | - 70 (044
0.05888 23730 089751 1537 zene) , E
p-p-octa (from monochlorobenzene) o-octa 14‘9.5~150 73 7 70 1040
000901 22735 - 087430 734 (from f-BHC) 0 ;
0-01146 2.2739 0.87530 75.9 , , T 4
f-p-octa (from $-BHC) . and:p-dichlorobenzene) have the same value of
0.00801 2:2732 0.87382 - 732 0.40~0.44 D, which not only give us a_ confi-
0'91095 22744 0'8753?’ 734 : dence in this value, but also cb‘nfix'm that these
B ‘Paﬂggg (fr c;m;;(—)dichlgg;lifgzene) 756 substances ‘are the same, Quite the same thing
0009 ‘. .2_ O %0 36 e g + a-octa’ i o htai
© 001116 2.9736 0.87520 79.6 is-true about o-octa’s, which x-vme (?btamed by,
S ) chlorination  of -BHC and. -of o-dichlorohen-
o-octa (from o-dichlorobenzene) T ) ; .
0.01920 2.2751 087883 - 719 Zene. ) .
0.03202 - 2.2782 0.88445 74.8 v : Digsension of Résults
» 015041 2.2817 0.59284 741 - e
: - - . 1. ;
0.07953 9.9865 000586 - 741 : An Empirical Rule' for Caloulating.. the -
o : : Dipole Moments of Chlorinated Hydrocarhons.
o-octa (from A-BHC) . ‘ - ) . v
0.01953 29777 0.88001 T oTsT In order to stud‘y the molecular-structure from
0.03027 2.9793 0.88462 73.7 dipole moment data, it is necessaryto calculate
0.04243 2.2810 0.89032 724 the moments for several assumed structires and
0.05739 - 2.9836 0.89667 734 compare those with the experimental “values.
B " A The ordinary method of calculation is a simple
The values of the moments of a-,f-,y~and & vector addition of each bond moment, but some
BHC agree well with our previous measure- éorrections‘ ﬁrc‘newssary to ob'tain . reliable -
ments®and with those of E.Hetland®.The values results as we can not: neglect: several factors
, 0f e~ and y-hepta are of almost the same order such. as induction e;ffect. These corrections
‘of magnitude,but, strictly speaking, that of the ‘might be very large in such a molecule ds those
former is smaller than the latter. 8- and e- - of BHC and its related compounds, which have
hepta have quite the.same vilue of 2.20D. _several. C-Cl Donds: in. very close positions.
+ The p-p-octas ‘obtained”from three different = There are a number of reports ¥ on the theory
§tarting materials (monochlorobenzene, S<BHC of these corrections but they can tot provide us
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3 In o-c bhond whose C atom is in the o~
position to the first Cl atom, a mnmen'ﬁ of
0.27 1 is induced in the direction of C¢-C..

4) In C-C bond whose C atom is in the f-
position to the first Cl atom, a :
0.15 D is induced in-the direction of C&C,

0) Iﬁ C-C1 bond whosé (fl atom is in the
gauche+ + position to the first Cl atom,é mo-
ment of 0.24D is induced in the direction of
£-Cl1 hond. :

6) Bond angles are all assumed tobe tetra- "

hedral. ,
7Y ‘The vector sum of these moments givﬁs
the resultant moment of the complete mole-
cule. ‘
The resultant momernts calculated by the
above rule for several molecules areA" in goaod

agreement with the observed as shown in Table
‘ITI. In the following discussions we will use

this rule throughout+t++,

1 S 4
“with conclusive results because many unspeci-
fied p'uametcrs are necessary for their applica-
tion. Here we propose a simple rule for the
calcula’tion of the moment of chlorine substi-
tuted hydracarbons* as follows:

1) C-CIl bond and C-H bhond are assimed to
have the original moments of 1.86 D# * and 0.00
¥ ¥# respectively. ’

2) In C-Cl bond-whose C atom is in the a-

_. position to the first Cl atem,a moment of 0.46D
is induced+ in the direction of C-CL.
Table III, The Comparison of the Ohserved
and the Calculated Dipole Moments of
Chlorinated Hydrocazbons,
. Dipole Moments (D)

Compounds Obs. Calcd. Cglltgcgl ;)y

e (in the gas- by~ veutlnr

eous State)j our Rule Addition

CHLCI 186 18 | 186
CH:Clp 1.62 b 1.62 215
CHCl; 0.95+¢ 0.94 1.86:
CoH,Cl 2.02 a 197 1.86
n-C311;Cl1 2.04 a 2.12 1.86.

© n-CiHeCL 211 4 212 1.86
(CH3),CHCI 215 d 2.0 186
(CHpCCl 9213 e 213 | 186
CHaCHClg " . 206 £ |07 10 215

© CHLCCly, 177e 175 1.86

‘CH:CICCI, 139e. |7 138 215

CHCL,CCly | 092¢ | 086 1.86

Chlorocyclo- ‘230 h

hexane (Benzene) 2:36 1.86

ClChg | 207 | 200 | 303

,¥%  This value

ok

% ].R.Thomas and W.D. Gwinn(J. Am. Chem.

Soc., 712785 (1949)) presented a semi-quant-
itative rule concerning the moments of the
chlorinated methanes 'md eth’me%

methylchloride in the gaseous state. cf: S.
Singer, Q. Steiger and XK. Gichter: Hely,
Phye Acta,” 5, 200 (1932)

moment of |

is the observed moment of :

*ok % If a finite, value of C-H bond moment is

used instead of 0.00 D, the moment of C-Ci

bond should Le diminished by the amount of
It can, howevex, ;
easily he shown that the hoth methods pro=

C-H hond moment assumed.

vide cuite the same result, as far as the bond

angles are assuied to he regularly tetrahedral,

+: The  term

sical sense.

++ It is concluded from-the  studiés of. the !
spectra that -
ethylene dichloride consists of two rotational

(a) “the- trans and (h) the gauche

Raman effect and infraréd
. isomers;
#formn «(Refer, for instances, S.Mizushima,V,

Morino, 1, Watanabe and S. Yamagucm Je
. Chem. Phys., 17, 663 (1‘)49)) The: relative

po%ltmn of the two Cl dtoms in (1) or-(h) -

“'ig said to he in ‘the tr'ms or the gauche
: pO‘SltIOT] ]E‘ipﬁ(‘tlvely. .

"An extension of this rule to‘l')rbinine and‘

“induced”. does mnot necessarily
mean “induced electrostatically” in the dlas-:

iodine substituted hydrocarbonsis now being

S carried out and fourd ‘to be hopeful.

" results will he pubh,she»d elscwhe;,g,

The i
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4. Geometrical Configuration of BHC, Hepta- . . cluded from the electron diffraction investiga-
and Octa-Chlorocyclohexane, As’it wag con- tion by O, Hassel et al. 10 that the cyclohexane

Fg. 1 Geomgtrical Configuration of the Isomérs of BHC. "

Ils Iy IVs . Vs,

3.19~2.03
T :

Fig. 2 Geometrical Configuration of the Isomers of MonochlorobenZene
Hexachloride (Hepta), ‘
I1; : 111y ' IVy




By omo# o3 4 15 ok

Fig. 3a. Geometrical Configuration of the More Stable Isomers of
Dichlorobenzene Hexachbloride (Octa):

IIg

Vs, - Vs

213 18 204 2.17 1.42

193 0 . L .
" Fig, 3. Geometrical Configuration of the Less Stable Tsomers of ‘
: . Dichlorobenzene Hexachloride (Octa).
T Il TIT’s IV ' V'

v XI's

18



, difference hetween the two forms.

. conceive that the chlorine derivatives.

‘in. BHC,  hepta and .octa, respectively.

‘are shown in Figs. 1, 2 and 3,

‘18 Jepxescnted by a hexagonal ring,

ring has the chair form,. it is also natural to
of cy-

clohexane shauld be of. gimilar form. If'we

agsume the chair form. for cyclohexane ring,
there exist 13, 20 and 29 geometrical isomers

These
togéther ‘with
their dipele moments computed by the rule stated
In these figures the cyclohexane ring
chlorine

ahove.

atom in-an equatorial bond (e-bond) by a short
line, chlorine atom in a° polar bond (p~b0nd) by

‘4 small cir cle on'the hexagonal ring, and white
“and black circle represent chlorine atoms above

and under the central plane.

On the other hand it was concluded from the
Raman -effect and‘ dipole mommt by Dr. K.
Rojima® that jthek‘, cyclohexane ring ean easily
turn upside down in halogenated cyclohexane,

tesulting a’ring of chair form with the equa-

The

the two isomers thus in-

torial and the polar honds interchanged.
abundance ratio of
terchangable py inversion, which we call “in=
is" governed Dy the energy
The same

verted isomers”,

conclusion was also obtained by C. W. Beckett,
K. 8, Pitzer and R. Spltzel 1 for dxmethyl-
¢yclohexane. S

L In chlorinated cyqlohexme the dlst:mce ‘he-

~tween the chlorine atomg in polar honds which

‘are bundéd to the two alternate carbon atoms

o N
of:cyclohexane ring is 252 A, if the angles of

the t;tl'i)bn valency bonds are fixed to be tetra-
hedral.
pared with the Cl-Cl van. der Waal's' dlstance

This -distance being very small com-

1360 A), layge 1Lpuls1on between these (_hlov

ring atoms mwkes such a configuration unstable.

“The founs W’thh are degu_,mted by d'tshes in
_lugs 1

2and'3 (except XIITg) have mipre such

pairs ‘of chlorine atoms than ;mother form of

‘the inverted isomers;and thierefore, arve presums-

ably" very ‘unstable and. are negligible practi-
mlly ’l‘he numbers of the isomers to be distins
guzshed are thus veduced to §, 10 and 17 for BHC .
hePta and octa respectively. ‘

3 Ass1gnn1ent of the Confxg‘uratmn to the

Ji

s

% 15

should have the moment - close to the observed
(2.801)) of y-BHC, is only' VI, which is the
form concluded' by G. W. van Vleten, Ch. A.
Kruissink, B. Strijk and ]. M. Bijvoet 1 i'mm
x-ray diffraction measurement. The calculatcd
value 3.191is 0.4 D larger thin the ()1)sc;r\'ed

~and this diffqrenée istoo large to be atiributed

to solvent effect. Tt is presumally due to the
neglection of the induction éffect hetween the

two C-Cl polar 1)011{1:;' in \parallelﬁdire;ction

“represented hy white circles in VIg-in Fig. 1.,

In fact,if this induced moment js assumed equal
to that in ‘t‘h._e gauche position-(0.24D); the
moment of y-BHC hecomes” 2. 9313, We will
use this }zss‘umption Wereafter, whicl will be
shqw‘zf later to Be legitimate Tor other cases..
The -dipole moment of d-isomer: has heen re-’

ported to be Zero by S. K. K, Jatkar and S. B..
- Kurkarni®, whereas to be 217D by E.Hetland®

'md hy E.-Amble and 0. Hassel. We obtained
2.22D for its value, which is qmte the 51me
ag that of a~isomer, 2.221.

which have the momené close to thlq value aie

The StrUCtIlle‘

,only the two forms of IIG (2.2JD) and IIIa‘
(2 .25 D). Smcc @-BHC have heen separ ated to’

optmal 150mers by Si J CI‘IS(’.OI L 1t bhOllld he

dsmgned to IIIb,rand consequently B—BHC to .

The dipole. moment of e-isomer waé found to §
Ie Zero. in accord with the résult by E.Hetland®.

.. The structures h‘iving the moment zero are Js@

Isomersofk BHOC. Inthe first place; it can he

easily seen‘from Fig.1,that the structure which,

- Isomers of ’Hepta
: the moment approximately | the same value i

and Ve The x-vay diffraction chta 163 1nchcated'
tlmt Lhe B-isomer has the stluctme oi‘ I and

tbelefm €, e-fsomer must be Vc 1t seems to he',

'lntexestmg to state ’chag the fi-isomer ‘which .

has a hn;rhex symmehy than e-isomer, has

a Ing,hcr meltmq point’ and lower -;olublllty

I‘he abcxvc coaclusmns concermng stluctures of
fl\’e ‘isomers of BIIC agree completely w1th':
the result of the electron dltfl.lctmn by‘ O
Bastmnsen, ¢ Ellefsen and O. IIqssellfi‘ ‘

4. Ass1gnment of the Conﬁg‘uratxon to the .
"The sLluctures Whl(‘h ]nve ‘

) ,those of “a-hepta (L 19 D) and yhepta (1. HD)

- (0.85D):

are T7(1.02 D),II7 . ZJD) IV, (1.46D) and VII7‘
It has beeu roncluded by T. Olwa,.“i

- R. Yamdda and: M. Ohmois; Ixom the] considera-,

tmn of chennml reaction thqt [ 'md y-hepta

) 187
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have the sivucture I7 and IIy respectively. If
'th:is assignment be correct, our  computation
indicutes that y-hepta should have larger dipole

momcnt than m—hepm, which is in accord with

the' mpcnmcntml result. The small d1fic1ences :

beteen the obser, ved moments 'md Lhc calcu-

lated ones may be explained as solvent effect

similarly as those of - monochlm ocyclohexme

in Table IIT.

The structures which have the moment close
.to the observed (2.20D) of 3~ and e-hepta are
Vi (2.22D); VI (2.37 D), VIIL; (1.97D) and
IXy (2:20 D).
of these four have the momeot assigned to the
observed one. But'our calculation may be credi-
" table as Tar ais relative jvalues are conderned,
which states that ¢~ and e-hepta should have
the same moment, and. the only pair of such
structures is V(2,92 D) and IXy (2.20 D). This
concluision supports the result of the dehydro-

genation and then chlorination of y-BHC by

M. Nakazima and T.Oiwa » and of the chlorina-.
tionof y-BHChy T. Olwa; R, Y'nmda and M.,

Ohno®. It may be worth while to- mention

here th'tt the ag,reement ‘hetween the ol)served )

moment and the mlculated one Yor these isomers
which h'we a pair of chlnnne atoms of short

"distance cnnfums our absumptlon of the 1nduced )

moment hetw,een a p'ur of C-Cl. polar bonds.
5." Assignment of the Configuration of the
Igomers of Octa. Both /34p-octa and o-octa have
S very small moments The str uctures h'Lvmz, such
-a small Moment ‘are’ T, IIIq, XVITs and XIIl',

. >_'o‘f which th_e last two aretoo scarce to be taken

into “account becatise “of 1‘ar'ge1"s\teric repulsi(m
‘than the former two forms,
““fact that ﬁ—p octa is obtained by chlormatmn
“of p—dlchlowbenzene and’o-octa by chlormatmn

of o—dlchlm ohenzene,; the strhctures of /?—p« and -
0- octa “should ba assu,nc.d to IIIs and Ig respect~

ively N

'clumon from chemlcal reaction 13, and ‘ue also
’ kaccepted from. the c01151du ation of the 1elat10n En
: bet\’feen meltmg pomts, solublhty and the sym-"

',_mehy of the molecul'u Iorm:, Just like the

isomers of BHC, -
: )

5 .
and- encouragement during the course of thig

We ‘cannot say, of course, which’

‘ 6) Hassel, O and N.Leshagen, T, Tldq. Ix)emi

Accordlng to the )

This’ 'Lssxgmment agrees with ‘the eon-’

BOG o

Ackuowledgment
- We wish to express our appreciation to Prot,
S. Takei, Faculty of Agriculture, Kyoto Univer-
sity and.Dr. M. Ohno, Institute for Chemica]
Research, Kyoto University, for their advices

investigation. - We are also deeply indebted fo
Dr. K. C. Kater of Dow Chem. Co., U.S5.A,
for his kind supply .of &BHC and also to Dy,
M Nakazima of Kyoto Uhiversity for. 8-hepta,.
The assistance and advice of Mr. W. Suetakd
and Mr. R. Yamada in ’clus investigation are
also gratefully acknowledged. The cost of this
research has heen defrayed from the Sclentlf.lc
Resear ch LEncouragement Grant i'rnm the De~w
p*mrtment of, Education, to which the authors‘,
thanks are due. .
References ﬂ
) Oiwa, T. , Yamada, R., Hunad'L,M Inoug, -
M. and Ohno, M. : this Bulletin, 15, 32(1950). :
v 2) Hetland, E.: Adta Chem. Scand,, 2, 678(;
(19485).
3) Jatkar, W.EK.K.and Kurqum, 5. B.: Sci—
ence and Culture, 14, 482 (1049). - :
4) Rolla, M., I'ontana, P. and Mmmngch, i
AdMa G'IZZ- chim, ital., 79, 401 (1949).
6) .-Morino,: Y. , Mivagawa, I., Shiio, H. and !
N'Lgmkum, S.:
‘ istry Researsch Ilastltutc('l‘<)kyo University),
5,7 (1930), :

Reports of Radiation Chem-

‘Bergvesen Met." 126 (19a0), Z. physik..’

; Cllem;,1312‘”‘)(1931)' Williams, J. W.-and-|
Fogelberg, J. M.: ]. Am., Chem. Soc., 53, f
2090(1931), Melander, B.: Svensk. Kem. Tid., ;

931 (1946); Martine, H.t 1. Soc. Chem.

; ‘Ind 65, 409 (1946); Kauer, K. C., Du Vall, "

< R Biand” Allquiqt R.L ‘Ind. Eng. ,Chem.. '

 39 ]33a (1947). S

7)) Nakazima, M., and Ol\V'l T
15, 114 (I%O). o

“8) MlleShllnEl ,{Marino, Y and Higasi,
Ix " Sci, Pap: T: P.CiR., 25, 150 (1934)

9) I“or-;mst*mces, Sm'tllwood HOM zmd
Ierzfeld, K. . I Am Chem. Soc., 52, 1919
(1930). ' REREE

]O) Hassel, O. and I‘mbaL, i A]Ch. M'tth. &
Naturvidenskab, 45, No. 3,8 (1-)41), “Hasseli g

¢

this Bull}etin,

LY



B om F 3

0, and Ottar, B., ibid., 45, No. 10, 1 (1142);
tassel, 0. Tids, Kjemi Bergvesen Met., 3
39 (1943). ‘

11) Kojima. K p‘regeﬁted at the Me“e't'ing of
Chem. Soc. Japan, July 8, (10)0)

'1)) Beckett, C.W., Pitzer, K. S. and Spitzer

: J. Am, Chem. Soc., 69 2488 (1947)

13) vah Vloten, G.W., Kruissink, :Ch. A.;
SthL B. and Bijvoet, J.M.:
771 (1948),

ature, 162,

&

14)  Amble, E. and Hassel, 0.1

OIS o

Research 3,
Suppl..52 (1930). '

18y Cristol, S.J.:
(1949).

J. Am. Chem. Sac., 71,180k

16) Hassel O. and T'ta)hnd T Tltls Kijemi

‘Bergvesen Met., 2, 6 (1‘)42)

+17) Bastianseén, ‘Q.,; Ellefsen, q‘» and Hassel,

0. Acta Chem. Scand., 3, 918 (1949).

18)‘ Oiwa, T., Yamada, R. and Ohno, M

this Bulletin, 15, 80 (1950),

v “ ]
=

Mechanism  of intoxic.ation, of pyrethrum -insecticides. I,
Seiroku SAKAL Boiyu kagaku 15t 189, 1950,

toxicology; I.

Problems o‘f insect .

3L pRgml O RRE L -
o R
Bz DDT Bt BHC Zo{lofivhse
Ao MRS, S UCIERm i
LT ko FIRNII A>TV Bo  BRIASHISER
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