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Résumé

In the previous paper®,
of DDT and its related compounds were measured
for studying the relation between the molecular
structure and the insecticidal activity. As the

J. Am.

the dipole moments

related compounds of DDT, diphenylcyclopro-
pane derivatives, of which structural formulas
were shown in Table 1, were recently synthesized
by one of the authors™ ™, In this paper the"
dipole moments of these .compounds were
measured, and their data were shown in Table 2 . ‘
and 3. ‘ ‘

Tt w as proved from the dipole moment that :
in 1,1- lns (p-chlorophenyl)- cyclopropane, the
angle betw een the plane of cyclopropane ring’
and the axis of chlorophenyl group lies near

" 60° , agreeing with the \alue (66°) by Schomaker

et al. dn,

The prominent chchcxdal 1ctxv1ty of 1, 2- .
his-(p-chlorophenyl)-cyclopropane was- proved

by Liuger et al. ®,
about its geometrical isomerism. It was found

hut nothing was reported.

from the dipole moment that the trans-form is

‘produced hy the’ methad of ane of the authors @,

On the Determination of y-BHC in the Lindane-Kerosene Solution. (Studies on
Agricultural Chemicals by the Polarographic Method VIII) IHiroshi Fukamt and
Minoru NAxAzIMA, (Labomtnry of Agricultural Chemxmls, Kyoto University) I\cccl\ed
qu 13, 1954. Botyu Kagaku 19, 83, 1954 (with English résumé 90)
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5. 13. =g

Y5y iflho y-BHC oZRICRBAE LTHEAINTHS kerosene HEKH
BicR LTcEREoRic dioxane % alcohol DXRIHXMWD =3I 0¥ S5 7ERRA
FAHKAW, Cyclohexanol EMZ 7 REEERVKERD Y >5".‘/:EH§1]E_I;'§1EL‘C!"E E
BHEAYD, ZOR-50Y515EREDDS y-BHC 0BEARETRL, ZLTEOH
S REOMIIERERIRIT S EhLERNTRTHS, BL2OoRGERBLTY
T YFVitElho y-BHC OHLWEREELERLE,

HUERIRD “0.526 9 7 Ul (% kerosene 12
lindane % 0.45~0.55W/V-25 P Lizb el
HENTHDDH, LRI kerosene AWRKIT
PicBEe e TS 20, 78 BHC Bl
YISV H3vC#f: dioxane $2 alcohol DKIATE%
Mo #- 3wy 7 Ik BHEY 2EIIY

Hltvre H= 07T 7Y EDT Yy FYYFIHD

¥-BHC 24T 212(345T kerosene Z{4fiEL,
Noai~ 5 v 7' 3 A% UDITE O LG BT
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XTI OSBRI 2 AN Lisv i
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D D INTHLITIE L, SEDISINDSHIL
TAROLIR, FHMERORDL, HEeoTsthis e
DRI S 2, .

SRR SEERT S DA A S AT T2
Wl b (solubilize) U CHs ISR it s s g
TR & e D & 2 (LSRR VLTI e D BT T %
%%, BULKISRIIO SSRGS X 5 Arsh
FIRER Ot Th s b, BRFxsa’ 10 Lk
Lh 2 LY BT, KA e I B @ o Kerosene
(AT 10~16 DU OIS LAEDELAI T %
O e 5 FUGIEAEFAAEC R b S ol v,
Krevins 12 LIUIE 7 v 2~ v RS aiHe T
% T i Lo CHRALKHED TR L At B,
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“eyclohexanol 2T LCH B0 SUMITHHHD 5 &
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HOMG ENS G W, —1.8V.~~L9V. DL
THN DD DI D & 5 LB ET

DEDTHD 5 o Pl HIESHIFYEN DT cyclo-
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ERICHCII L O TH L, WIIERORAR
HoC# 1/4Th %28 SAURTRRI IS AR TS IT
VRN L T D205k micelle DJcd iU,
© RBITOREEOKR I EIC IS IEGED MRS &
R XBLDTHLNE S Db S,
VTSR B3 eI THE y-BHC Oz
WD B2%, % D IS W (LRI ORBIR U,
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Fig. 1. Polarograms of y-BHC (1) in

4022 aqueous dioxane solution and (2) in
solubilized kerosene.

kerosene Ofit, FHFTRITOMBIRUUIE, RIS
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. R Kéroséne 0'5158111 : _};iﬁ@t}%l: kerosene
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alcohol {x& D% DEF2iR b AIHES LA, 16D
T kerosene OBJHME D Ak T/h &V n-heptanol

" & n-hexanol R o (e Ry I AL R A

DLt D kerosene XL 5 2 23k 55T
SRR CTH B 5 M RIEE 2 B 70

REFE L Iov, ZDN cyclohexanol 23 Lz

alcohol Th b, LoLililidhz o L THRLH%
RETHE= 7007 730N AT TH S, KIZ
WG PERIIZ 2T (L,  polyethylene glycol
alkylated aryl ether, polyethylene glycol sorbitan
oleic acid ester 7 X DI 4 A v FHEHRIATEG LTH %o
T =dv, BT A HEUHO S LIS D O
B lah0te 4 & iEEEOHrcd polyethy-

" lene glycol fatty acid ester, polyethylene glycol

sorbitan @ oleic acid LD fntty_:icid 7D ester,
R oleic acid ester @ 5 £,°C Y polyethylene glycol
DD b DEFILTILS T T DR, JEE
(IS 227 SREHTF OULIE & cyclohgxanol
W & 12D\ T keroséne DRI LD %  Table
1S5 Lhso BISIENS X 5 W HITHERI OUYEA T <
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725 y-BHC Oz e S SR EEm o
HIE XD CITS2 Db S ST OIRIE DA i
WEHBE BB b IR G HFR I B e 1 D
kerosene #TI{iHb DS LAYNNC, FD LI
TR E X DEHEA A I E L L X5 2T
e\ ‘o

2. AEMRORE: ISR h ORI ILE
i)!z’uf\'z:b'm 0.4V, fUSFRTHB T L LUMIITTE
DUFEFRENCTH Y, TOF -5 w7 4l
Fig. 2 m 5l avt. SIUDKET AT
DT HE LI DT S EMULRDTRESFEL
SFEA B E & EHIMRMMIR S5 L bR LT
F LUCBRLETIR AR KW ABRRGERY AR TEF
% BIAMT R %2 B < Jitkiz 0.05~0.1M/L @
sulfite ion 12 X % 4 DA PEINTH LD, HDIY
DITITRBF R TR LA & FITTHE 122 (190, 1M/
L) E#:% X SATHERAR ¥ — &% FOuI bk
IR LT &, Fig.2 KU Table 2 12§iiiF7- X
SITIEHATERINE 20 SR I AR eI b
THE LMD, DL E -BUC OIS
Bl Y — X OIRET D1 I bR 50T 5 = LS 0R
7£< Table 27T & 5104 ¢ & h205MBI3Cl
TTTNRE S ey, TR S encbrd S h
fﬁﬁt%f%ﬁTm%W&E&fﬂALﬁbuﬁ—
gariakinhe Fig. 2 128G Iivatill

iR AP AIRTEA A N Sl I e R i 1/ <3

3. Cyclohexanol ®yREEL HEORIE : Cyclo-
hexanol DYPYEDN T uqum D Y v 7l

2

.1'
j

4.0 microomp.

| LA
oV a0 Qv -10"

~ Fig. 2. Polarograms of (1) dissolved oxygen
in the colloidal solution, (2) dxygen-free
colloidal qolution, (3) y-BHC in solubilized
kerosene at § minutes, (4) at 10 minutes, (5)
at 20 minutes after preparing the solution
and (G) at once after ‘setting a dropping
cathode in a oxygen-free colloidal solution.
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Fig. 3. Effects of cyclohexanol and surfac-
tants on wave height: (A) cyclohexanol
in 822 Antarox A-100, (B) cyclohexanol in

© 824 polyethylene glycol sorbitan monooleate,
(C) Antarox A-40) in ‘2.02 cyclohexanol, .
(D) polyethylene glycol sorbitan monooleate
in 3.524 cyclohexanol. .
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Fig. 4 'Polarograms of y~-BHC in various
solubilizers. (1) in polyethylene glycol
monooleate, (2) in polyethylene glycol ether

‘(Antharox A-400), and (3) alkylated aryl
polyether alcohol.
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Fig, 5. Polarograms of y-BHC in various
electrolytes solution (1) in'NH,Cl, (2) in

" NaCl, (3) in LiCi, (4) in (CH3)iNBr; ()
in KNO;, (6) in'K:SO4, and (7) in NaNOj
The concentrations of electrolytesare 0.1M/L. .
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Fig. 6. The effect of temperature on wave
height. The compositlon of the solution in

test ¢ 0.3.ml of 0.52 lindane-kerosene
“solution in 10 ml of the solubxllzer solution,
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Fig. 8. Calibration curve for the deter-
mination of - y-BHC in lindane-kerosene
solution. '
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ne QUEFEFED T iR HIn UCIRE: L 24 niBaC
ORI LT e B0, 20 ﬂf;%;l}l-tt
Table 1 ISREILTH %o o
BRIROREAABERRK ¢ Table2 I 351’;71*&552@ Hff:i
el JUILH 5 53 S 2 £ T ORI feEl 2t — T v
77 n% EOTIHIEAS Table2 IR LTH %,
HERBEERTI @4 ORT: AELH OB
VU DWT JEEs oz bR ks #44E Table 3
CTh Do HbMBOEYER 0 528 L.OM/L ETol]
B2 I 28 Ut bR £ (2 Table 210RLAd

DEN LMPCM&H?:‘RW;O Z DA Table 4
Ch Do Table 5 (% kerosene DB UMD
8% kérosene (2 OVCl IS X koifiitch %,
bﬂuz g eIk~ ARt TR 2 D
B DFHRAER SHT LTI Table 6 424
h‘x@ﬂiﬂjﬁ’lfe7 m Y FTIUSH OS2 -
F2o BB lindane % 15.0, 20.0, .22.5, 25.0,
27.5 XU 30.0 mg. ARSI CHR A EREIPIL L,
10 ml. @ kerosene U THERE LTI TET%
0.30, 0.40, 0.45, 0.50, 0 55 } 00 0.6022 ofmifn
t L7‘~_o
RAOAHORHER . =0 x‘éunk‘O\. »“CS& "‘L.
y-BHC D';Lay}lfrr&frohmﬁi& Table 712§l 2,

Table 1.. . The limits of" solublhzatlon of kerosene m vanous solublllzer
solutions contammg cyclohexanol.
Solubilizer . The. limit of solu-
§ bilization of kero-
Surfactant Cyclohexanol sene :
Formula | Conentration 9 % ml. /10ml.
' 8 41 . 0. 60
8 3.5 0.55
o 8 - 2.0 0.40
Polycthylene glycol ether*® . 8 1.0 0.15
' 4 2.0 0.30
12 2.0 0.60
16 40 1.2
Alkylated aryl Polyether 8 3.5 . 0.40
alcohol 8 2.0 0.35
Polycthylene glycol Sorbitan - 8 3.5 0. 30
mongpoleate 1 8 2.0 0.20
Polycthylene glycol Sorbitan S S35 - 0.25
monoolcate II- .- .8 2.0 10.20

. * Antarox A-400 (General Dyestuff Co.)

. Table 2

Wave heights of »-BHC in solubilized kerosene at various. time-

after preparing the solution.

The composition of the solution; 0.3ml. of 0.524 lindane-kerosene solufion
in 10ml. of 0.1M/L-KCl ag.solution contammg 82 Antlnrox A-400,

225 cyclohemnol and 12 NmSOs

%)Jgf[f:finogg t;lcmesoh:xl{itg; " 5mins, | 10mins. | 20mins. | 40mins. | 1 hr. 2 hrs. 24 hrs.
Wave height in mm. — | —=*| sLa | 5L | ooz | 0.5 | 5Lo

* interfered by the wave of dissolved oxygen



Table 3.
The composition of the solution;

except solubi

By Mmoo 10 4TI

lizers.

Effect solubilizers on the wave height. )
same as-that mentioned in Table

)

-

r Solubilizer .
Surfactant ] Cyclohexanol Wave height mm. .
Formula Concentration 25 4 '

o 8 2.0 53.5
Polyethylene glycol ether » 3.5 40.6
Alkylated aryl polyether v 2.0 50.2
alcohol ’ v 3.5 38.5
Polyethylene glycol’ v 2.0 —_—k
sorbitan_monooleate 4 3.5 37.6

* Kerosene is not solubilized.-

Tabled. Effect of KCl on the wave height.
The composition of the solution; same

Table 5.

height.

The composition of the solution;

) .
Effect of kerosene on the wave

same

., as that mentionéd in table 2 except toned in T o ¢t
concentrations of KCL a.s that mentioned in .:ll)l(: 2 except the
lindane-kerosene solut'mn. )
Concentration = - = ’ r .
0] 0,023 0.10] 0.25] 0.50] 1.0 Kerosene The range of | Wave height
of KCI M/L ml /10ml. | boiling point mm.
' g , 2 30 ~230° 02,6
Wave height | 50 5 51.8 | 514! 51.0] 50.2}10.0 0. 29 150250 ot
0.30 v, SLO
0.40 . v 48.2
-0.30 o 160~-190 HIN
0.30 190~220 922
~0.30 220~250 520
. Table 6. Data for calibration curve.
Theoretical content| Observed Mean value [Calculated content} Mean content| Confidence
No of y-BHC wave heightlof wave height of y-BIIC of y-BHC interval
2. /100ml. mm, mm. . /100m1. 2. /100ml. 1. /100ml.
1 35. 4 0.31
2 0. 30 349 35.17 0.31 0.31 0. 31:+0. 005
-3 35.2 0.31
g 46.6 0.40 .
o 47.0 - 0.40 .
6 0.40 5.0 46. 45 0.38 0.40 0. 4Q:L~O. 022
7 47.2 . - 0. 40
g 24. 8 0. 3((; -
{ 1= 5. 3 = 0. .
10 0.45 C55.0 5408 0. 46 0. 46 0. 464-0. 003
11 54.8 0. 46 . :
12 62, 4 0.52 -
13 60.0 0.50
14 61. 4 0.51
15 59.2 . 0. g!) .
3 50
L 0.50 .7 59.66 a. 50 0.50  [0.500.010
18 60.3 0.50 :
19 06. 8 0.47
20 57,0 0.47
21 60,0 0.50
22 60. 9 (()) 55 .
23 - 068.5 . 56 . o
24 0.5 64.9 66. 38 0.54 0.55 0. 00:*:0. 020
25 065, 2 0.54
20 . 3.2 0. l({'() .
27 74.3 0.61
8 0.60 790 73.10 - 0. G0 0.60 O 60+0. 014
20 72.9 0.60
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Table 7. Anafysis of unkown samples -

. . r ' FI.C(mte‘nt of
No. Wave Height * vy -BHC

omm. - £./100ml.
L 50.8 050
3.5 - 0.9

o 54.2 . 0.45 -

55,8 Lo 0.47
- 60.5 0.50
3 60.6 ' 0.50
4 - 536 . - 04
540 0.45
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" Résumé

In this country, . “0.5 2 lindane-kerosene

" solution”: prevails for use of public health.” To

determine the content of y-BHC in the kérosene

" solutiomn, - the usual polarographic method® in

which aquédus dioxane or alcohol solution is
used as a solvent cannot be applied because of |
very small solublllty of kerosene.

It 1s one of-the strkag propertles of surhct:mt
SOIUthHS that they can dissolve m:my compounds
insoluble or only slightly soluble in water. "This

** phenomenod is .well known as solubilization®.

On hydrocarborn series, the limit of solubiliza-
tion decreases with increase of number of carbon

N onane, decane and

" higher hydrocarbons are solublllzed no lunL':crl

in any portion by surfactant slutmn alone™®,

" When some polar compounds such as long chain

. alcohols are used as additives in the surfactant

solution, - the solubilization of hydrocarbons is



Bi -l

markedly enhanced®. To solubilize a consi-
derable amount of kerosene, cyclohexanol seems
to he more suitable than such alcohols as n-
hexanol, #n-heptanol, n-octanol, n-dodecanol
and benzyl alcohol. -
‘I'here has been found only one polarogrphic
-study of insoluble compounds in. solubilized
state™, It is required for polarographic
analysis of lindane-kerosene ‘solution that to give
a measurable wave height of y-BHC on the
polarogram, a -sufficient amount of kerosene
should be solubilized by the solubilizer — the
- mixed aqueous: solution of a surfactant and

cyclohexanol——and moreover, no polarographic’

wave should be found in the solubilizer solution
alone up to the potential of —1.8V. at least.
“Surfactants such as polyethylene glycol sorbitan
fatty acid ester, polycthylene  glycol alkylated
aryl ether etc. are suitable for this purpose.
The polarographic wave of y-BIHC in the

solubilized state is not different at all from that-

in 402 dioxanc solution except the wave height,
nearly one forth of - that " obtairied in the usual
. solution (see, Fig.1). The abrupt decrease of
" the diffusion current at the potential —1.8V.
secems to be characteristic to colloidal solutions,
because’ the decrease is always found in the

solution of any surfactant and 'm) solubilized

substance.

The dissolved oxygen in the colloidal solution
gives two steps wave on its polarogram as
shown in Fig.2. It has a same shape with, but
is found at different potentials from that
obtained in the nsual solution. The oxygen is
removed by bubbling of hydrogen gas through
the solution, bhut this procedure is not so
favorable that the solution foams up on bubbling
and yet it is needed for long time to remove
the dissolved oxygen thoroughly. When sodium
sulfite is added to the colloidal sulution, it is:

ft 2o 19 B-I1

easily removed within 20 minutes after préparing‘-
of the solutions (see, Fig.2).. Moreover,
sodium sulfite dose not react w1th y=-BHC (see,
Tabhle 2).

Several percent aqueous solutlon of surfachnts
cited above which contains cyclohexanol at two
or more percent is suitable for the polarographic
determination of y-BHC in lindane-kerosene
solution. The wave heights are affected by
concentrations of surfactants and cyclohexanol
(sce, Fig. 3). When- concentrations - of these
both substances are maintained constant, the
wave of y-BHC is strictly reproducible and the
relation between wave. heights and concentra- .
tions of y-BHC is linear. On the basis of this

* linearity, the content ,of y-BHC in the kerosene

solution can be determined with high accuracy.

Procedures of the determination :

Reagent A: 100g. of the aqueous solution
contains 10g. of surfactant, 48. of cyclohexanol
and 2g. of sodium sulfitc, )

Reagent B: 0.2M/L KCIl aqueous solution.

The content of y-BIIC in the lindanc-kerosene
solution is usually designated. by grams in 100ml,
of the solution, Consequently, it is convenient
to the preparation of the sample solution for
polarograph to make use of the micropippet as
shown .in Fig. 7. Pippet out the lindane-
kerosene solution into a test tube with a grass
stopper and then add Oml.- of TReagent A with

shaking until it becomes transparent. ‘Then,

add 5ml. of Reagent B and shake for a minute,

Transfer some portion of the solution into the
polarographic cell which is kept at 25°C
prgvious]y. After standing for ‘.’,0_minutes, two
polarograms should be recorded. The content of .
y-BHC in the solution can be determined by

comparing. their wave heights with the
cylibration curve prepared previously.
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