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Both blotting apd print papers are removed from the soaking
oath and, togother, squeezed [l:&lween two dry pieces of blotting
paper which must overiap the soaked papers by 0.75 inch oz a)
sidea.  The pressure used should be approximately 350 pounds
per sguare inch. The wider border of the dry papers wiil take
up the excses solution squeezed out of the soaked papers.

Thu conted metal panel is then Inid on the anods plsten with
=he mesal of the pane in contact with the mets] of the snede and
the imbitition pupers placed emulsion side in contart with the
ares of which the desirad porosity study is to be made. The
soaked and sgueezed bloiting pnyer is inld eongruently on the
imbibition paper, The cethode platen is then placed over
the blotting paper.” This entire “sundwich® is centerad in the
press amd wedesigry pressure applied,  The current is switched
an 3§ soun as the pressure required is obtained.  After 20 secends
surrent s switched off and pressure hnmedistely released,

Thie inbibitian paper is placed in 8 develaping bath of 25
grams of potnssium ferranyanide and 2.5 grams of potgssium
‘erricyenide per 100 ml of distilled water.  Tho printsare left in

Infrared Spectroscopic Analysis of Five Isomerg
of 1,2,3.4,9,6-Hexachlorocyclohexane
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this hati for 0.5 hour, wushed in warm water notl the yellos
color of the ferrieyenide is removed, snd thea dried berweer
blot:ing papers or on fermtype tins.
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The mcthods of fnfrared spectroscopy have been ap-
plied to the annl')'sis of the insecticide hexachlaro~
eyclohexape. The spectra of Bve pure isoniers of
1,2,3,4,5,6-bevachiiorocyelohexone nnd of a mixture
of heptachiloronyclohexane impuritics have been
determined in the 2- to 23~micron range, A rela-

ECENT advences in the nse of the insectiside hexachloro-
crelohexane and the inauguration of its commercial produe-
tion furecast the widesprend use of this material v is, of eaurss,
iznporiant they both e insesticidal and the toxicologicut proper-
ties be thoroughly investipated i this hus been hampered by the
faol that the commersial insceticide, frequently desiznarel as
HCH {hexnchlorseyclohexane} or BUC (banzene heaachlovide),
iz oot a pure ecompound buk eonsists of a ware of eopainds,
the concanraiion and identity of whivh are not exsily detoritines).
Thuz, it iz hmporiant that 2.method ol assas ba-doveloped for use.
toth in the evitluntion of the inseeticide and jnahe formulstion of
specifications for its purchase and application,

Tie industrisl preparstion of this compound by the chioring-
tion of benzene w form 1,2,3,4,3, 5-hexnchloronyelnhexany resulos
in a mistare of stereoisomers (nipba, bew, gmrms, dehs, syd
2psilon} s well 2 small quantitiesof hepta- and octachlorobyelo-
bexune, Theselsomers differ odly it the orientation of the chlo-
tine atoms sbouf the evelohevase riug. Thiz eterecisonmrism
induces o difference I insneticids! effectiveness, the gemnia iso-
mer, whaiever s form, being the one expaciatly endowed swith
Diseetividal value, The toxicity of the isoipers toward Whrm:
bluinted animals sl varies, the gamma isomer being wepored
mote toxin-than DDT (81, In teany ceses—Ior exnmphs, where
only the fnseaddsidal effectiveness is cuncerned—it jnay bo suff-
aien 1o know ouly the punnis isovier content of the produet bur
fre ethar coves, specially in the complete evalaation of the toxi-
cologieal properiles, it is imponanr o know the romplate com-
posizion, :

Tt was the purpose of the present investigution o apply the
methods of inframd spacirazeopy 1o the anslyss of the insecticlde
bexachlorouyelohexare, Sineez impurities sueh 25 bepta- and
ocsachloroselohexanes exisi in only very small quantisies in the
ceommereial ingeaticide, and the manufacturers belinve that these
impurities can be reduced to & negligible quantity (7, only the
five sterenisomiers are cansidered in tho enalysis,  In addition to
the development and evaluation ni an znslytical method it was

tively simple infrared method for the guuwtitative
determination aof each of the five isomers has heen
developed, which is aatisfactory for the analysix of
nearly pure snmples and relatively free of interfer-
ence from the nsual type of jmpurities, The pos-
sthle structures of the isomers are discussed.

desired to obisin any infornudion relaiive Lo the struelure of the
jsuress and iis cfeel upon inseetividel or toxiculogieal properties.

PREVIOUS WORK

Stade (16) and Jernkins {$) have prepared comspreliensive re-
views of the Jitersture o4 haxachloroeyciohexane, and nr the
bielogien! and toxicolopiesl nspects of this compaund ons is ve
ferred to these reviews. Mthough the eompound wus first pre-
pared by Michs:l Faraday in was not until 1912 (hat
Van der Linden established the fact thst the produst was'a mix-
1ure of &t least four isomers (157, In 1943 the insecticidal vilue
the gamnm. somer, was disvavered by F. 3. D.
Thomas (183, For this seasnn concentrated efiorts to investl-
sate this eompound have heep recens and the resuits are vrobable
unpullished. A new isomer has been reported by Kaner, Du¥all,
und Alguist {93, bringing the number of known isomers to five,

Fromn Shude’s article it appears that up to 1945 the methods of
determining the compeaition of » crude preparation consisted of
Tractisnal solusion and reervsisifization of the ernde with appro-
priute solvents, A more secint article hy Ramsey and Patterson
(131 uri parsidon chromatography offers an alfernsie meens of
anslysis.  Kuuer ef ol mention ¢hat inirared spectrosenpic tech-
aiques were used- ta determine the five izoniers in hexachloro-
cyeiuhexare crudus. ‘The spectrn of Kaver of al, which exterd
{rom 2 19 15 mu, are in substantial egrecment with the presen!
work.

of one of thess

SPECTROSCOPIC EQUIFMENT

Al speetral measureiments were made with a research-
prisin spectrometer of hizh resalving power (103, Experiméntal
reeonls were mada oy recording, s a funetion of wave Jongih, the
enesy traosmittad by 2 blank snd that transmitted by the sample
a5 carresponding ink traces on the recorder chart., Sht widihs
were changed periodieally by mannal control

The wave-lenuth messurements of tha trunismission curves sre
aceurate to =001 micron or hetrer and the per cent transmittance
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Figure l, Spectra of Hexachlorocyclohexane lsomers and Heptachloroeyclohexane

messuréments are accurate 1o abulit =1 to 2% over the range 20
to 809 trensmittance. Quantitative sput measuremments were
made by satiing on & particular wave length instead of by sean-
ning through & band. By taking the average of several deflee-
tions-the.spot- measurements can be made nceurate 10 =0,
transmititance,

Samples studied in solution were placed in amalgam-sealed
absorption cellé consirucied and calibimied by the method of
Smith- and Miller (173, SBamples studizd in the solid state were
prepared by grinding with mortar snd pestle and mixing wih
petrolatum to form a puste which was placil betiveen porsssium
bromide plates wizh an sppropriate spacer. Tho blank for the
3ofid saraples was made in a similar manner using a potassium
bromide and peirolatum paste.

BASIS OF ANALYTICAL METHOD

Infrared spictroscopy can be used both for anslytical purpasss
and for investigation of molecular strueture.  The bunds in the
iulraved spectrum are prodiced by preferentinl shsorption of
various wave lengths of inirared energy, the energies absorbed
correspoteding 1o the energies of seriain moiecular vibrations,
Thus, each compound possesses 2 unique speetrum characterized
by its atomic composition and arrangement.  The speetrs of geo-
metrical fsomers, although they may have several bands which

colncide, will, in general, be sufRiently different at other wave
lengiths to be distingnisheble,

“The speetrs of the five known isomers of hexaebloroeyclohexane
are shown in Figure 1. Discontinuities are due to different con-
centrtions. Each isomer hus ai least one sbrorption band in 8
speciral regioin where the others are relatively transparent.
These diffurences in spectral shsorption constitute & basis for
spectroscopic identification of an isomer, sither 2lone or in 8 mix-
rure with other iszmers, The presance of the varjous isomers in
a mixiyure ean be recogrized by absorption maxima at the follow-
ing wave lengihs:

Isomer Wave Length. oy
Alpta 12,55
Bais 13.48
Dailza 13.23
Gsmma 11,51 end 14.53
Epiilvn 13.9¢

17 the region bevond 15 mu is everlooted, for rassons discussed
later, & considerstion of the intensities of the shsorptions shows
that the inagaitudes of ibe spectral differsnces at these wave
lengilis are greater than &t any other set of wave lengths which
might be chosen,

This basis for qualitative nnslysis of s mixwirs is sufficient for
quantitative anslysis if the intensicy of absorption 2t cich wave
{ength is measured under ¢ontrolied cenditlons,
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Figure2. Working Curves

In the absenee of meolecular interaction, the Jaw of Beer and
Lambert states that for a solution of an absorbicg materialina
tronusparent solvent E = log 73/f = Kcl, where £ = extinction,
lo = light transmitted'by s blank (pure solvent), / = light trans-
mitted by the solution, K = exiinetion coeflicient of absovbing

material,) ¢ = concentraiion in grams per liter, nnd ! = length of

solution path in centimeters, 1fthe absorhing maierial is a pure

compound it3 extinetion coefficient, K, Jor a given wave length

~an be determined by meéasuring the extinction for a 3olution of

2oncentraiion ¢.in a cell of Jength {. For a material contatning
several componerts, this equation may be writtens

E=Kol+ K Gl +Kal+ .o, ]

Rel=s E~ Kot~ Kol —~ ... (2)

where \he_gubsu;ig&s refer to components 1, 2,:8, ete.” Fhe K5
cun be deiérmined from me2surements on the pure companents
end if-the above equation for & mixture of n components is ap-
plied 1o a ssmple at n Wave lengths the n simultaneous equations
obteined determine. the concentratiops of the » components in
the mixture, These equations een be solved exacily by.any of
several methods—for example, by the use of special computing
machines, or by & graphiecal method of succassive approximztions
described below.

Io the epplication of this method to mixtures of.the five' isomers
of hexachlorocyclohexane Equatiéen 1 is applied as each of the
selected anslyticel wave lengths: At each weve length only one
vombongnt absorhs strongly and therefore all but ond'of the right-
band serms of equations will be sthall, By negledting these small
corréction terms it is possible io obtidn an approximate value of
the concentration of the main absorbing componénts from the ex-
tinctions of the ssmple measured at ihe vurious wave Jengths,
These zpproximats concentrations can then be used to ealeulate
the magniticle of the correction terms and thus to determine
more sccurate values of the concenirations,

To obtsin the experimatital measurements required in the ap-
plication of the method to hexachloroeyclobexane & solvent which
is transparent at euch of the anziydeal wave Jengths is required.
Carbon cisulfide appeared to be the only sutfisiently transparent
solvent angd an investigation of sokubilities has shown Lhnt satis-
factory concentrations of nll the isomers exeept betn ean be ob-
tained in this solvent {Table 1),

Bince the beta isomer s nearly insoluble, 1he use of -carbwn
disulfide effects a simplification in.ihe analysizs by Bmitieg the
pumber of varisble components to four.  Tha bets isomer, than,
may be determined by fotal insolubles {assuming ne forcign matter
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in the sumpled or by diferince, using the measured values of the
other four jsomers, A superior epproseh, however, is to deter-
mine tha beta isonwr direcily by a separute spectroscupic anajyais,
using o zeetone solution for measurement of the extinciion at
the bua wave length.

ANALYTICAL PROCEDURE

Calibration o the method is based upon absorption meesure-
ments 21 sohutions uf the pure izumers 81 the various analytieal
wave lengths. The sbsorption messurements (calculated =s
pur cent-trausmittance) sru converted to extinctions by Beer's
Juw and ploited against concentr2tion to give the sarking rurves
of Figure 2. The curves sppear to be linear xnd straight lines
huve been drawn.  The exact unslytical wave-length setsing of
the speetrograph is best determined by slowly scanning the band
and plotting the record obsained. This is an cipeelully neves-
sary proccdure 2t the 11.81 mu gamma band which s on the side
of i carbon disulfide (solvent) band. Sinee it can be shown that
the optimum ageuracy far o measuremans is obtsined for o sample
that transmits 87.5% of the light. s prosadure of anslvsis speel-
fving rcertain cell (hicknessrs and sample eoncentrations will
¥ir)d most securste resutis for only & certain small raage of sample
ecompesition.  Tho procedure presented bere Is devised for sam-
ples containtng approsimatels 70%% alpha, 5% beta, 155 gamme,
105 delia, and less than 5% cpsilon, This correzpumis closely
with the composition of the commercial products at the present
tme; for ssmples having apprecishly different composition the
resules will be somewhat less scrurete unless eell thicknesses and
sample concendrations g properly edjusied.  However, resson-
able aceuracy is obtained for transmittancs messuresents be-
twween 20 and 807, sn that even high gamma preparations such
as that reported by Gunther {3) could be snalyzed with only
zmall changss of che anslytical procedures.

Table I Solubility of Hexachlorocyelohexane in Carbon
Disulfide®

G.fes
Gamma 0.1895
Alphba 09,0500
Delta 0.0930
Betn 0.0007
Epsilon 0.0125

© Solubilities determined by w2izhing recidue upon evaporation of salvent
from Y co, of saturated solution nt réotm temperature (approximately 253° C.).

There are several additionsl considerations in the cholee of eoll
thickness, concentratinns, and slit widths, If the solvent ab-

‘gorption Is high, =s at 11.81 mu, 2 larger slit-and/or a thinner cell

is neceasary {0 obtain full-seate deflections, and if the sbsorption
band is very Strong, 48 in the 13.48 mu beta band,.the thinner
cell enables an apprecisble concentration range o be covered,
An unknown mixture should be sampled by some’sdequaty
procedure and about 0.3 gram weighed inta each of twa 10-ml
volumetric fasks and made up to volume with carbon disulfide
and scetone, respectively. The appropriste solution is used &t
the various analytical wave Jeogths under the same conditions
used to determipe the warking curves, The <ransmittance
messnrements are converted to extinctions and the npproximste
eoncentrations are then determined by the working curves,  The
approximate concentresions for slphs, delts, gomma, and ep~
sifon ()} oo high) now enable the extinctons sv each wave
Ingth to be corrected jor the absarpiion of the interferng com-
ponenis at that wave length.  These correctlons rre also deter~
mined graphically from the correction eurves and are ¢valuations
of the small negative terms of Equailon 2. The new values are
overeorrected, but 8 second evaluation using {he now values will
usually give resulis that are within the experimental ermor,  The
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bets ivomer is then determined in the seetvne solution and vore
rections are applied using the now known pereentuges of aiphs,
gamme, della, and epsilon,

EXPERIMENTAL RESULTS

The necessary ealibration curves, shosm in Figure 2, were eon-
structed from messurements on ssmples of the pure isomers.
Absence of impurity absorpton in she specira (Figure 1) snd
narrow melting point ranges, es determined be the usual cepillary
methad. indicated thut the sampes were of suitable purity Tor
this work:

Ivumer Melting Paint, 2 C,
Gemma 111.8-112.2
Delts 126.0-135.2
Alpha 1553-155.8
Epsilon 202-237 (eiblimed
Beta 199-210 (sublimed)

The ralibration curves were then vsed in the anaivsis of several
«¥uthetic solurions of pure fsomers (Table I}, For one solusion
detailed resalte which indiesic the

VOLUME 13 NO. 10

have substaniisly mope spsilon isomer {477

produe:s,

thap the other

DISCUSSION

Stnee this mothad, lie any method employing working curves,
is ompirical, its inherent erecrs are negligible, the ultimate ac-
curacy being limited chiely by the aceurasy of the calibration
duta fworking curves.  If the nnalyzes are performed under the
satne conditions used for the calibration, the Iatter need not be
sbsolurk but only experimentslly reproducible,  Thus, the se-
curacy of the methad is deterinined almost eatirely by the exper-
mentsl nprodueibility' realized in the laborstory.

If care is used in sampling, making standard solutions, handling
ssmple, ete., the most importam errors 8ffscting reproducibiiity
ere probably those in the pereentage transinit tance mepsurenxents.
However, for any given reprotheibility 2 high degree of accursey
may be nbtsined hy averaying » sulficlently iarge mumber of
measursments.  Henee it may be assumed that the calibradon
data (working curvesi ean be determineid as nacarately 8s desired

method of sugcessive spproximations
ara presented.  Sepnrzte solutions were
usad for the bete jsomer derermninations,
since this required a difforent solvent,
Most of the data fn Table II wore ob-

wined before the new epsilon Bsoner f,’:;'ﬁ,
was reported, but ¢ guaptity of this 14.33
isomer sufiiclen1 for meking ong, five- 13.22
componeni mixture wis later obinined
and the results are included as the las 12.38
analysis, e

Table I1I coptains the resuits of suv-
eral analyses of two eruds sanples from
:he.con\mercial produetion of the in- Wave Sube
secticide.  The presence of cpsilon fength  stance

14.52 Gomima

isomtr wes neglected in these analyses,
& = - 13,22 Dehe

and ennsaquently the results for o}l other 12,88 Liphs
isomers ure uncorrected for the epsilon 1180 Gamme
izomer content. 'This does not afext

whe uzefuiness of the dnmg giner the vor- iii %:;_‘f‘-‘
restions introduced by the small amous! 12038 iiphn
of epsilon in these vrude snmples arn of .51 Gamma
cegligible size in all bt the most ere

eurste snalviios! attempts. At a later Wavs
date the epsilon content of these ssm- L"“fh
ples was determined by a separste 33
analvsiz and found to be 2 and 1% m;g%
for producis 1 and 2, respeciively. It

has been doterpiined thet the pres- 14.53
unee of 26; of epsilon found fur prod- }225
uct 1 would vause errors of only 0.30, 1.0
0.02, and 0.089, respectively, in the

original experiméntally detérmined con.

centrations of alpha, bets, delts, 13.48
and gamme. These combined crrms }éfg
are weil within the cxporimental erro 18.46

of the saalysis,

The totaled percentages, including ’{éé‘g
epsilon, are 104,2 and 101,253 for prod- 1322
ucts 1 and 2, respeetively. The high 12.38
velues obtained for the total concentru- | sy

dons in theso analyses aro discussed

{Alphy, paiema, deits determinatia
~ 8.3% grams pe;s liter, slpba = 5.08 grane per iiter,

Table TI. Analysis of Known Solutions

7.18 grane prrliter, delza
S prame pef hten)

Krnown soneansratinns: gor
Tots s

Byperizesntaf
e Extinstinn Canoentration.
Subrinnce Transmitianes Tars) G./Llter
Gomns 21.50 0.9611 T a3
3, 7250 -
Dialta 38.82 2.10
CEy B2.00 -
Aipba §1.50 7.00
& N N
Garama A3.2% 7.00
C&; .

Correntions (Fisst Approximstian)

Corestizng

Exiine-
tion Alpka  Cpmms Dot Tatel
0_5621 0.023 Q.02 0041
6.3850 5.022 0.0075 0.8630 g_gggg (%
5 25 . i LA . 3703)
oS weis PP 200 oiME AleT0
ferond Apprmitnation
0. 5021 0 029 @,027 v 047
0.3530 0.020 0.0075 ‘. i NE
00541 .. 0.0925  0.00F o f0at
G. 2000 0.018 vees 0.0 0.37
Other Soluticns
Kunwn
Teoruer Cenzentration v
Gamms 6.07 3.80
Deite 7 304
Alpba 41 32,40
{CGamma} ¥ _i5 10
3 [T
Gamma 6.48 8.1
& ! V.
e 15, 48) 1B50)
1 15,62

Bet Jromer Daterminativns

Beta 4.4l
Beta 6.2}
Bela 8.7t
Bein V.8Y
Five-Cempanent I erivination
Camma

Epsilon

Delts

Ak

{Beta)

{Gamina

below after the inherent accursey of
the method itself hes heen considered.
The spedira of products 1 and 2, ss
well B3 o third produet, No. 3, are
presented in Figure 8. Although the
complete amelysis for the latter prod-
uet is mot included, Rt was found ia

Producey 1
Produst 2

Garams,
.53 mu

15,20 ~ 0.83 15.15 = 0.7G¢ iD
1234 13.08 3

Table 111,  Analysis of Crude Hexachlorocyclohexane Industrial Products

Alphs., Delta Beta,
12 lgga;u 13,22 mu 13 .45 184

9 = 2.5 533 « 039 0.5 = 0.8
3 6.70 BT

Camima,
11,81 mu

ety

& Averaze n! 10 determisaiions.
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The avcuracy of an aaalysis, den, will be lmited chiefy by the
reproducibility of the fransmittanee nicasurenments on the utkoown
sample wnd esn be cateulated fir any given reproductbility of
trapsmitlance messurament,

Assuming, Yor example, that the measurements gre made et
the oplimusn value of 87.555 transinission, an experimental un-
aertsinty of 0,5% transmittence corresponds to =0.0053 in op-
rieal density or fo =1.34% in the extinetjon determiration,
Neglecting, {for the moment, the absorption of nterfering com-
poenents, this uncertaingy in the optival density determination at
euch rnalytivel wave length losds to the {ollowing uncertainties
i Ahe consentrations of the variaus isambrs;

Uncertainng?

X ercentngs
. Coneentrotion, ot Total
Wave Leogth Isomer Grams/Liter Samplejd
14 & Gammu =), 074 =0.25
13 ¢} Gamma ={_151 =0, 30
12. 58 Alplia 0,553 =1,98
13 &2 Dzl 1,35 =0 45
13.98 Epsilon =0,134 =0,38
13.46 Beta =0, 120G =0.,40

3 Azalytical uncerlainiy resuliing Irom an exparimeotsl uncertaiaty of
0.5% in Iransmiliance messuramant.

¥ Totnl sarsple concentralicn = S0 gramis pes liter.

The figures in the right-hand colusun represent the anulyteal
precision which ean be obtained under the eonditions given,
Grester precision in trausnitiavee measurement rnd the use of
sverage values would lead o correspandingly less unceriainty in
the unalytical rezults,

It was pasiened in the previous perngraph that the correction
for the shzorptinn of interfering isomers 8] cuch analytics) wave
lengih could be determined presizely end that intoduction of
this correction, therefore, would not contribute to the uncertainty
of the analyaical results. The validity of this essumption may
be shown in the following manner. By computing (from Figure
2) the guantities of the various ivomars which have egual ab-
sorption at ench of the ansalytizal weve lengibs as given in Table
IV it is sezn that the absorption &t vech anselytics] wave length is
relatively insensitive (o the presence of other eomponents, and
therelore ecrors resulting from inaccurasies in the zorrectinng for
ioterfering abzorptions are negligible,

PRODUCT NO. 1

5/V\m\qps/d\ 1N
Ny

100

5 m Q/\\’\‘ | ‘,l f‘r l,ij/—\\;\ J[\
Af
1 W Y

8 9 10 n 12 13 4 15

e
J
=

*\/u‘

B 9 [¢] W 12 3 14 IS5
Fipure 3.

Spectra of Ilexachlorocyclnhexune
Commercial Crudes)
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11 is concluded, therefore, thay if the per cent trausmittance 3
measured 1o withiv =0.5, it is possible by a careful application
of the methud 1o obtein analytival results which are correct to
within =0.3% Ior the beta, gamma, delia, aud epsilon fsomers
and o within =26 for the alpha isomer, the values based on
totgl saraple. This theoretica! accuracy {or reproducibility)
agreas well with the experimensal seproducibitity obtained in
Table UL

Table IV, Parts of Interfering Isomer Equivalent 1o
One Part of Absorhing [somer
Microns Gammy Alphe Deltn Bpsilon Yats
1.8} ] 17 578 35
14.33 1 23 15 400
12,58 32 1 RS 3,7
13.22 35 2.4 1 123
13.95° 23 73 443 1
13,48 - 41 1 133 i

In ndditinn to these factors the wver-ali aceuracy {as distin-
guishetl trom procision or reproduecibility's of the analyses for the,
erude samples in Table 1L will gise by duteimined by the ae-
curaey of tha working eurves and by the possitile presenct of
iuterfering impurities, suck as hepta- snd octachlororyelohexnnes.
The high values of total concentration are very probably due to
errars in the workisg curves, simee It has been observed that in
general all analyzes mads in this investigadon are consiztently
high, and in the parteular cuze of the gamma determinatjon tha
values obirived in the “chork™ determinution at 1181 mu ore-
consistenily higher than those determined st 1433 mu. It fa
clear that these small calibration errors could be climinated in
vousing work snd should not be considered in evalusting the
method. The presence of isomeric hepra- and vetsehloroeyclo-
hexanc impurizies may canse errors in the wealts,  Howsver,
compurizon of the spaetre of the crudes (Figure 8; with the spec-
trn shown in Figure 1 subsianiistas the marufacturer's claim
they very little imputity i presont.  Henes, it is believed that
the results bave been unimpeired and thar fusure products will
lkewlse bave negligible corrections fram such sourcssnfvrmr. Io
addition, the ertar cansed by 1ogs of svivent in flling 1 he absarption
selis wiould vend o give high resuns.  This error eould be aveided
by using special absorpiion eell and procedures, 1o devising of
which would be fessible in routine applivations,

Tt has Lieen indicated that both 14,53 and 1151 mu sem 1o be
suitable for gamma isomer anelysis end siuce o two-band vheek
for the retive component would be eppropeiars, analyses nt both
bands heve been lnelided in the present seheme,  Nevel
the recommendation of the longer wave length must b strossed.
The set of working curves at 14.63 mu s jore sensirive 19 the
presence of gemma isomer and provides 1 more neaurate deter-
minstion. In addition, the 11.81 mu band has the disadvantage
of bring on the side of n strong carbon disulfide absorption bund,
making & difficult 1o Joeate or cheek the position of the center of
this bund, Greater aceurasy in the epsilon determiustion may
be had by using.an absorpion 26} of groater thivkness thin was
used i this investigalion,

1n the opalytieal swork desertbed Lere no correstion was made
for the small amount of beta isomer which will dissalee in the
carbon disulfide sohitions. Some finite interforence in the analy-
sis Jor 1he other isomess will exist, although under the son-
ditiens of the analysis this interference was ton small vo b meas-
ured. However, if the method ix to be applied to sumple
solution® chniuining =t lesst 2% of bota (the quantity reguired
10 saturate the sample solution), then eny interferanze, however
small, arising from the presonce of bota n the sample muy be
completely climinated by using in place of the “solven:” blnk
one which s sawurated with pure beta isomer,

In the application of the method to routine analysis it might be
desirable 1o measure direetly the trupsmitiance of the sample-
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filled cell relative 1o the filled ool insivad of n

t or potsssium Hbromide plate. Thiz canbe & v emploviag
cells of known sad approximately pgusl hisk L uhe
with solvent for batssaturaed sl and the othir with
sample solution. .

There are other combinatione of hatids thst conld be usad In
this analvsis bat those chosen appsyr o b2 ¢ st wvailable
from 2 to 15 mu. Beyond 13 wu where the vibrations bevams
more charscterigtic of the molscule as & whale one woald expeet
the bands jor diflerant jsomers to be more dsolsted.  Such wag
found o be the case. They =% strong and these i5 0o itter-
ference betweet isomers i beta s frst sfiminated by using earbon
disulfide solutions.  This is aecessary beenose beta has one band
at 19,65 mu which overlaps the nipba band at 19.84 mu isee
Figure 1. The equations they would be simplified to one term
and any fomer would be determinad without knowiug the cone
centration of the other isomers, enpurimoutslly or otherwisp,
However, sinre many Inbarstories are wot equipped 1o investigate
the region bovend 15 m, advauisge has not been taken of thesp
krest speciral dificrences.  Instesd, mnalyvsie kas been confined
to the region bolow 13 mu in order that the sualvticul methar]
might be used i svy infrared Wbaratory,

H sppaars possible with the m of chowa wave lengths 16 e
only one eolution in avetone W determine 21 fve lsamers, One
would then have to obtuin carcestion rurve: for sl isomers
{iucluding bots), for they sre all solutds in acetone,  This solvent
hss strong shearption st abowr 1433 and 12.75 mu but it red
fively transparent ap sdi the analitical wave leogths
& polar zolvent thers might bs some nonlinzeriic
curves caused &y moleculsar imessetion,  Huwever,
solvent for beia cetermination uo such intersetion wes notiexd,

Finally, since the snslviissl bands sre tively bmad, the
quality of the spectropaphie equipment 1 poaliyaiy
is well above the minimum requiremeat.  This instrument has o
resoltuton of approximately 0.7 em. = 21 10 mu when an wsti-
msted 3 or 4 om. ™ would be satisfuctory. The resolutions
clsimed for most comyeercisl instruments by their manufacturers
wre usually within this muge.

STRUCTURE OF THE ISOMERS

The alieyelic compounds have not been 100 thoroughty inves-
tigated and their stereochemistry is not well undersiond,  Sachse
(26) in his theory of $trainless rings postulaied that a ring such
a3 cyclobexane would be able to tuke two configurations now
commonly désigneted the € or “heat” form and the Z or “chsir™
form.  Such azg idea {for ¢yeloheanne; is supported by the work
of Hassel {4} who investigated munocklorinated cyelohesane and
cam# to the conclusion that within ope of thesa lorms (the Z
form} the ehloring in & monockloro derivative was ahls in sssume
two positions In the mojecule, muking two forms that were inter.
convertible,  The (wo positiong of the ehlerine sre on vaknte
bonds parallel and perpendicniar tw the ssis of the moleouds,
ibere being six equivaient bousds nf zsch type in the 2 form
of cyclohexsne. Is an easlier anticle by Hastel ond Oinsr
{6} it is stated thet Yhe possibility of other less symmetrieal
form 3s oot excluded. Thes: ather less symmstrical forms
would b2 the C form and the planar form.  The vord “bisnas”
2 wsed bere io fty strivtest sepse—that iz, all the emrbon
stome =mre coutsised in woe plane, the thel
It ia apparest fram the litorature that
losssly ussd.  For example, Paradi {173 2
i 8 plsnsr moleculs.  Likew
inosital, iz discussed by R. 1. & 2. Adans (2) sz a

.planar ring.  The sonnotwisn of “planat’ meaning a moleouls
whose gtoms deterinive soveral planss which are parallel to one
plane simplities the discussion, but oversimpBfies when ons Iy
diseussing the number of likely isomers tn a derivagdive, Thus,
inusitel §2 stated to have eight possible fsomers and one woull)

assumse that §,2,8,4,5.6-hexschlordoyclohesane would have the
sarne oumber, However, i one builds Fischer models of
1,2,3,4,5,6-hexeckivracyelohexane in the 2 and C forms the
following faczs batolne eponreat,

ble

For the Z or Chair Form. 1. There sre sivizon 3
configarstions ¥ one sssumes only one ehalr form is pussible.

2. Of thase sixtoen, Hve ars relatively streinless and one of the
five i3 zhe mirror image of anather, R .

3. There are right different po ¢ confizurations sssuming
ail ehzlrs are ipterconvertible and srramed bonds such as in the
“taven strained configurations of siatement 2 are steble,

For the C or Beat Formy, 1. Tihes) nre cight prsible issmers
if the iwo chisrines on the bow and stoen of the boat sre di-
rozted to the ouiside of the bmat (it i oo strained in the other
position),

2, Of thesv eight oely two are relntively sirainieas and thoy
ure miTror images.

o

o

Patterson and White {42 <iscuss the Z innm in wmuch the
same manner. 1f the logieal assumption &5 made that those
forms which are strainless are the ones which will prabably form
in the preparation of an fsomerie mixture, It i3 evidant that there
sheuld be seven isomas of 1,%,34,5,6-hexacklersayaliheswne, of
which two pairs are niirror images fsow Figuee 43, This lesves
five fsomues shose inirsred spoeren would be unique (e mirror
irmages being spectraseopieally idamieal;,

It should be redativaly casy to identify the optieally sctive pairs
by theit sctivity but sone of the Hure isomess investigated sp-
peared 1o be aftically astive A saturseed solution of the exde
inzeticide in 2 20-cire exll showed no activity, ahits would sem
to substsati=te the fact thed the aptisaliy zcive isomers,
pres2al, §re racemales,

Aczpal strustozal delorminsifng have been confned 1o the
bass isomer £, ). Xeray aualrsis essily charaeberizes 1L 4o be
in 1he cuble system. It therefore ke s esntrosymunettic strue-
sure snd has been sssigned e 1,3,3, configuratinn in the chsir
formu  The other structures must awalt further fnvestigation of
chelr w-ray diagrams «which iz baing auemptél ot e pressot
time,  Xerar data far the new speilon emer xre saitd to be fo-
elydad in the report of its separstion {9,

The externst arystal strostan: of these isomats may be informa-
tive on their insernal moleculir srrangement and may be hedplul
in distinguishing babwein jromerie erysials {Table V),
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Table V. Crystallographic Data

Approxi- .

. Tkte Rira- Ragge of
Lzener Type Sign k&S {ringence Inczees
Leta None 1,830
Alpha Blaxial < Medinm 1.50-1.82%
Gamnn Biaxis} + 1.60-1.635
Delex Biaxis! -+ 1.575-1 674
Emdmm Bizainl = 1.60-1.633

The beta
culie "L“iﬂr
by t‘ie fm i
1430, ‘.utﬂlty af the tompous
Tmisersion oils necessitaie] the us
soluiions swkich wore found to change ind
salversal stage was gos used, the or'zemazmu o
wes unkngwn,  The datn are therefor
sct of moasuremente, Hewever, the
Luown 1o helsug to the ortherhombi
elesses, The wery bigh bireis '._wur:» of Yh df:»h:-. Sames
low 2V anghe far alphu di;:iu;;u sk crysiels from tha rest.
To distuguish gommaa frem r~p~1bm “'au‘d FEGRIFE SRWE essct
isformiting on (i three refryctive ireless, slphs, be
gstami, Thise data were obialied i eonfunetion wita O, 3.
Tuwtde of the Crystal Séatinn 5t the Nava! Rosoarch Libaratary,
16 whem the autkar is indebied

The similenty of gamma wxd site goes furihar than erysied
struciune, Thelr infrared sbanrption speatrs e g 'u's}:ar
correspondences,  The doublet struetare of these two b ers at
the C—H vibrition frequencies of 2.34 and 8.50 mu s eontrastnd
with he sighed structure of the other three isomss. In the
rogion from F.5 1o 8,3 ru there s ¢ definite similasity of shspe
and ‘fntensity betwesn bands for gemma and delta, a8 wvell as
sloa. At lnrger wave lengths where the toml molecalar von-
figurndon is more inportant, the similuriiy disappen

Beta and epsilon isomors are elso speciraily similar in the
il regions {2 to 10 mul  The most striking
feature of zhsie Ivo speetra is 1heir dmplicity whea cu\npwr«.‘d
with those of the other jsomers, Simplicity or symmetry of
struciura is the usual causc for simplified absorption specirg and
tharelor one might look for & more or less symumetriesl molecule

ot was foundd o be lsomeiric, wbick sheeks the
x-ra) anal Ing i:-.d-:e.( of refeaction,
£ ‘c*er:::x.wd ta I“f-

& E"

m
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,.xo,:,
N
g
L
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&
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Les
]

‘for the cpsilon isomer. OF the remaining four eonfigutations

(13,5 = beta) the 1,2,3, chair forns and the 1,4 boat form are the
most synunetrics) (see Figure 4).  The former hes a plane of sym-
metrs 1nd 2 center of symmetry and the Iatter has two plenes of
symmetry,  Siney the wpston concentrution i 1he Jowvest in the
preparaton of the inssoticide, the siractuse of higher energy
coment would probably ‘be epsiton, This corresponds o the
4 boat Jorm (43, Validity of
=1uudu wvidenes nod it iz offered 85 a suggested siruclure e
sssutny whea metehing futurs data with possible surievures,

Angther spreiral pwuleh- whicli must sisa be dealt whhin
general terms at e :‘m:.::vm' dirg] ,hm_, of tha
bats bunds at 7.8 and 8, 12 mu ik the alpha, dalls, and mmma
isnmars, The single © m band nt 7.60 mu splizs Inin two st
742 10 7.62 mu for alphis, 7,82 1o 7.67 mu for delis, and 748 ¢«

.82 mu fur gamme. Sanilardy h the hea b...gc s B2 m
the 7o bands for eliphs are a1 79245 I8 mu 2t 80315 8.22 mu
for deita, and at 8§05 1o-8.21 mu for gasmit. % vurding - Ras-
ated cyeluhexane fnfrared o iz

this husds §5 e range 700 to 1390 em =t (7. 5 2 14 mu) ave -j
to UH, riling aed m-misag wibrations wr C——(. stretehing vi-
bravions, Thi cppareat spitting of the bets bands sould be dus
to the 1wo Kinds of —CHCl— goups, deponding upon swhich bond
of ez2nh carvon <he chlorine had added.  The two 1ypwes of bonds
would encrospomd to hiuse muntioned by Hassl in his mono-
shlors dedvatives.  The chlariue s Strictisre a2
attaeied by obly one of sk t3pes of bonds (perpandingiar w e

mwusfen {14y, wha inves

3 designacion tests o rather”

785

eled, might explain the donble C—
vibiratians mentivned praviously but the siaglet C—H vibration for
the ulphs izomer sontradicis tho hypothesis.  Further work slong

s will be repuried ata iater date,

SUMMARY AND CONCLUSIONS

e 1,2,3.4,5,6~

ki "‘rm.} clom
Sasieron

rauss

The speetva of

hesachlumey
hixn

- imspuritics bnve been Getermined in the 2

The differences in the specrsel absorption of the

ife

u‘fv‘ en h' grest p-‘rnm the gualitstive xud quantizative

wrion of 2ach
ol J:& In'r Bomers in b uped ond &
recommandsl procedure 5 d.,- bed n d&'.a... The mazthod is
rulstively shnple for o Ave-sompoannt soalvsis srd could be
applied either 1 can( ol or 1o research determinetions It has
been sucwssiuﬂ;« apgitfed o the anals f = synthatie aix-
pure Bomesn comurzreis]
For 2l b.u one of the somers the
rocision of :‘e aethod is numedivally equl 1o the precision
u:' qu p»r cant teansmitianee measnremants, sud t!u_ gever-sil
r o7 the methed is Hmited only by its precist
aucdusded thal the mathod &5 entirely sanisfzetary for the

+f peacly pure ssmples of the insecticide =nd s relstively
:':«r'z)n.:m: fromi the umsal Lype of impuritiza encauntered,
Ttis excimated that =0,5% sveuracy in rusiyvtics] resulis eag nnd-
Hy be ok in most ifrared isboratories by & careful spe
icution of the maethod,

e prssible strastams of the isomers are idiscassed; seven are
relntively strxinless forms and of thesa two pairs sre optiesl
womers.  Proliminary eeystaliographie data for the Ave ksown
fxemers are piven which distinguish all but 1wo by eptical proper-
tios.  The aeeepied cubio elassification fer tha structum of the

bty fsomer is checked by s-ray and erystsllographic dats,

ACKNOWLEDGMENT
T suthor gratefully scknowledges the advice and guidsuce
of D. (. Smith, head of the Specirozcopy Seation st this lshora-
tory,  He also wizhas to express his appreciation to the Hooker
Eloctrocheinient Cempany for the samples of aiphs, beta, gamma,
and delin isomers; 1o Dow Chemienl Company for the epsilon
{somor; and w0 the Burese of Entomology and Plant Quarantine

the mixtute of heprachioroeselohoxanes.

LITERATURE CITED

{4) Diekinsou, R, G., sod Bilicke, C., J. Am. Chem, See.. 50, 784
{192R3.

{(2) Gilmdn, T,. “Organis Chemis_v\' " Vo, I, 2nd ed., p. 337,
New York Jobn Wiley & Sons, 1944,

{3) Guather, F. ., Chamistry & Industry, 1946, 309

4y Hassed, O, Tids, Kiont Brgressn-Vet., 3,32 (19§3§,

(% Hnasel, Q.. and Qotar, B,, Chem.-Zentr., 1932, 11, 2353,

[ !'eurlrxf'r.s‘ 8. B, anid Bilicke, C., J. Am., Ghem. Soc., 48, 3007

=ker ochenicnl Co., privaie eommyeication,

C‘m"nlr"il Warlare Service, Medical Disision

‘{c]m"
i4; Kauear, ., L and Alquist, F. W_, Abstract: sl
pnp.;‘, t1dh \Icmhg, A, Curx. Soe.p. 537; fsp. Exo.

Caeu., 38, 3 (\{l-}'ﬁ.
2110; Niclsen, J. .. Qrawlord. F. WL, and Smith, D, C., J. Ogliced
Sae. A, to be published.

{11 Paeadl, M., Canp!vre',m 215, 13 (1042;.

112) Pattorzun, ;\4 L., snd White, T. N,, Z. Krist., 78, 78 (1931,

(338 Rameay, L. Lo nnd Patzerszen, W, 1. J. Arsor. Oficial dar.
Chem., 29, 387 {104g),

{143 s, B .'~.. J. Chem. Phye,, 11, 249 (10943},

{157 Saulie, Bor,. 23, 1363 (1500,

115} Slade, K. E., themdstey & [viw‘r . 1845, 314,

{173 Seaith, D. C.. and Miilar. E.C., J. Optizal Soe. Am., 34, 130

{18423,

PLTEXP009281

WATER_PCB-SD0000054579



