W

. benzene

w a ﬁ sé ﬁr—s 5 m

made using- BHC m 1901 and 1902

2,--Thz chemlcal, Whlch was produced by :

hexachlonde (y content 1/), . was’

-f composed in - the Iaboratorv “of Ag’rxcultural
Chemxcals, Kyoto Umver51ty The treated azu- -

- ki bean (Phaseolus angularzs W. F nght ), K
whxch is var. DAINAGON, was produced at .
- Settu Experlmental Farm, Kyoto Umversu:y

. “ethylene benzene soluslon per. To(O 5 bush, )of - ) .‘
- azuk1 bean seeds, the controllmg effect is very - . ;
. good to’ azuk1 bean weevil, :

‘4. Thls 1nsect1c1dal 11qu1d (7-BHC 10/)

..has strong. 1nsect1c1da1 acuvxty to  azuki bean
;. " weevil, and moreover “the germmatxon of azuki =~ v‘ K
i bean seeds 1s normal m the case treatmg thh o
) ,.,BHC.. ey Tl s .
B 3._ Applymg 5cc of 1/ 7-BHC trlchloro— o L e
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It is remembered that the staff. of thxs
laboratmy has made investigations on-. the
chemical estimation of ‘the effective constituents
in the natural pyrethrum flower. .
authors intended to investigate the determina-"

tion “of the natural and synthetic pyrethrins

from ‘the standpomts (1) of determining
pyrethrins without breaking the ester form-to
’obiam as accurate values as p0551b1e for
bxologlcally active madterial,
increasing the ,eﬂ_‘icxency of the analysis by

_ adopting such physical methods as polaro- -

) anq_ (2) of

_ graphy :md'spectrophotometry.'v:This _report
allethrfn by'

describes the determimtion of-

y <polarographic method. S,
The present - .- % A remarkable progress has been made in '

' recent xears in. the ‘synthesis - of pyrethrms.

‘Especially,” .allethrm has ~ been synthesxzed

industrially, and has vast possxl;xlxty -of being

put into practical use in the near - future." It
is earnestly desired on this juncture that a -

" precise method of devtefmin_ation cof allethrin
_ in technical products;
‘both the. study of synthesis-and the practical

. which would

o Co107

,‘,ﬁn a-dl- trnns-allethrm iy a—_ﬁiﬂﬁ;’(&_ .

Denefit -

‘



P So ;

R AR ”}‘e m ﬁ g e17ez

production, ‘ should be estabhshed as soon ‘as . more cohvenient and less' hme-consummg than‘ '
possxble. - Ik e T B . those methods mentxoned above. S v

S. Hestrm -and K A. Lord"’ descnbed the ‘ o
SPcctrophotometnc determmatlon of coloured - I POLAROGRAM OF ct-dl--tra.mr«
complex denved from allethrin; and J. B. R ALLETHRIN '

Moore® developed a rrlethod in‘which allethrin
is reacted with hydroxylamme and the excess"'v_
“of the hydroxylamme is . then determmed by

1 Preparatmn of Supportmg Electrolyte
Solutlon. T : )
The comp051t1on of the supportmgelectrolyte o

mcasurmg its reducing eHeCt on polyvalent * . solution Wa$ the same as in the case by R,

metals exther by. t1trat10n or colorlmetncally. o Yamada et al.®,and is as follows

The hydrogenolysis, method (and its modxﬁca* . Ethyl alcohol (50/), and M/o(C}],,hNBr -

tion) has been proposed recently as a tentatlve,  solution- (10/), ‘and buﬁ"er solunon (40/)
¢ method by F.B LaForge et al®., A]though the

. . As stated in later -paragraphs, the typxcalf
“authors have not traced these ‘methods of

. reductlon wave 'can be obtamed nA this-

analysis in companson ‘with the authors’ | 4Comp051t10n of ‘th‘e, supportmg electrolyte

polarographlc method they seem to be mUCh ! solutmn. It is also seen \vhen dloxane is ‘used

complicated in procedure and their fundamental . as Solvent, mstead of ethyl alcohol.

prlnciples are not-without’ question, .- - 2, Influence of pH on Reductlon Wave.
On tlie other hand, it  has. been proved re-

v ) _"‘ .
(‘tntly by R. Yamada et al. that Cmde alte-"" " taken, with the axd of varmus buﬁ'er solutions,’
thrins are reduccd at drppplrlg mercury ca-’
thode, that the half-wave potential- is about
"-l.Jav..and that the relation between the con-’

centrations and the: wa\e helghts can ‘be rep-

- describéd in 1 of IIL. The ,re_sult\is shown in.
Fig. 1~4. The values of pH.in the figures are

ST o
resented by a linear equanon.They, as.a nsult‘ ) 1001 ] ~
of these experimerits, indicated the pOSSlblllty 0 Lok M
of analysing allethrin quantitatively by the ' = 1l W‘

polarographic method. They, however, made. no RO A 0 I ‘ m

-

investigatxon on a pure 1somer of allethrm and-'. _
-neither they referred to the determination of V- ) . 1
allethrin in technical allethrm., o S BN N N

" The currently used methods of analySIS for . Y.ON . ’1 ”

standardization of pyrethrum products are. || v o ' : ""J :
Seil’s and mercury reduction methods. The . 1] ‘ 11 ‘
_authors’ expenences have proved Sexl’s method - ‘ ' It 1l
not appllcable to’ techmcal allethrin. The < ) ) : '
npplicatlon of -mercury reductxon method to " - »If <4

allethrin seems of little meanmg jin prmcxple, .
nlthough it has not been actually apphed by _

h the authors. : o : _FJ
It is reported that F. B Lal‘orge et al. @ T A :

; Fig.1l:Polarograms of 16 x10-* M a-dl-trans

allethrin reduced at different pH values:I -

. recently succeeded in separatmg an isomer of

allethrin (w-dl—trans-) as pure. crystals, which . (pH 115) begms at-0.57 v.11(pH 2.15) begms' .
melts at 50. 5~-51°.'With tpxs pure crystallme*_ ; at ~0. .)7 v. 111 (pH 2. 96) begins-at -0.58 Vel
isomer as standard matenal the authors’ invest- . o s :
igation of determining allethnn was carried out 'of-the buffer solutxon added. The,\vave fo_rms_
by polarographxc method. Thxs method gave the were different when p]:l ‘was 1.15, 2.1‘5,,2.96,‘
reliable and satlsfactory results,and is. beheved ' 'apd '.3.!)7, although. the ‘polarograms in everyl

Y
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The polarograms of @-dl-trans- allethrm were, ‘

- by the method and ‘under the‘ conditions - .-
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.Flg. 2: Polarogr'zms of 16><10“’Ma=-d1—,
" trans-allethrin reduced at different pH

cvalues : I (pH 3.97) begins at -0.57 v. II

(pH 6.01) begins at -0. 56 v. 111 (pH 5. 90) =

hegms at 0,67 v. -~

I-0.8V.—<

‘;——- H s
i K
/ Fig. 3: Polérogrnms of 16 x 101 Ma-
di-trans-allethrin reduced at different
pH values: I(pH 6.90) begins at -1.

07v. II (pH 8.14) begins at-1.00v.
- IIL (pH 9.19) begins at -1 W0v. -

case showed one-step rcductlon. As the value
of pll mcrc1sed, the reducnon potentlal*

* The potential in this report is shown by

N-Calomel I:lectrode Standard. < O

.went fast into the negative. Among these cases'

I‘lg' 4 : Polarograms of 16x10-1 M a-

{ . - dl-trans-allethrin reduced at different

" pH values:I (pH ‘10.12) begins at -1. 12
v. II (pH 10.86) begins at -1.13 v. 111
(pH 12.12) 'begins at -1.15 v,

’ '-sﬁifted to the hegativc by degrees, and the o

wave height decreased. When pll was 1.15, the
maximum - appeared. When pH was 2.96, pH
of the electrolytxc soluticn 1tse1f “as about

-4, .and the half-wave potentml was about

-1.27 v. ’

When pH‘wns 5,01, the polarogr‘tm showed,:"
txvo-step reduction and it is supposed that the -
first wave was due to the reduction mechamsm .
stated above, ~and the second wave, to- the. -

reduction mechanism when pH was below 5.93.
“The wave form and the wave height in ‘this

polarogram did not change by time.

When pH was 5.93, 6.90, 8.14, 9.19, ]0.
12, 10. 86, and 12. 21, the polarog;ams again
showed one-step reduction, but the wave formsj :
in these were different from the ones in the
cases stated above,and the reduction‘potential§ .
,
howe\er,‘the dlﬂerences of wave form, ‘and

wave height . were not very great, and thew
- reduction potent1al shlfted a little to. the
negative - by degrees as the value of pH" Cos

increased. .
_ The change in the mode of 'feduetion';from' :

-one step to two stepé. a_nd' again to one step

AN
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respective- cases,
- electrolytlc _solution,

3,00 x 108 A.)

) according as the value of pH changed,appeared
very often 1n the reductlon at the dropplng,

mercury ‘electrode-of the compounds with ketone

_radical. The authOrs, after carefully companng :

" those polarograms and consldermg the easiness

or dlfﬁcultIES m measuring’ wave hclght
chemical stabxhty in

in
the *-
and other elements,

decided that the value of pH of . the buﬁ‘er ‘

‘or. thereabout. S : : : K

'Effect ‘of Temperature on Reductlon.

Wave.~ e Sy

“The, emperature is highlr/ inﬂuential

in

Sfi-'kﬁf?iﬁl?ﬂ!

The theoretlcal equatxon of the curve is as:
below. S Ll :
id= 0158 T+ 508 cecrinnn. (1)

"In this:equation id shows the wave height in:

‘centimeters and T signifies the temperature in
Centxg’rade. Under these cxrcumstances, there-

: fore, the posxtlve temperature coeﬂiclents of. B
wave height varied between about 2. 7/ at b C o

“and about 1.6% at 30°C. o

solution used suxtable for the analysis’ is’ 3. 0

© As qhown in’ l‘xg 5, "the incliration of

i dlﬂ'usmn current (Lw)mcreased llrearly as the |
.’ 'temperature rose. On the other hand, the half-

polarogtaphlc 1naly51s. As to how the tem~ :

perature affects the diffusion current, D. Ilkovu.,
“I.M. Kolthoﬁand] -J. Lingane®,
out that, as the temperature rrses, the dxﬁ'uswn

coefficient of the reductant _increases, and thc,

dropping mercury becorres less

’easic_r to drop," and,

The polarograms of a-dl-trans-allethrin

have pomted ',

‘together w1th other
~ elements, cause the diffusion current to go up.

were ‘taken at varmus -degrees of temperature’"

conccntx ation and the

) electrolytxc solutlon wcre Lept constant. “The

wave height increased lxnearlytln proportlon

I‘1g. 5. ) .
~
[+3
- 3
N : N
{40 7
RGN O ‘ ’ -0,
T 9| ls0 &
80 - 1 S
e - 5
w7 120 «
2. I
~ B - e
° 6 - " 2
s J10 &
° s 16 16 20 25 30 %
- Temperature (°C Y L&

fFlg 5 Wave hexghts and inclinations of -

allethrin at different temperatures:(,indi-"
cates wave height (Imm wave height =

», 1nd1cate= 1nchnatlon
.of. dlffusmn currcnt. : .
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- l)y the method shown in 1. of. III, while the -

diffusion current of 16X 10~ M a-dl-trans--,

viscid: and S

composxtxon of the

. ‘to the increase of temperature,~ as shown in-,

.

N

. ‘wave potentlal went gradually into the negatlv

as the temperature rose. :
Consequently from the analytxcal vie\vpoint,
it 1s evxdent that ‘the temperature should 'be
controlled to at least :!: 0.5° C., or better, in
“order to keep errors ‘due to- ‘the’ temperaturc

i . effect \uthrn + 1/, when the temperturc is 25

C or. thereabout.

" Relation behween Concentratlons
Wave I{exghts. o _ .o
By the ‘method and under the conditions .

descnbed ‘in 1 of I17,
the concentratlons and the .wave heights of .
L a-dl- trans allethrm was studred and thc result
obtamed ls shown in Fxg. 6.

and

the relation hctwccn .

e
.. o
. . \ ]
10 N
N
~ '§
) 5
; 5
v 8]
w . . §
fo 6 1y 407
. =
Rl
) - <]
T - A
o4 30
5. . 4y
o8 -6
B ] 8
< o
-1 S - 208 -
- e
g K
0 . N . « |10 ™
.0 2 4 -8 12 167 20 ’

- Concentratmn (10“ MY

" Fxg. 6: Wave heights and inclinations of
.. [diffusion current of 16x10-4 M a-dl-trans-

“allefhrin at different concentrations :.O,

" indicates wave height (1 mm. wave height
=3.09 % 10'8A )@, lndlcates mclmation
g of dlﬁ'usmn curreht. N



‘The standard “theoretical equation obtained
crosses the axis of coodinates at zero point,

“and is as below.

‘concentration of Aa'-dl frans-allethrin in

id; = 0. r,(";c, + 0. 010 +oes cee e (3)

where, id; is the wave. height in centimeter,
and C; is the conccntrntlon shown in unit of .
10~ M,

Therefore, the .wave _ helghts
proportional to the
calculated values and- experimental values are

almost the same, with pos;lble expenmental

are

errors. considered. Conversely, therefore, the

. from the wave height. -

" shown in Fxg. 6,

 studied. '
height showed any change after 12 hours at =~

[y

The inclination of diﬁ'usmn current, as

~
the concentratwn mcreased :

“The change by time of the reduction wave -

under the conditions des:ribed in-1 of IIT was

°):I:O2C.

II. POLAROGRAM OF THE GEOMETRI—
C@L ISQMERS OF ALLETHRIN
‘When the geometrical sfructure of stereo
isomers is diﬂ'erem_:,‘_,-
most cases, appears different as'is kno\vn, but

the opitcal isomers show thé same reduction '

wave. Now, if the cyclopentenore ring is a .
" plane,
possible - for allethrin, - but -anjong these, the .
two geometrical isomers, which are due to the .
cis and trans conﬁguratxons of chrysanthemum’
- monocarboxylxc acid, are mvestlgated here.

there are theoretically 16 isomers

.The polarograms were taken of dl-c15, trans,

dl-cis, and dl-trans isomers of allethrm by

the method and under the conditiéns described
in 1 of IIL ‘In all cases,
the reduction potentml are xdcntxcal with those

of a-dl-trans-allethrin as shown in Fig. 7. The -

"half-wave potentials and the relations between
the concentrations and the wave heights are .
“shown in Table 1., :

‘It is - safely, therefore, éurmised'that the
relatlon between the concentratlons and the
wave heightsin the case of e-dl-trans-allethrin

represent that of the other i isomers of allethrin, -
wise that e-dl-trans-

Consequently, * it is
allethrin, which can easily be-obtained as pure

By M Ft w17 B

concentrations .and the

the _
electrolytxc solutlon can be calculated precmely“

‘increased: exponentlally as-

Neither the wave form nor the wave -

the reduction wave, in-

the wave form and - '

" generally,

L1 1idh
i wuuuliA t

11

1 Fig. 7: Polarograms of geometrical isom-

. ers of allethrin : I (a-dl-trans), 1T (dl-cis,

" trans), IIl (dl-<cis), 1V (dl-trans). Each.
concentration is 16x10™4M, and each
polarogram begins at -0.80 v, :

Table 1 : Half-Wave Potential and Relation
. hetween Concentrations and Wave Heights
of Geometrical Isomers of Allethrin.

Half- Wave

Isomer of ‘Relation hetween

Allethrin |Potential S&’:f:'};ﬁ,’g}?{': and
.a~dl-trans ca.=1.27 | idy = 0.563 C1+.0.019
dl-cis, trans| ca,~1.27 | ids = 0.550 C2+0.030"
dl-cis ca.—1.27| ids = O.‘547 Cs +0.044

Cdl-trans | ca.=L.27 | idy = 0.564 C,~0.120

crystals, should be used as standard matter of
the polarographic determmatxon of the ‘total -

iy 1somers ‘of allethrm. I

III. QUANTITATIVE DETERM]NATION '

. OF ALLETHRIN

The following is tlw method of determiﬁatiqn -

of allethrin dcvicéd after the aboﬁe-mentioned -
’Jn\'estlgatlons. and the study of. the accuracy
‘ of thls method with various samples. o

Method of analy51s. .
a. Apparatus. In quautxtauve analyses,
the »multlplymlgv _power” of the

galvanometer shunt is  adjusted,: and ' the

~coefficient is determined for the later calcula-

tion. In the case-of allethrin, however, the
difference in the multlplying power results in

- the difference of the wave form, which causes -

1
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~ water. - . e

\

errotrs m the constructlon. It is recommened, .

therefore, that the multxplymg power is kept ~

—_constant, - ‘and the samples are taken in ‘such a
“way that the: allethrm concentratlon m the
r-lcctrolytlc solutmn is Lept within the glven A
range ‘in all cases

Furthermore, the \wav’

form drﬂ'ers with the characteristics . of

menter to he well expenenced with the appar- .
atus. - o ’ _

“The clectrolytlc cell is of ‘the same type as
used \by M. Nakazrma et al.® in quantntatlve
analysis, of ’ ‘BHC. This cell can keep the
temptrature of electrolytlc solutxon constant
easlly. ;

~b. _Reagents.

'I’he reagents must have undergone a blank ;

RE P

test and shown no reductlon ‘waves.
necessary that-this blank test should be done
every txme the _reagent is used> .o L

1) L!hyl Alcohol : Ethyl alcohol of bp 78°‘

" from which aldehydes havebeen completely re- .
moved in the undermentxoned way is used.Cornc, -
- sulphuric acid ‘and water is’ added 1o alcohol .-

(Proportion: HgSOmcc ,H2020 cc. alcohol 111tre),
and distilled. To the distillate, silver mtrate
“and potassxum hydroxrde are 1dded(Proportlon
AgNO:,lO g., KOH'l g.,the distillate 1 litre), .
and after several hours’ bmlmg is redxstllled.
2) JW/S((CH';).,NBr) solutzon : Tetra—methyl

! ammonium bromide is punﬁed by recrystalll—
. zation from alcohol, and dissolved_ into dis_tilled

3) Buffer solutzon :\Sorensen s éodlum
- citrate- hydrochloric acxd buﬁ'er solutlon of ’

PH 207, . o)

4) IIydrogen Oxygen is completely removed )

beforehand by passing it }hrough at least five

the
galvmometer, _whrch necessxtates the experx-' .

It ]S.

Ui.’kﬁ%ﬁﬁﬂﬁl

‘ sured accurately) is pl'lced in10 cc. measurmg

ﬁask and is made'up to 10 cc. with- ethyl

. NBF solutlon

~ alcohiol. Oné cc. of this stock solutlon is taken. .

in a test tube carrying a glass s‘topper,' added -
with 4 cc. of ethyl alcohol and 1 cc. of M/5(CHs)-
To'this solutxon, 4 cc.of buﬁ'er

- solutlon is added shaken, and poured mto the
'electrolytlc cell which has ' been contalned -

" anode mcrcury, and of whxch temperature kept
* at 2520, ’°C When the procedure is ; over, .

'l,electrolyuc solutlon to- e
: )mnutes later,

. becomes difficult.

~dissolved oxygen is removed from the solutlon'-
at 2):&:0.5°C. by a stream of hydrogen (too o
,strong a rush of hydrogen may cause the

vaporate) Thxrty .
after the buffer solution

2) Sample wzth AIlethrm Con'ent beIow abont

'25/.

,AS stated later, when the allethrm content
in techmcal allethrm is below 252 ,generally, .
the wave form is obscure and the construction
If the ‘experimenter” finds
ouf by “the above-mentloned ‘method that the *

“sample belongs to this category, thercfore, it

. is advisable for him to add a certam amount"

‘of ‘pure e~dl- trans- -allethrin to the electrolytlc
. solution” so* that ﬁhe typlcal

wave can “bhe

obtamed.

About G0 mg. of sample (wexght must be

.measured accurately) is placed in 10 cc. volume-. -

tric flask, and is made up to 10 cc. with - ethyl

< alcohol. One cc.'of this stock sdluti'on is taken™.
-in a test tube carrylng‘ a glass stoppﬂr, and

added with 4cciof 107M a- -dl-trans- allethrm’

;ethyl .alcohol. solution, and 1cc. of M/5 (CH3)4

k TNBr solutlon. The later process is the same as.

pyrogarol washmg bottles (10 g. of pyrogarol

is dissolved into ]00 cc.of saturated KOH or
"NaOH solutron) . SR S
5) ‘Mercury: Mercury used at cathode and

‘ anode has been purlﬁed by dxstlllatxon, after

bemg washed w1th mtnc acid solutlon.

-Ce Procedure. : ' : =
1) Sample with. v Allethrm Content above about :
25 / ‘ IR > P _
About GO mg. of sample (wexght must be mea-

uz

: obtamed
’ method mentloned below.

" in the case stated above. '\

. The wave helght of the’ polarogram thus ’
-the'
The concentratlon'

is measured by constructlon

“of allethrin is calculated from the- measured’

curve (equatlon 3) prepared by “the slmxlarA

process in pure a-dl-trans-allethrin. .- .
d. Method of Measunng the Wave Height.
The method of construction. xs nearly the

© same as the one by R. Yamada et- al, AS'
. indicated by Fxg. 8,'

a slope lme is :drawn

is - -
- added, hydrogen is cut oﬁ' and the polarogram
tls taken at 2540, 5°C B ’ :
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‘ _Fig. 8 _Method of measuring wave height. .

- through t.he centér of oséilations " A straight”
tangential line (AB) is dmwn to -the slope

line in diffusion current, and another straight
‘tangential lme(CD) is drawn at the bending
at the foot in parallel wrth the line(AB).

Then, a str:ught llnc(l‘l‘) is drawn through

‘the point of half-wave potential (M), and the

pmnts at whlch tlns hne(I:.[‘) ,crosses the

,already drawn_ two lmes(AB ‘and CD) are - ‘

" maried G and H, respectively. The blsectmg
lmes of the 1ntersect1ng' angles(L[‘GA andL
DHE) are then drawn, and the pomts ‘at \vhlch

those lines intersect the slope line are marked

The '
distance” T)etWeen I and Jii.e. KL, is the wave
height. K .

I and' J, respectively. perpendicular

2 m-"g"s&: %,'17_ )

H

Next; in order to determme the 1ncllnat10n _

the diffusion - current, the degree of
mtersectlng angle (/@) made by the lme(AB)
and the horlzontal axis of this current- volt'\ge
’curves, is determmd

:Polarogrms of Related Compounds of

) proportlons.

Il lm” i ”’“ [
ol ey

’ and mxxtures of a-dl-trans-'lllethrm and
’dl-allethrolone ¢ I (16 x 10*Af dl-alleth-
rolone), Il (16 x 104 "M .e-dl-trans-
allethrin + 4 x°107M dl- -allethrolone), 111 .
(16><10"4 M e-dl1- ~trans- allethnn—i—leO"‘M .

l—allethrolone) Part of A indicates dl-
allethrolone, and part of B indicates a=dl~ ..
trans-allethrin. . Each polarogmm bcgms
at -0.79 v. ’ '

'the condxtrons descrxbcd in.1 of III is shown:
in 1 of Fig. 9. ‘The half-wave potential of
allgthrolone ~was about -1.45 v.,
further in negative than that of allethrin, by
about 0.2 v The polarogr'lms taken of the -
suliétances of Sample 6~10, 12, and 13 under

which was

© . the same conditions are 1llustrated in Flg.

10, and 11. They do not show the reductxo-:
wave ‘between ~0, 1 vi and -1.6 oy but it- is
supposed that they may mﬂuence the’ reductmn
wave of allethrin. In this sensc, many sample
were prepared thh those subst:mces in various °
and e-dl-tfans- allethrm

i analysed . Ethyl-3-ox0-6- heptenoate, pyruv-

. Allethrm and Influence of Those Compounds . :

on Reduction Wave of e-dl-trans-Allethrin."

The result of the study on the polarograms .
of the intermediate substances (Sample 513
of 2 of Experimental Part), which ‘might '
- contaminate the technical alletifin in the
process of its production, is as follows 3 K
The polarogram of allethrolone taken under -

aldehyde, and dl~cis, trans- chrysanthemum- i
monocarboxyhc acxd have no 1nﬂuence at all, -
as shown in Table7. - .- - .. -//, - :

a. Influence of dl—allethrolone., RREI
- As indicated by Fig.
allethrolone was added to a-dl-trans- allethrm,

" the diffusion current. of a-dl- trans-allethnn»

became steeper. - Accarding as the.quantlty» o_f

13

-

were -

9, and 12 when di~ f
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" of allethrin :.
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Flg. 10 Polaro rams of related compou-
" nds of allethrin:- I (ethyl-3-0xo-6-hepten-

oate), 1I (crude matter of 3-hydroxy-8-nors .-

-ene-2, 5 - dione), 1II° (crude matter of. dl-"
cls,trans-chrysanthemum-monocarboxylate )
of 3- nydroxy—S nonene-2, 5- dlone) -.Each
-concentration - is 16x10- .M,
" polarogram begins at -0.09 v.. -~ .-

“and each, :

Fig. 11: Polarograms of related compotunds

acetone),. III (dl-cls chrysanthemum~mo-~.

ks '_ngraboxyhc ‘acid), 'IV ' (dl-trans- chrys~

" anthemum-monocarboxylic acid).

. Each
", concentration is 16x10-M, and each polaro- -

O 'gram begms at -0. 09 AT

' diﬁ"uslon current (Lw) increased exponentlallv, -

dl-allethrolone

~.and the double wave appearéd. The first wave
- was due to a-dl- trans allethrm, and the second'

. wave to dl- allethrolone, and the two compounds.'

.-.reduction
. remairned " the-
“trans-allethrin alone -

were clea_rly distinguishalle,’ In a]l cases, the
-potential- df‘
same -as- m the case, a-dl-

\VaS

wave height calculated
above - mentioned const_ructlon
became a 11ttle lower
the wave helght

g

el LT

I (pyruvaldehyde), II(allyl- h

tested Because‘

" the :diﬁus_ildn'tel_lrrent of ‘a~dl- trans allethrm L
“.became steeper, the
- out by the
. method,"
s as. mdlcated by I‘:g. 12,

mcreased the mclmatlon of -

a-dl-trans- alle'thrin .

Namely, .

~ | . L
N %
CE 10f- N
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e 70 &
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T was added to it.
_ determinaiion‘of allethrin was from about_

| L :' | 1 S

0 3 8. - 18 16
Concentxatxon of di Allethrolone (10-4M) -
Flg. .12: Difference between wave height .
of .. @-dl-trans-allethrin -alone - and wave
helght when dl-allethrolone is- added to it,
and inclination of dlﬂusmn current of a-
" di-trans-allethrini-when dl-allethrolone is
added’ to it : Concentration of. each a-dl-
“trans-allethrin is 16x10~*M. Q, indicates
difference 'of both . wave heights (lmm.
 wave height = 3.09x10~%A.) ;~@, indicates
inclination -of ‘diffusion current:

decreased exponent:ally. In this -graph, the

_alone and the wave height when dl-allethrolone
~In these. cases,

-44’to1bout-75/.r ST

b. Influence of dl-eis, vtrans Chrysanthe— ,
-mum-monocarboxylate of 3- hydroxy 8-non-.
ene-2.5-dione.. .
 As mdxcated by Fig. 13, when dl-cxe,trans-'

'chrysanthemum monocarboxylate of 3~ hydr-,
oxy—8 nonene-2, a-d.lone(Sample 6) was added to
Ca-dl- trans allFthnn, the dxffusmn cu_‘rrent of
' As the"
' fquantxty of Sample 6 ‘increased, the inclination

a-dl-trans-allethrin -became " steeper.’

. of diffusion current (La) increased eXponen-
tially.
’dlﬂ’usxon current increased, too.

On the other hand, however, lostensxble
If the quantxty
of Sample 6 shown in molar concentration was

’ .less than half of the’ qu:mtxty of a-dl- -trans-
g allethnn, the{

‘wave height, _'obtaxmd .

Iongitudinal axis shows the difference '
" between the wave height of a-dl-trans-allethrin

the error of -

was -
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Inclination of
Diffusino. Curr—-

" ent(/£a®)

<2
K-

0 . 4 8 . 12 " 1.
'Coricentration of Sample 6 (10~ M)
Fig. 13: Inclination of diffusion current of "

@-dl-trans-allethrin when crud® matter of -

_ dl-cis, trans-chrysanthemum-monocaboxyl-

_ate of 3-hydroxy-8-nonene -2, 5-dione
(Sample 6) is added to it: Concentration of'
each - dl-trans-allethrm is 16x10~ M.

almost the same as the one when - a-dl-trans- .
‘allethrm alone . was tested. But when Sample 6
‘and a-dl- trans a]lethrm ‘were m the same

molar, the wave hexght showed. the increase
of ‘ahout” 9/.,. In any. of the abO\e mentloned
cas‘es, there was no- change, as shown in the

5 liné of Tal)le 9, in the reductmn potentml :
' of «-dl- -trans-allethrin, = : .
e Influence of 3—hydroxy 8-nonene-2 S-dione.

Curr'ent(Za_:°)

1

30

Inclination of Diff--

usion

'/ Corcentration of Sample 7 (10~4M).
- Fig. 14 : Inclination of diffusien current of -
a-dl-trans-allethrin when crude matter-of

3'.hydroxy-8—nonene-2,5'—dio_n_é (Sample 7)
is added to it: Concentration . of eéach a-

| .dl-trans-allethrin.is 16x10 M, :
~As 1nd1cated by Fig. 14, wten 3 hydroxy-

8- nonene-2,5—dlone (Sample 7) was ° ‘added to o

a-dl -trans-allethrin, "the’ diffusion current of
a-dl trans-a]lethrm became steeper. -As the

quantity of Sample 7 increased, the inclination .
“of diffusion current (L&) in.crea_s_ed exponenti-
ally. On the other hand, however, - ostensﬂ)le -
_diﬂ'nslon current incrcased too, If the quarntity = .

of Sample 7-shown in molar: concentratmn was. -\ o
-",;-- .'allethrolone and the detailed study. on the T
- " influence of d}-allethrolore upon the reduc: = -

less than half of the quantlty of . a-dl-trans-.

allethrln, the wave helght obtained was- almost -

the same as the one wher w-dl-trans~alletherm
alone was testcd._ But, when Sample] and

v

Cpoa o

‘result, the"qnantity of added
allethrin and -the analym‘al values agreed .

PR L

@- dl-trans allethrm were m the same molar, ..
the wave helght showed ‘the increase of about .
5%.. In:any of the . above-mentxoned cases, '
'there was.no change, ‘as’ shown in the 5 lme
of Table 9, in- the reductlon potentlal of e-dl-, .
‘trans-allethrin, SRR -'

. The possibility. that dl-allethrolone, Sample
6 or 7, exist.in techmcal allethrln is- great.

As indicated in 3 of. ]I]' the result: of the
nalysls of techmcal allethrm by the present

authors showed that the dlﬁ'usmn current of

techmcal allethrm ‘was - steep ‘as’ compared
with that of the pure a-dl—trans -allethrin, and
technical . allethrin with a ‘low: content of

allethrm often showed the double wave on

account of the unreacted allethrolone (e. g. No
and 3 of Fig. 15).
authors separated dl-allethrolone from La
technical

certain allethrin

cannot. possibly exist so much that they are
* I . -
in the same molar as allethrin. The question

is, therefore, the correction of errors. caused |

" by di-allethrolone, which is now under study. %
.. 3. Results of Determination of Allethrin
Lin- Tec'hnical' Allethrins "and Analytical
- _Values of w-dl-trans-allethrm Added to the

Technical Allethrins. : ‘
chhnxcal allethrins produced by varlous

makers both-in Japan and the U. s. A. have.

been aml;sed by the. method stated in- T’ of

IIT. As mdlcated by 1‘1g. 5. and 16, the ‘
_reduction- wa\es showed sich wave forms that ‘
© ' the. wave helght could be measured by the -
_;\""aboxe mentloned method EETE

Next, the analyses were conducted after
adding some quantlty of pure a-dl- trans-

" As a matter of fact, the :

» v by partitionw i
- chromatography. - Judging from the process of
the production, - dl-allcthrolone, Sample 6 or 7

allethrin to. the, technical allethrin, As the

-dl trans-—

fanly well, w1th some expenmental ‘errors m .

.. % The polarographlt determmatxon of :dl-

N N

- tion wave of a<dl- trans-allethrin are now -

being continued,  and  will: probahly
»publlshed in_the next report. I

g



consideratlon.

|, As'may be. Judged by the above- mentxoned
' facts and the results of:the study mentloned 1n
"‘.z of’ III if by the method of determmat:on
of \allethrm 1ntr0duced by the present authors,

T

ﬁs 17% |

Ea

- b o.2ved

. 'errors wluch may. creep in are Lept within_ the -

s eXpenmental errors with most of the samples.

_When unreacted allethrolone exxst in’ .compar- .-7 -

 atively large quantxty in:. ‘the sample, errors.
do not -exceed -7. 5/ ol

Polarograms of some . lechmcal.

.Fxg'. 1.

L.

‘allethrins : No.1 (allethrin content is.1925);
© "No. 2° (allethrin content is 282), No..J§ .-~
< (allethrin content is 392),No.4 (allethrin.
.. content is 5125).° Each number correspond
_to one of Table 10, and G mg. of sample: -
- is contained” in ‘each 10 ce. . of electrolytlc’_, S

.. solution,- A’
;" “unreacted dl- allethrolone. Lach polarogram '
- begms at -0‘79 Voo ’ .

EXPERIMENTAL SR
Apparatus. S o

A Heyrovsky-Slukata type
. (made by Yanagxmoto Seisakusho Co.)-was

o 'employed The: sen51t1v1ty of galvanometer

R :employed was in-all cases’ 3. 09x10-3A, per
E mm. per m. The capxllary constants, measured

vat-l Ov. in electrolytlc solutlon mentxoned/

“indicates the. existence of.

. polar'ogfabh‘

| HMNW ’!I —',,‘;

1

e

Fig."16 Polarograms of some teclmical“
allethrins: No.5 (allethrm content is 62%),
No. 6 (allethrm content . is 73%), No. 7
'(allethrm content is 782), No.8 (allethrin
...content is '8625). Each .number correspond

_* to one of Table 10." Six mg. of sample is. .
- .contained in-10cc. of- electrolytlc solution

for No.5 and 6,and 4.8 mg.and 4.2 mg. for
. No.7 and 8, respectively. ach polarognm -

: ,‘I)egms at -0 79 v, -

‘ of dl- —allyl-3 methyl 4;hydroxyQ-cycloﬁehlch-
f"l -orie (a- dl tram-allethrm)

-

. This was obtalned as crystals by cooling,
‘»allethrm mxxture at a low temperature: and
recrystalhzmg it from petroleum cther@, mp. :
© 50. 5~5lo. . Co

Amal. Caled. c,QH,.;os C75.46. 1 8.67
- Found" Coms2T T 810
2) “dl- -cisy trans-Chrysanthemum-monomrboxyl—

“ ate. of dl-2-allyl-3-methyl- 4—hydroxy-2-cyclopen-

ten- l—one (di- a:, tram-allethrm)

Thls is’ a sllghtly yellowlsh m'ttter obtamed .
by purxfymg, by means of partltlon chroma- '
B tography@ the oxly ester mlxture, which ‘had

. been obtained by estenﬁmtlon of dl—allethrolonc

in'l of - II] are as’ follows ‘me= L 14 mg. per '

. séc.; t=4.42 sec. per drop, mz/3 t lI"—-l 398
) 2.-.‘ Sample Used. M S
1 ) w—dl—trans Chrysanthemum~monocarboxy[ate

;116 o

’

- i
T dl—Z—allyl 3 methyl-4 Izydrovy-z cyclopenten-l-~ :

- with dl- cls, trans-chrysanthemum—monocarho-

xyhc thonde(‘” untll the wave height dul notr.
_ rise any further (thxs took - four timcs) lts '
- wave hexght was, as mentmned in II almost

the same as that of w-dl—trans—allethrm
3) dl-cis- Chrysanthemum monocarboxylale of
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‘one (dl-cis-allethrin),
. This is a slightly yellowxsh matter obtamed
by punfymg. by mean§ of partmon chroma—

togmphy(”’ the oxly cster mixture, which had. .
‘been obtamed by esterification of dl-allethrolone -

with. 'dl cis- chrysanthcmum—monocuboxyl1c
chlorlde@’.unt;l the wave height did not rise
-any further (this took. four times)

height was, as mentioned - in II, almost the"

.same as: that of a—dl trans—allethrm. )

4) dl-trans - Chry:amhemum monocarboxylateh '
- of dl-2-allyl-3-methyl—4— hydroxy-z cyclopenten- c

1-one (dl -tram-allethrm)

.. This.is a slightly yellowish matter " obtaini-"
ed by punfymg, by ‘means of partition . chro—

matography<8) the oily ester mixture, whlch
-had bexn obtamed by _esterification of di-

allethrolone wlth dl “trans - chrysanthtmum-'

monocxrbo‘{yhc chlorldeﬂ’) until Athe’ wave

helght dxd not n<e -my further(thls took four
tlmes) Its - wave hexght was, as. mentlo‘led in

17, almost the same’ as that of . e-dl- trans-

~-~allethrin, »
5) di- ‘7-Allyl—3 methyl 4 hydroxy—Z-cycIopm- -

ten 1-one ‘(d,—allethrolone)

" This was obtained by cychsatxon of 3 hydr— .

oxy-8- nonene-2, 5-dmne with’ sodium’ hydmxlde

and wag. xsolated as described by F. B. La- '
: I‘orge""’ bp.' 117~118°/0.9 mm._'
4 6) dl—cts, tram‘-Chrysanthemum—monocarboxyl—

ate of 3- hydroxy 8-nonene—2, 5-dzone(crude ma-
tter). o

with dl-cxs,trans chnsanthemum—monoCarb-
oxvllc acid chlorxde in absolute benzene cont-~ -
i alnmg dry pyndme. :

7) 3- Hydroxy-S-nonene-Z 5—dzone (crude ma-
tter): i C .

fum_hydroxide ani the resulting solition of
sodium salt was condensed with pyruvaldehy-
de at piI 8.0~8.5 :
as described.

- 8) Ethyl-3-oxo -6- hep!enoate.

This was obtained by the carbcthoxylatmn

of allyl acetone using the forced- condcnsatxon, :
procedure with sodium methylate and

“ethyl

Its wave ’

© acid.

3-Hydro‘zy—8 nonene-2 5 dlone was estenﬁed S
._‘_¥1n Table 2 were used and the pohrograms of
‘@-dl-t;ans- allethrm Were taken by the method

0 ollowmg 1% B L1[' orge s prou_durc(“”, cthyl- R
i—oxa G- heplenoate was hydrolysed with sod,— i

and the product was isolated

B oA B g 10 m

carbonatédh,’ bp, 111~117°/14mm, .
- 9) 5—Hexene—2 -one (allyl acetone).

" This" was ‘prepared through’ cthyl a-allyl--
acctoacetate from ethyl monosodio-acetoacetate

and allyl bromxde by the ordmary procedure.

bp.127~.132°,

10) Pymvaldehyde ¢ methyl glyoxal Y.

This was obtained by the selenium dioxide
oxidation of acetone and distxlhtion under

. reduced pressurc“"’ Yellowish colourcd viscous
lxqu1d _Analysis by precipitation of 2 4-di- x

mfrophenylosazone showed 812 purity. ‘
11 di- ~cis, trans-Chrysantlumum monocarboxyhc

This mixture was obt;uned by the addition

" . ofethyl dlazoacetate to 2, o—dxmethyl—~,4 -hexa-
- diene and s'tpomﬁc‘ltlon of the resulting pro-

. duct with alcoholic potash®, 1yp,143°/12' mm.

12 dl-ci:—Chryséznthcmum—monocarboxylic acid.

~This was isolated as crystals from the cis, -
trans -acid mlxture dxssolved in ethyl acetatc
by cooling at a low temperaturc and \vas

‘recr_ystalhzed from the same- solvent“” mp. 115
1160,

13y dI- tram'—Chrysanthemum monocarbovyl:c

acid,

The ﬁ_ltréte from crystalline cis-acid was

fractlonated repeatedly under reduced: pressure

and’ the trans-acid crystallized out. from a

thick solution of ethyl acctatc(“’) mp. 54°.

'3 Influence of pH on Reduction. Wave of

-dl-trans-Allethrin. _
Buﬁ‘er solutlons of vanous pH’s as shown

described in 1 of III. The results are shown
inFigs 1~4.- ~ ° '

-.1'4 Effect of Tempemture on Reductlon

-Wave of @-dl-trans- Allet.hrm.

lhe polarograms -of a-dl -trans- ~allethrin

uexe taken at varxous degrees of temperature

by the method descnbed in 1 of III, whlle‘
the concentration and the: composxtmn of the
The
wave heights and the inclinations of c_iiﬁ'ueion
current (/&) measur:d are sh0\i‘rn’irii’1‘al)le‘_3.
5. Relation - between Concentration ‘and
.+ Wave Height of «-dl-trans-Allethrin.

A | A

electrolytic solutan were ‘kept corstant.

LN



Table 2: Buﬁ'er Solutlon Used. :

h)dxogcn electrode.\ L

‘I'able 3 “Wave' Hexghts and Inclmanons B

'trans- Allethnn at Different, Temperatures.

'l‘cm;z’crature |wave Height g%g;?él:ncgf
TR s rrent fas ¢
5.0 2 0.2 5.80 BETIC R
10,2 0.2 6.52 . .- 18.5."
14,9 0.2 - |0 7300 | U235 0
21,0 + 0.2 | 824 ). 301
25,1 £ 0.2 . 8.90 - | 346"
20,0 = 0.2 . 9.51 . 41.3

1 mm. ‘wave. helght

+ 3.09x10-°A. "

' 'J able 4: \Vave Helghts and Inchnatlons
of Dlﬁ'USmn Current of w—dl-trans-Alleth- :
rm at Dlﬁ'erent Concentratxons. ;

Concenras- [ W g | otiion of
104M _ rreat; oo
. F qund Caled.] "~ Le®
oo | iveel| L) 0
S 26 | 2] 80
“8 7 1 ia6l| 450 3.3
Ttz leerr| 6Te| 258
16 -8.88| 9.1 - 185
200 ['11,88) 1L26| . 158

.1 mm, ‘wave helght = 3. 09x10‘3 A

' 'lemp.. 20 :!: 0.2°C."

-’l‘he wave hexght and the 1nclmauon of

8

'
.

.
<

) _at various concentratlon were determined by ’,

ol
nf Diffusion Current’ of:- 16x10~% M.a- dl-. .

;-

S Classxﬁcatlon egﬂigi zlﬁ-gc. >_ »
Clark and Lub's 10 B R 05 & R
'HCI-KCl '2.0 ‘ o206
Sternsen's . - | 297 ‘- 2.9 .
" HCL-NaCitrate |39 BT
e e 496 - 8,010
Kolthoffs 6.0(18:(3. [oams
' KH;POBorax . |- -OI8°C.y 4+ 690, ¢
©8.0018°C.) | ;814
- f 7| e8| 019 -
Sbrensen s -] 9.86(2°C.) - 10.12
. NaOll-Borax . |10.91(26°C.)| = 10.86 -
' | 12.13¢26°C.)|. - 122
- % This .value was ‘determined .

w’ith'. an .-

X I-lalfrWave po- .| .
- tential -

... Inclination of _
~ diffusion’ curr-

-_taken, and the half- w1ve potentxals, .

'drﬂ’usxon current (Lw) of w-dl trans-allethrm

the method and under the condmons descrlbed

. inlof III The results are’ shown in Table 4
- 6, Change of Reductlon Wave of a-dl-trans— L0

" Allethrin by Tlme. S S :
- The electrolytlc solutxon of a-dl trans-alleth-

:‘~rm, whlch had the composltlon as: shown™ in;
" lof- ]II, ‘was left at.254:0.2°C. for a certain
: penod ‘of ‘time.: The polarograms were then -

mclma-

'tlons of the diffusion current” (L_w) and wave:

helghts were StlldIEd. The. results are shown

* -in Table 5. The values shown in the I‘able '.’
"a}—e the: average ﬁgures taken by repea.tmg
“each process twrce. . “ :

f'I‘abIe 5 Wave Helghts, Half—WavePot-, s
“entials and Inclmatlons of . Diffusion "Cu-. ;

" . rrent of 16 >< 104 M ¢~dl-trans-A11ethrm

of ‘Which- The: Electrolytic’ Solution Is

__~‘.._Left ‘at 25 £ 0.2° C. for a Certam Perwd o
',_»ofT1me. IR S

e - Time

30 min. | 6 hfs. .| 12 hrs.

>'W'ave helght 0 R R I

“cm. © 9.06 9.10 0,04

v |ca-lor | ca-1.27 | cacrot, -
3’7.01 AN EY

IR

- 4_a¢° . ..

ent. '

' 7 Polarograms of Geometrlcal Isomers of

Allethrm. 3', R

The polarograms wvere hken of - dl c1s.

s‘\ S

' trans allethrm,p dl-—cls-allethrm, and dl trans- o

: /allethnn by the. method and under the -condit=

~ions’ descnl‘ed in 1-of I The ,results are .

R shown in. I«xg. 7 and Table. 0. ol
',_'8 Influence of ‘Ethyl-3-0x¢- -6- heptenonate,

Pyruvaldehyde, and dl-cis, trans- Chrysa.n- '

' ’;,themum monocarboxyhc.Acxd on ‘Reduct-

© jon’ ‘Wave of a-dl-trans-Allethrin.
Flectrolytlc solutlons were prepared, each

.one - of | whlch contamed a-dl- trans-allethrm :

o f_and\eltherl one 'of “ethyl-3-oxo-G-heptenonate, ~ . -

pvmvaldehvde . ‘
' tlxeinulﬂ~m9nocar1joxy1ic cacid.

- and dl-cis, trans-chrysan-
in" the same -



e

' Mo
“Table 6: W"lve‘ Heights of dl-cis, trans=,

dl-cis-,and dl- trans-Allethrm '1t Different = -

Concentrations.
- COnS::ntra'tion Wave height, found cm.’
107 M ?]};g;i’ dl-cis~ |dl-trans-

.2 . L2 | ‘Le3 1.€6
4 |21 |2l 2.14
8¢ |46l | 4.3) | 453
12 - 6.53 | 6.75| 6.56
1600 |008:89. 876 | 9.00

:1 mm. wave height = A,

3. 09><10‘s :
"‘Temp. : 25 :!: 0.2°C.. ’ :

molar, The quantxtatlve analyses of a-d1- tr:ms- :
allethrin in these solutlons gave the results as,

shown in Table 7_ -The values shown in the

. Table are the average figures taken by ‘Tepeas'.

’ tmg each process twice, These’eXperlments

were performed by the method and under ‘the -

condmons described’ in 1 of III.-
9. Influence of. dl—Allethrolone on Peduct-
“ion Wa.ve of a-dl-trans-Allethrin.
As deséribed in 1.of IIT, -electrolytic solu—
tlons were  prepared; which contained: e-dl-

trans-allethrin  and - dl—allethrolone _and _the’

related compounds of -allethrin* 1n various

A

22 17 8 -
‘and. Tible 8.
' avenoe ﬁgures taken bv repeatmg each proce-"‘

" The values” sho'\‘vn";:a\re' “the
. 'ss twice. SRR B

10, Influence of dl-cls, trans-Chrysanthemum—
' monocwrboxylate of 3- Hydroxy -8-nonener

2,5-dione” an'l 3- Hydroxy-s-nonene-z 5- .

dione. . e
"As descrlbcd in 1 of III, eIectrolytlc solu—}. o
which contained a-dl- .

tmns werc ‘prepared,
trans-allethrm,

monocarboxylate of . 3- Ix}<lro‘<}—8—nonene-2 5- L

dxone and 3= hydroxy-S nonene:- 2,0 dmnc “in -

) varlous proportlons, 'md a-dl- tr'ms allethrm‘
- was analysed qu1nt1tat1ve1y. The results are
shown in Table 0. ~The walues shown are thc' ’
. average ﬁr;fures taken bv repeatmg cach proa'
cess twice, - » O
11, Results of Determmatlon of Auethrm in
Technical Allethrins and Analyl:lcal Val-
ues of e-dl-trans- allethrin added to the.‘
Technical ‘Allethrins. :
" Technical allethrins produced hy various"
makers both in Japnn and the U, S. A. have
*been analysed by the method stated in1of II1,
- and the pohrognms and the results’ are shown
in Fig. 15 and 16,and Table 10, rcqpectnely.
_In the polarograms of Sample No. 3~No. 8,

proportions, and a- d1~allethr1n was analysedﬂ, “where allethrin content cxccedcd 3922, the
quantltatuely. The: results are shown in F!g. 0, wave height could be mc1surcd casxly. When
/ : ) o - ._ .;
’ Table »7:'Determinati9ns of a-dl-trans-Allcthin in Synthctic Snmplcs. 1. v
. , No. 1 No. 2 No. 3’ .No. 4 N
M — T T - - - g N - " 7‘ R
a-dl-trans-All¢htrin . © 107 M L.60 1L.GO .. L6o. .| 1.60.

N 2 , 1001 o 1.60 DT AN
1% 3 10 M ERTTE EE RN
HIE. .‘ . L VI.IO“.ﬁM ¥ / x v‘,;-»v ’1.6')

- Half-wave potentlal of ] _Ai N R L
a-dl-trans- Allethrln, » o N Ce
found - n v. ca.-1.27. 1 ca.-1.27 | ca.-1.27 | ca.-1.27
Inclination of diffusion’ A N Ce LT
‘current, found . La® 1~ 37.0 35.5 40.0 4.8 e

- - : . . N - ‘ R : s . -
Wave. hught,found cm. 9 o 0.01 8.95 - | " ."9.00; 4
Conccntntlon of S -,: ) R S R
a-dl-trans-allethrin, 109 aam 2 |- LG 1.69 .59 |- 1.6 .
found ‘ . ’ Lo Lo . N
Error: /- % O 0B o0

IS & I‘fh}l 3—ox°-6—he'pienonte. A - s
.'1I: Pyruvaldehyde. - ) P . S
111 dl-cis, tr'tns—ChryS"tnthemum-monocabo\ryhc acxd. . ) - CE
- . AY . T~
11y

dl-cis, tmns-chrysanthemum—w S



L mammmsue L T
/ Table 8¢ Determmatlons of a-dl—trans-Allethrin in. Synthetlc Samples. 2 . »
'....._\\ 7.7 'Ne.’1 | No. 2| No..3 | No. 4 | No. 5 | No. i |"No. 7.~
., -dl trans—Allethrm 10“‘M -1.60 | L6} LGO" | -L60 | 0.80° 0.80 | 160 -
) “di- Allethro‘one' w0 Ml | 60| 080 |, 049 |- 0.80 . 0.80 - 0.80
BN SR TR (0. { IR oo s e o ) 0.80 0,80
B 5 I ((oF7{ ERUIEE LSSt IR RPN U NDRES N

B (| R T It N | 040

| Half-wave potential.“of. | = .t . S DU R i oo

m—dl—trans-allethnn, - [ca.-1.27 | ca.~1.27 | ca.~1.27 | ca.-1.27. ca.-1.27 ca.—1.27 ca.—1.27. .

.found - . ewver o T B P PR

- Inclination of diffusion * | “arg - | 7 | s | : . ‘
current, found = . f@° | 370 . 69.0. | .. 62.7 . ) 58.3 .58t6 ‘ 49 0 66t5 o

“Wave height, found cm. |. 9.0 | -8.32.| 846 |7 8.62 | . ',4_."28» , 4.28 LL8.T

Concentratxon of R B S T I _ . e

a@-dl-trans- allethrm, S Cie o e .
- found - . - 10 | 160 |- L8 |- L50-| 163|076 | * 0.7

LGS
Error_ SR R 2 .50 6.2 |44 | -5.0.| -5.0 | -5.0
xL It di- c1s, trans-Chrysanthemum-monocaboxylatc of 3—hvdroxy—8-nonene-2 5 dxone
) A-(crude matter) - LT e : o .

LR

11 3 HydrOXy-S-nonene -dxone(crude matter) ) o
III: Ethyl-3- oxo-heptenoate. . e s

. '.IV Pyruvaldehyde. e N
V. dl -cis, trans—Chrysanthemum-monocaboxyhc acxd ' -

The conccntrations of I and II are shown by assummg these as pure matter. '

" Table. 0 Detetmmatmns of a- dl trans—Allethrm in S)nthetxc Samples. 3. »

.No. 1 No. 2| No. 3. _No.:4 NQ"5 NB. ¢ | No. 7:‘an.'8 No, §

.-dl'-t CATethrin | o o | o | — »
e e o 1| 160 | 1.60- | 160 | 1.60 | 1.60 | 1.60 | 1.60 | 1.60 | .60
% - T0 M| | L6 0.80 | 0.80 | 0.407| 0.40, | - S

e . wmmlc o |00 Jeso | [ 040 | 1600 0.80 |. 040
Half—wave potentlal of | S RS TR "; S S R
@-dl-trans-allethrin, . - ca.-l. 27\ca.=1.27|ca.-1. 27jca. -1. 27|ca.~1. 27/ca. ~1. 72|ca.-1. 27|ca. - L. 27[ca. -1. 27
found - o ", T R . o N R L N
"Inclination of . dlﬁ‘uswn 0 B | ag0 E e s as : : | qa -
current, found” Lw 87,0 |.°50.5 | 48.0 ) 56.5 | 44.5 | 45.0 | .563.0 | 49.0 | :43.3

‘Wave héight, found cm.| 9.01| 9.84| 9.06| 9.08| 9.00] 9.16| 9.38| ‘884 8.8}

. ~Concentration of ae—"'». I B A . ; N RS
- dl-trans- allethrln,l‘ M 1.60 ."1_1.75, : 161 . L1621 1.60' CL63 L LgT | L.07 |. 1,57

~ found - - S : : SREI FES L e .
Frrm S e A0 406 | ¥ | 0 R LY | T 2L | Lo
' ’fl dl—c15, trans- Chr)santhemum—monocabo\tylate of - 3-hydroxy 8—nonene—2, 5-dione "
.(crude matter) s T . R -
R S Hydroxy-S nonene 2 5 dlone(crude matter) . . .
ST The concentratlons of I and Ir are Shown by assummg these as pure matter..
v the allethrm content was Iow as in Sample 5‘ was conducted by the method of C -2 in l of
No.l however, the measurmgbecame slightly. '(‘]II.'.‘ I . .
_ dxﬂic}xlt. In this ‘case,. ‘therefore, the- analysml_: “ The »;{naly_;isl_was cohducted after add_illg i
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Table 10: Dctcrmlnations of Allethrin in Technical Allethrms and Analytical V'\lues
" of @-dl-trans- Allcthrin ‘Added to Those. chhmcal Allethrms.

No. 6 No. 8

a-dl-trans-Allethrin . -

. —1 27 v.. -
3. The wave heiglits of each " geometrical -’
~-isomer of allethrin were proportlonal to the'.

- some quantity of pure e-dl-trans-allethrin to

~ the technical allethrms of No. L~No. 8, which
".'had been analysed as mentioned above,
. resu]ts are as in Table 10."

y CONCLUSION T )
1. When the isomers of” allethrm \vere reduc-
ed at droppmg mercury electrode in the elect-~

. rolytic _sp.utm’l»of ethyl . alcoh01 (6924, M/o-'

(CHs);NBr solution -(1025),

reductlon waves were obtalned
2.

fsomers of allethrin were identical, ‘and - the

" half-wave potentials of them were all abouyt
at 2540.2°C, in the solution.

concentratlons.
4.

: allethrm was reduced, the rcducnon waves

" of various dlﬂ'erent types were obtained.

6., As the temperature mcreased, the half-

" wave. potentlal of a-dl—trans—allethrm shifted .

to the negatn'e potentxal, and the wave’ hclght_

’

: 1ncreased proportionally.

"The

and Sorensén’s . -
" buffer solutiorn of pH 2.97 (4023), the typlcal. ‘

“The reductlon waves: of the. geometncal o
occured.

3 tlon to Prof <;zmklc}n

When at the different pII V'tlueq a~dl trans- ‘

t

.

/.

. ~| No. 1| No. 2 | No. 3| No. 4| No. § {No. 7
Technical allethrin mg. | 6.0° | 6,0 .| 6.0 6.0 6.0 6.0. | 4.8 | 4.2
_.g | a-dl-trans- allcthrm, - ‘ C : 3 o
'E added - -mg. | 1.22 . 1 o
% | Wave height, found cm. | 4.34 | 3.09 | 4.31 | 5.67-|-c.06 | 810 | 6.9 | 6.7
_; : fﬁgfﬁﬁ;j‘?‘f‘(’gn‘gf 1040 07711 0.540 | 0.769 | 1007 | L2367 L4390 | 1.242 1.202°
& | Allethrin,found (1) ‘mg. | L1l | L66 | 2.32:| 3.04 | 3.73 | 4.35 |~3.75 | 3.63
3. Allethrin, found. 2 119 |28, |39 51 62 - |7 |78 |8
& | (Allethrin, determmed ) ' L i P S
R (I)y each maker e %) (73) o (75) e (90)'~.. .
Technical allethrin - mg. | 6.00 | 6.0 6.0 6:0 6.0 6.0 | 4.8..| 4.2
a-d1- trans—allethrm, Lo ST o : L P I s
added (D) - - mg. | 0.60 | 0.60 | 0.0 | 0.60 | 0.60 | 0.60 .f O. 60 0.60
8 | Wave height, found cm, | 3.13. 1 4.16 5. 34 | 6.78 - 8. 01 9.19 8.11 | 7.8
& gl Concentration of ‘ o N N : Lo
53 al‘l’:f,f;‘l;f‘f:)?,‘;(;{ 107 M| 0.556 | 0.739 | 0. 948 | 1202 | 1423 1.632 | 1.440 1.3%4
o .&| Allethrin, found(lll) mg 1.68 | 2.23°| 286 | 3.63 | 4.30 | 4.93 | 4.35 | 4.21
> G| .@-dl-trans-Allethrin, . L ‘ . B
T | found (III-1;IV). © mg. | 0.67 | 0.57 |.0.54 | 0.50 | 0.67 | 0.58 | 0.60 | 0.68
T | pifs 1 o Y . '
‘Difference between : ;- . : ‘o
Error (V/II) % {-5.0 [-5.0[-10  |-L7 -5.0 |-3.3 |0 -3.3

6. The determination of allethrin by pol'lm- .

_ graphic method was deviced after the abave-

mentioned investigation and the study qg the

tic and tqchnical samples -were performed.
"This method gave the reliahle and satisfac-

o tory results ;. errors- which might creep ' in

were kept ‘within the eXperlmental errors with

most of the samples. ‘However, when unreacted

,allethrolqne existed in comparatively * large

qu:ihtity in thc.snmple, .some degrees of errors
. ~ \

PN .
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