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Table . Mast Spectrograph _Anuly_sll, Mele %

. ole o
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1. 14.0 0.5 0.3. 85.3 6.0 - 14.8 14.2
2° " 188 03 03 655 0.0 67 143
8 - 133 05 01 860 01 134 183
: 06 00 616 00 ‘790 - g1

D, Errsor or Hronoamy avp Cansoy Monoxms, Bamplea
of pure hydrogen snd carbon monoxlde and duphoa,te samples of a
mixture of 51% carbon monoxide and 49% ethylane were ana~
Jyzed with the mercurie sulfate solution in a pipet packed with
vertical tubes, leaving ‘the sample in the pipet 30 sevonds be-
tween passes:

Passcs Pure Hy Pure OO0 Mittare (4995 Cofl)
M1, M1 ML A,
0 100.0 100:0 100.0 '100.0
1 100.0 100.0 82.0 84.3
q - igo’p .« 1000 i 73.5
3. 100.0 - 100.0 3.9 68.6 -
4. 100.0 100.0 56,2 58.8
§ 100.0 160.0 52.3 53,8 .
8 100.0 100.0 51.1 51.1
3 . 100.0 100.0 .50.9 . 50,9
10 100.0 100.0 50.8 0.0

E. Cousmzrensr S.mpms Twentﬁ\;mne sam! les of
mentsl gases which varied in total olef conf.enf. rom 2 to OZ
wers analyzed both by the mass speotrograph (8) and by

1 -
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.. -sorption into the mercurio sulfate xeagent. Results by the two

methods’ differed by an. nverage of a. 7%. which is the order.of

uncertainty of the former method. Anal Kwa of four of these
samples, .which hap, to be iree of et lene but contained

lngher oieﬁns, are in ca.bed in Table .

Aumomsuausm .. .
The authors ars indebted to' W. A, Stover of thig laboratory

 for making these 20 analyses av&ilable to them.
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Co|orlmetrlc Determmatlon of DDT

‘ Cc!or Test for Rclated Compounds

- MILTON S. SCHECHTER, 5. B SOLOWAY ROBERT A. HA)’ES AND H L. HALLER :
Buru\l o Entomology ‘and Plant Quarantine, Agreoitural Ruulch Admlnh\raﬂon, u.s. Depultment of Asﬂcultuu, Beluvxlle, Md:’

-A coloﬂmah[c method has been’ devaleped fpr the estinntion of
small amounts of DDT down ta about 10 micrograms. - The method
Involves Intensive nitration end the production of colos by the

nitrated products in benzene plus methancllc sodlum, methylate..
This eolor reaction ean also be used 25 a test foy degradation products -

of DDT and some compounds related to it

HE extraord.i:;a,ry'devel'opmcnt of the insectiide commonly.
known as DDT (I, 7) has made /the need for & sensitive-

method of detsciion and determination rather wrgenk. A
mothod which conld detset small amounts of DDT would find
application in such fields of study as spray-residue determina-~
tions, waler aualyses, and pharmacological jnvestigations,
Much of the dnalytical work on DDT has depended on chlorine
determinations, Either the ‘Iabile™ chlorine split out on de-
bydrochlorination by saleoholic alkali ¢an be determined, as
recommeénded by Neal ¢t al, (81) and by Gunther (9),-or slse the
total chlorine can ba determined by some method such as the

Parr bomb, Cartus, or Umhoefer (£5), or by & mndzﬁoaﬂon of the

Winter method propcsmi by Hall et al. (2£).

. ‘Thelabile-chiorine msthad determines only 1 chlorine atom per
molecu.'le of DD, whereas tha total-chlorine methods determitie 5
ohlorine atoms per molecule, If DDT completely decomposes {0
dehydrochlorinated DDT, the former method would yield no
ohlorine while the Jatter group would determins 4 chlorine atoms

- per molecule. If a total-chlérine method is used as the sole

.method of deter@nnhon, no messure of deaompomzon of the
DDT can be obtiined, Both labile and totel organic chlorine

must be determined In order to prove ths presence of DDT or.

to deteot iis decaraposition. : All these chlorine dsierminations
.nun into dificulty when the amount of DDT 8 Jess than about 1

_ mg., atd they lack specificity. Furthermore, there iz no mat'nod

bn.sod on.chlorine determinations by which the amaunts of p,p’
DDT and o,p ""DDT present in mizteres ean be estimated,

The terms used in this p%pet 1o dw%nate DDT and relsted
compounds are a8 followa: ' The generio ter DT ongmnlb'
abbreviated from dmhlormhen;{lmeh\oroethane, ers to §
teobmca.l product, which ordinarily contains 70 to 77% of p,p <
T [1-ficklore'2,2-bis(p-chlorophenyDethane) and 15 10 259
of 0,p-DDT [1-tnch10ro—2- orop! orophenyl
sthane]. One of the minor constitvents is I-dmhloro-z 1 2-bis(p~

“chlorophenyljethane which has heen designated ss 2,2-DDD

{e8). Gunther (1!) has pointed out his error concérning the
term p,p-DDD” made ﬁ & previous article (10), g;wm-
pound ne been named -“1,1-dichloro-2,2-bie ch!oz‘ophenyl)-

* in the presest paper in mnformlty with the lptest

- C'hmca! Abstraets nomenclature. The chemical composition of

technieal DDT mdeacnbed by Gunther (10) and by Haller, Bart-
Jett, Droke, 'Newman, and others (18), DebydrocHlornsted
pp-DD’l’ {1, l-dxchloro-i’ ,2-his( ohlorophenyl)ethylene] s a
decom ition’ product and bls chlorophenyljacetio acid (8

& ﬁTw ich has been callcd 20" DA s a met&bolito of p.p-

A search was rade {0 8nd = suitable color reaction for DDT
whioh oould be made tha basis of & colorimetric analyhcal method.
S:;ne of the explomtory work done in this direction is outlined ~
below:

Testa for the 'tnchloromethyl group using pyridine and alkali,
resorelnol and allali, or S-naphthol and alkali, as desoribed by
Bnell and Snell (ES), wera all' negative. Boilin'g' othanolic silver
nitrate gave no precipitate of silver chloride. Nitration of DDT,
reduction, and diazotization, followed by coupling with & suitable
compound, give a color (orange with '@-naphthol), Although
this line of attack could probably be developed into a mothod for

* the-analvsin af VP 3 - ot pursued further becsuse it was

BLAINTIFE'S
- EXHBT
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. funnels while solutions ere being

. believed to be subject to interference from many aromatié com-

pounds which could also be nitrated, reduced, dissotized, and
coupled. Intensive nitration followed by reaction of an acetone
solution of the nitrated dérivative with alkali gives a red colof.
This test would also be subject’ to interference from many
aromatic compounds (3). Intensely nitrated  DDT gives a
positive violet-red test when heated with the chemicel-warfare

* .-teagent DB:3 (£8), which might be useful for field tests, Res-
~cently two new colorimstric methods for DDT have been de-
eoribed (4, £6). o -

The method described in this paper depends on intensive nitra. -
tion to polynitro derivatives and the production of intense adlors
upon addition of methanolic sodium metbylate to a benzene
solution of the nitration products (£2). p,p-DDT and p,p-
DDD pive blue eolors, and 0,p~DDT gives a violet-red color,
‘Degradation produects of DDT, such a8 dehydrochlorinated p,p’-
DDT and p,p*-DDA. (8, £7), yiéld red colors, With the use of
these reactions, a colorimetric analytical method was developed.
Although all the factors and possible varistions at each step.of the
analysis wero not completely investigated, if ia baliéved that the
following description will satisfy the Immediate need for a sensi-
tive method of analysis for DDT by cherists, entomologists, and
pharmacologists concerned with its wartime applications and
public-health aspects. - ’ ’ '

APPARATUS

Grass Beavs, 2 or 3 mm. .

. Tegr Tuses, 22 X 175 mm., with rims, to be used for nitrs-
tions, :

‘SpparaTony FynneLs, 125-ml. capacity. The glass stoppers
should be ground to fit very well. By attaching them. with
Nichrome wire, they cen be suspended loosely in the necks of the
drained. Stopeocks should be
gressed occasionally with a good grade of. sto&cock Iubricant;
vageline is too thin. After each new greasing the excess e

. should be removed by pouring ether or chloroform into the funnel -
_and rotating the stopcock as

the solvent drains. After each
snalysis the separatory fupnels should be rinsed spveral times.
with warm water before being nsed again. : ’

Grass Goocy-CruciaLe Howpers, Body about 25 mm. in

,diameter and -about 75 mmn. long, stem about 30 mm. long.

SOLYENTS AND REAGENTS'

NrreAriNe Acrp. A mixture of ¢,p. fuming nitrie acid (sp. gr.
1.46-1,50) and c.?. concentrated sulfuric acid {sp. gr. 1.84), I'ta 1-
by volume. e

Soprca Hyproxipe S8oLUTION, 2%. - : T

.Sopicm Crronmn SovvrioN, Distilled water saturated with
c.7. sodium chioride. Technical salt is unsatisfactory because of
dirt and colored impurities extractable by ether, .

ON. Extracted with ecetone in a Spxhlet extractor, dried
for several hours.at 105° to 110° C,, and stored in a tightly
stoppered bottle, . o C .

Erger, USP. grade distilled before use. Ether that has
been standingblong enough, to_accumulate peroxides and alde-
hydes, or has been recovered after use in this method is unsatis-
factory and should be purified before it is used again. -

Banzeng, o.p., dry. It is conveniently dried by distilling
through a straight condenser until no more water distills’over
with the benzene,_and then replacing the condenser with a dry one
and continuing the distillition. Benzene that has been used in
this method to dissolve the nitrated residues or to make dilutions
:!}ereof may be accumulated and recovered for reuse by distilla-

jon, . . :

Sopruas MeraYLATE SovuTIoN, 10.0 = 0.1% (concentrations
are expressed as weight per unit volume throughout this paper) of
sodium methylate in dry ¢.». methanol (10,0 grams per 100 ml. of
solution), = An excellent method (18) of dryiny the methanol is to
reflux with .magnesium. turnings (6 to 10 grams per liter of
methanol) and a small amount of jodine until the magnesinm hag
completely dissolved and then to distill with the exclusion of
moisture, The solution is prepared by diesolving the requisite .
amount ozd;erfectl -clean podium or 2 good grade of powdered
sodivm methylate (available commercially) in the dried methanol
with gooling, using a stirrer and a reflux condenser protected by a
soda-lime tube, An aliquot of a clear portion of this solution
should be diluted with water and titrated with standard hydro-
ohloria acid, phenolphthalein being used ss the indicator. The

- water and with a
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concantration of the solution should be adjusted to 100 = 0.1%
by the atggx;lti?n of sodium or sodium methylate or by dilition with
methanol, . . .

sodium methylate solution that is added to the benzene to
develop the color should be eolorless and optically elear. If the
sediment does- not seitie completely on standing, the solution
should ‘be filtered or centrifuged. Occasionally a turbidity or
precipitate of crystalline material (probably sodium carbonate)
will ?o'rm when ‘the centrifuged soditm methylate reagent is .
added to the benzene'solutions. lifficulty can be obviated -
largely by cooling the standardized solution in a refrigerator for a
day or two, cenizifuging while cold, and decanting into another
container, . .

AcETONE, tec}.'_nioaL Redistilled beforé using.

. PROCEDURE

" Pameamsmion or Sauprm 3om Awauves, Unless the total

sample bas very little DDT- (less than 100 micrograms), it
is advantageous to use a portion of the sample which containg
a reagonably large amount of DDT (0.5 mg. to several
milligraxs), It will then be possible to take an aliquot at
the end of the procedure for the -development of the color.
Bxtract of strip the DDT from the sample with a suitable
solvent and &vaporate. Using acetone, transfer the residue or an
aliquot thereof to a test tubs for the nitration. -In gome cases,
the aliquot may be taken. directly from the extract before its
evaporation. Care Taust be taken not to lose any of the sample
mechanieally during the evaporation of solvents prior to the.

nitration. The best procedure for evaporating organic solvenis
"is'to add a glass bead, immeras the test tube about one third of its

length in & steam bath, and shake gently until the glass bead
bounces gnd ebullition starts.  When the solvent, has been com-
pletely boiled out, remove the last traces by inserting a glass tube
attached to a sourcs of vacuum one third of the way into the test
tube for at least half a minute, while it is still being heated, Un--
less"the solvent ia completely removed, it may react violently
with the nitrating mixturs in the next step of the procedure. If

- benzene or an aromatic solvent has been used, add b ml of ethano}

.and evaporate to dryness in the same manner in‘order to remove
the aromatie solvent by azgotropie distillation.
Nirration-oF Samrrs,  Cool the test tube in a heaker of cold
pipét add 2.0 or 5.0 ml, of the nitrating acid.
Irmerse the test tube one third 10 one half its length in a steam .
bath and heat for 1 hour. Since nitrations of even small quanti~
ties of msterials may sometimes be violent, safety precauntions
should be observed. If there ja much extraneous material
it is advisable-to ﬁlace_the teat tube in jce-cold water, add cooled
nitrating acid, and warm' the tube cautiously to prevent a sudden.
or violent nitration, When the initial reaction subsided, the
tube may be heated at 100° with safety, After the I-hour nitra--
tion, cool the.tést tube in a beaker of cold water, add 25 ml. of jce-
cold distilled water, and mix by gentle swirling. This stops the
nitration, and the test tube xay ba left overnight if desired.
ExTRACTION OF NrrraTeED Propucr. Rinse the contents of
the test tube quantitatively through a small fuonel into a 125-ral,
sg;aa%%tgr_}l' fmmi :}1} with X,boq:lfs. ml, eg:lfag;b:rh fz‘azg & wash bottls
ab .m}; of ether, small, .irreg aped piece of glasy
lzced in the funnel used for the transfer wiup re\gmﬁ the glags . -
ad from falling iuto the separatory funnel, Ehake vigorously
for at least 1 minute. After the layers have separated eclearly,. -
draw off and discard the lower la{er. Wash the ether with 10-ml,
portions of 2%, aqueous sodium hydroxide until the washings are
alkaling; one washing may be sufficient. Then wash the ether
with_two 10-ml portions of salt solution, The final salt wash
should be drawn off &g completely as possible, Pack & 0.75-inch
pl_ug of cotton tightly in a glass Gooch-cérucible bolder, moisten it
with ether, and allow the ether solution from the separatory fun-
nel to filter slowly into 8 125-ml Erlenmeyer flaslkr, Rinse the
;separatory funne] with 50 ml of ether in zmr or five portions,

: paa:xt':ﬁ this ether through the cotton in the Gooch funnel, Ifgalt .
cry:

¢ izes in the neck of the separatory funnel, press the sto
of-the funnel in place frmiy yv?t,h a rotsting mgtion to pragle)ne{
leakege of ether, Add a gliss bead to the Erlenmeyer flask
warm the flask on a steam'bath with a gentlo swirling motion until

. the bead starts bouncing, and recover or evaporate the ether com-~

pletcly, While the flask is still heing heated, insert a'glass
connected 10 8 source of vasuum twg thirds of the wag ‘um:":%g
ﬁask for at lenst hulf a minute;. then remove-the flask and stopper
it. The analysis may be interrupted at this point if desired,

The whole extraction };‘)rocedure must be done earefully to
avoid any loss, such as ether nprrz,‘yed from the separatory funnel
when the stopeock is opened 10 release pressure or when the glass
stopper is removed.  This type of loss can bé minimized by aﬁow— .
ing time for the ether to drain away from the stopcoek or the
stopper before performing these operations, ° .

HARTOLDMONO0030326



06 . _INDUSTRIAL AND ENGINEERING CHEMISTRY

DevsrormenT OF Coror, At this af.a,?e there is a chojoe of
procedures, ‘depending on the amouut- of DDT expected, the
amount of solution necessary for use in meldng the photometrio
measurements, and whether it is desired to-have some selution
left, to repeat the Ihotometric messurementa. )

. Procedure 1. Add accurately measured amount of benzene—

for example, 5,00 ml,.—to the residue in the Erlenmeyer fask .

and swirl gently until it is dissolved. Use a volume of benzene at
leagt equal to one third the voluie ne for use in the ab-
sorption ecell or tubo of the photometer, With s pipet add 2
volumes. (10,00 ml for 5.00 ml. of the benzene solution) of the
sodium methylate reagent to 1 volume of benzene solution,
Switl %?ntiy until- the sqlution is homegeneous, pour into the

absorption cell or tube of the photometer, and prepare to make

the most important measurements 15 minutes after the sodium

methylate rezgent has been mixed with the benzene, This pro-

cedure should be used only when it is known that the amount of

. C 8 very low and in the range whers the colar developed will
be suitable for direct measurement in the photometer, If thereis

n poasibility that the color developed will be too dark for direct

measurement, it is preferab *

g]i?rfe lgtenzeqe and ‘sodium methylate to the colored solution o
u . T

Procedure 9. Add s measured amount of benzens—far ex-

ample; 25,00 rl.—to the Erlenm:ﬂer. ﬂaskz and swirl gently until .

the residue is dissolved. To an aliquot—tor example, 5.00 ml.—

add twive its volume of sodiwm methylate reagent, mix thoroughly

b tle swirling, and pour into the absorption cell or tube, In
e B e e i o

sarption eell or tube, If the color ia too deep, & photometric
measurement may be made to obtain a rough estimate. Dilute
part or all of the remaining henzene solution to & more suitable
volume before removing & new eliguot for development of the
color. _ If the color is too light for good: photometric measure-
ment, ¥inse the pipet used for the first transfer with benzena into
the Erlenmeyer , evaporate all the solvent on the steam bath,
swirling the flask gently t0 start the bead bouncing, and, when all
the benzene ia wagorated, Temove the Jast tzaces by inserting a
tube attached to & source of vaouum, This residue in the
lenmeyer flask should now be treated as in procedure 1.
. Proromeraic MeAsvREMENTS. Bpectrophotometrio or photos
mefrio measurements should be made st themost important wave
lengibs or with the most important filters 2s close 28 possibla to 16
minutes after the sodium methylate solution has besn mixed
with the b M vents at other wave lengtha or with
other filters can be made just before or after the most significant
readings have been taken. X .
-Absorption célls or tubes should be stoppered tightly, *Abaorp-
tion colls usually have glass covers or stoppers, but if test tubes
* are uged, ag in. many routine photometrio measurements, rubber
stoppers washed fres of sulfur ave preferabls to cork stoppers,
eontact with which will turn the solution yellow,. Since the
solutions on which optical measurements are made are sirongly
alkaling, absorption ¢alls constructed with alkali-resistant cement
ehould beused, The solutions should be left in the cells nolonger
than is neeessasy to make photometrio measurements, aftar which
the cells shoull
expeoted that the alkaline aplutions would attack and etch
cells, m!;o fsmeh diffoulty bas been experienced durlng several
- months of use, . -

In any application of the method it is important to run a blank

analysis on & sampls of the same type of material baing anelyszed

" which bas not been trested with DDT. The results, in terms of
DDT or oxtinotion values {(never in terms of per cent transmis.

sion), should be applied as corrections to the values obtained at-

each wave length or filter used in the analysis of the DDT-
treated samples.” If appropriate blanks are not run, the results
of the analysis may be high. Blank analyses should be made by

 diluting the blank runs in the seme mannet as the DDT-treated |

- samples, or else the corrections should be caloulated to the same

welght of untreated material Bs used in the analysis of the treated-

material. ) .
' "DISCUSSION OF THE METHQOD

. ParpanaTION oF Sampre. DDT decomposes with evolution |

of hydrogen chiloride when heafed ab a high temperatire, and it
may decompose at 100% or lower in the presence of tracss-of cer-
. tain catalysts, such as ferric chloride.or iron {6),. To minimize
the possibility of decomposition, solvents may be removed from
samplea at room temperature by means of a draft of air, Tests
should be mads to demonstrate that there is no decompgprition

le to use procedura 2 rather than add -

be dleaned imamedintely, ~Although it mighgthl;g :

EXT_INCT!ON

. Vel 17, No. 11

under the particular conditions of preparation of the sample and
nitration employed by the analyst, It is advisable to get rid of
a5 much exiraneous material as possible before analyzing ssi-
ples, In this connaction golvents which extraot less extraneous
nsterial than athers may be used. . s
Nrrzarion or Samrre. A number of nitrating mixtures ather
than the recommended 1 to 1 fuming nitrie acid-concentrated
gilfurio acid wers tried, such ns 1 to 1 red fuming nitrie acid- ..
concentrated sulfuric acid, 1 to 1 fuming nitrie aeid-25%, fuming

. sulfuric acid, 1 to 1 red fuming nitrie acid-25% fuming sulfurie

aeid, and 1 to 1 concentrated nitrio asid—concentrated sulfurio
acid,. The last mixture gave oolors $hat wers too Jight, and none
of them seemed to have any partioular advantage aver the recom-

- mended mixtura, . .

Although the nitration seems to be completed in Jess thar 1
hour, it was considered that in many applications of the method a
L.hour period of heating with the nitrating mixture would give
more complete destruction of extraneous material. . The nitrating
mixturé destroys to s large extent many plant extracts, oils, ete.,
by axidation and conversion to alkzeli-soluble products, which are

- removed whep thie-ether solution is washed with aqueous Bodium

hydroxide. However, some interfering substances are not de-
stroyed: completely, ’
The amount of nitrating acid used is not eritical. Where small-

- samples are used and the amovnt of extraneous material is not.

Jarge, 2 ml. can be smployed; wheralarger amounts of extraneous
material ave regularly encountered, 6 ml, are preferable, Since
the quantity of acid used will make a ®light difference in the
calibration curves on-known amounts, these ourves should be pre-
analysis of samples. - . "

The nitration of an organic compound rarely gives & 100%
Yyield of & single product. Usually a number of isomerie nitrated

. pared on the baals of whatever amount of acid is to be used for

- products are formed, and products of lower and higher nitration
are sometimes present. Ordinerily a certain amount of materinl

Q8T o S

T T

L L1 |
85 TTEE 53 5j 45
. FILTER NUMBERS
Figure 1. Filier Photometer Color Curyves:

- A, Pute totanitro-pp’-DDY , :

B, 01 meof poLODY caniad throggh ssthed -

C, 0.1 ms. of technical DLT.canled {hronsh methed N
- Do Pure tetrunitre~0,0’-DDT .

E, 0.1 ms. of 0,p"-DDT canled through method
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F:gure 9. - Effect of Concentratlon of Sodium

Me!hyhte on Iniensity, of Cefor

PDDT, No. 38 At €, ©,0DDT, No. 51 Al
% ?fsn?m’pn?. No. 58 flter B, o.pDDT, No, 58 flter

is oxidized to degradation produots, or even completely oxidized

When p,2’-DDT and 0,p'-DDT are carried through the method,
the main products are the tetranitro compounds described by
Schechter and Haller (22), asborne out by & comparison of photo-
metric measurements given in Figure 1, .. - . )

ExrrRACTION OF N1rBaTED PRopuct. Benzene would be ad-
vantageous for the extraction, in that the color could be developed

in the extract directly. However, for routine use ether is prefer-.
able because it gives more rapidly a clear separation of the .

‘layers. If the shaking.is vigorous and the layérs are permitted
to separate clearly, & single extraction with ether is as good as &
double extraction, within the precision of the method. To pre-
vent possible decomposition of the chromogenie compounds, con-
tact with the aqueous alkali should be no longer than necessary
for thorough extraction and separation of the layers, Shaking

the ether with saturated salt solution washes out the slkali snd’

also partmlly dries the ether. TFiltration through oven-dried eot~

ton prevents any salt droplets’ ftom coming through and further.

dries the ether.
DEVELOPMENT OF Comn Benzene is & better solvent-than
methanol for the nitrated residue and is miscible with 2 volumes

of the sodium methylate-methanol reagent. . The curves shown -

in-Figure 2 illustrate the efect of the concentration of sodium
methylate on tho intensity of the.color 88 measured with an
- Amineo type F filter photometer {see Results for's descnptmn of
the filters). p,p’-DDT, 0,p"-DDT, and technicel DDT were
carried through the prouedm'e, snd the color was developed on
aliguots of the final benzene solutions (0. 10 mg. per 5.00 ml. of
benzene) with the uso of different concentrations of methanolie
sodium methylate, The results indieate that, for p,pDDT and
technical DDT,. the most intense color was developed close to
10.0% of sodium methylate in methano) as measured -with the
‘No. &8 filter, and this concentration was a.dopted in the authors’
work.. The maximum intensity for the 6,2'-DDT was developed
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near 11% of sodium methylate, as-measured with the No. 58
filter and moar 18% as measured with the No. 61 filter, The
absorption curve of a henzene solution of tetranitro-o,p’-DDT
plus mothanolic sodium methylate. (5.0 grams of sodium per 100
ml. of solution) exhibits two absorption peaks (£2), one at 590 and
the otherat 511 millimicrons, It isinteresting to note from Fig-
ure 2 that each peak is affected in & different mannér by different
¢oncentrations of sodinmn methylate, Unless-there is a special
interest in determining ‘o,p"-DDT, or the relative amounts of
9,9’ and o,p’-DDT in mixtures, there is no advantage in using -
higher than the recommended 10.09 sodium methylate reagent,
since the sensitivity with rega.rd to e /-DDT .is thereby.de- -
creased.

The color may be due to the fo]lowmg type of reaction produca,
one of the structures of the resonance hybrid of the complex from
tetranitro.p,p —DDT bemg shown:

0 R, 0 O -
.\ / 91\6/01_ X /" .

CH:O 1 4 CH,
CHy CH,
R A
0 00
The reaction of polynitro compounds with sodium aleoholates .
has been investigated by Jackson and Earle (J6) and by Meisen-

) heimer (19).

PHOTOMETRIC MEASUREMENTS, Fxl't,er photometers are sub-
ject to & number of difficulties and sometimes give deviations from
Beer’s law because of broadness of the bands passed by their fil-
ters, stray light éffects, ete. Their limitations must therefore be

. kept in mind. The difficulfies and sources of error in filter

photometry- are adequately discussed by-States and Anderson
(94) and by Hamilton (14). Hogness ¢ ol. (15) and Brode (4)
give good discussions of absorption spéctrophotometry. In gene

. eral, better results can be obtained with a spectxophotometar '
i than with a filier photometer.

"The absorptxon peak: when p,p -DDT is carned through. the
method using 10% sodium methylate reagent is at 598 milli-
microns, and the two peaks given by 0,p-DD'T are at 590 and 506
millimicrons (unpublished date). To determine p,»-DDT or
technical. DDT, messurements should be made at the .wave
length orfilter that gives the maximum absorption for p,p’~-DDT
{ca. 596 millimicrons) obtained on the instrument used by the
analyst. Calibration curvesshould be mede with known amounts
of the type of material to be determined, whether it is p,p -DDT
or Some batch of technical DDT, .

-Bobechter and Haller (28) indicated that it would be fea.mble to
determine the relative amounts of p,p’ and 0,5’-DDT in mix-
tures of the two. Although technical DDT hasg as its major con-
stituents p,p’-DDT (about 70 to 77%) and o,p"-DDT (about 15

- t0 25%), it does contain small amounts of other ¢ompounds and

unidentified material [Haller et al; (18)]. The composition may -
vary with the method of mantifacture, and even frm one batch

.to the.next, While calculations of the amounts of p,p’- and 0,p”

DDT, assuming that these are the only two corpounds present,

.give- results of the ngbt order of magnituds, the offect of the-
. minor constituents, such as p,p’-DDD, should not be ignored,

These caleulations ean be made if analyties] calibration eurves
are prepared for kmown amounts of each of the two isomers at
two guitable wave lengths or filters (in the range of 595 to 600
millimicrons and in the range.of 500 to 510 millimicrons), Such
ocomputstions from photometric date on mixtures are adequately
discussed by Miller (20), Kuudsen et al. (17}, and others. It
should be empha.mzed that these caleulstions will hold only over
the regions of the calibration ourves which follow Beer's law, so
that a spectrophotometsr or a photometer having filters of narrow

_ wave length range should be used.
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. RESULTS
An Aminco type F photometer was usedthh
filters 85, 68, 58, 61, 46, and 42, having wave
léngths of maximum tmnsm,laa!on at 650, 580,
380, 514, 460, and 424 millimicrons, reepecf.ively,
" and-test tubes 2 -cm, in dinmeter, Al photo-

Q6

-]
P

* metric readings were made on 6.00 ml.-of the
-benzene solution plus 10,001al. of sodium methylate
reageni and were converted to extinetion values,
or log (7 on)' F‘xgures 1, 4 and §
ahow photometric measuremants made with the

EXTINCTION:

varjous filters in the photometer; they do not
repressnt epsotrophotometrio eurves. TFigure 1
shows the readings obtained when 0,10 mg. of
2,0-DDT, 0,p"-DDT, and technical DDT were
oarried through the met.hod snd the colors de-

)
il . )

. veloped according to procedure 1. For oompari-
. som, pure. fetranitro-p,p’-DDT and tetranitro-
0o,p"-DDT were dissolved it benzene, 5.00-m).
‘sliquots containing 0.5 mg. (equivalent t00.10mg,

" of p,p”-DDT and 0,p"-DDT, respectively) were

00 20

MICROGRAMS oF P, p- DDT

Flsuu 3. Anolyﬂul Calibration Curvct for p,p’-DDT,

A Wit

5. 538 Altar
8, Wih

oo 65 Ml -

For more accurate determination of the-percentage of p,p*
DDT in tachnieal DDT, the erystallization procedure of Cnstol
at al,-(6) probebly is more gultable. .

In applioations of the aolorimetric methiod it is advizable to pre-
‘pare calibration curves and also to make readings at a numbar of

wave lengtha or filters. There is usually lesa interference from .

" extrancous materials at the higher wave Jengths, since many inter-

ferences, such as those from p\ant. extraots, ex.inbxt an absorption.

ourve which showa gradually zncreasmg a.bsorptxon with da-
creasing wave leagth,

While & ealibration curve at a wave )ength of 840 millimmrons, »

- ‘or with a filtet at 650 millimicrons, will have a lowes sansitivity
for determining p,p"-DDT, the results read from such a curve will
have least interfevence from extraneous materials and praoctically
none from possible decomposition or degradation pruduota of
p.p"-DDT,

Fapine oF rAB Conors:. The use of impure solventa aad 1o
agents can give rise to serious difficuliies, Technical benzens
sometimes contains impurities which contaminate the distillate

with hydrogen sulfide, and this causes rapid fading of the de- .

veloped eolor. Contamination of the benzens or of the sodium
methylnte resgent with sulfir, such as that from rubber stoppers,
will incresse the rate of.fading. . Sulfur ean be removed from
_stoppers by boiling. them in strong sodium ‘bydrexide aolutxon,
washing, and drying.

The presence of water in the benzene used to dissolve f.he
nitrated residue, or of water or sodiura hydroxide in the sodium
mathylate solution, will also cause rapid fading. With good re-

- agents and solvents the authors have found the fading tobe 2 to_-

8%, in lerms of either p,p’-DDT or technical DDT, 1 hour after
.the first reading, Six per cent during the first hour ehould be re-

garded as the maximum permissible smount of fading, While -

methanolic sodium hydroxide will produce the blue eolor, the rate
of fading ia g0 fast that snt.lsfa.ctory photometrio measurements
oannot be made,

Tha oolors given by »p "-DDT, o,p L.DDT, end teohmea] DpT
develop fully in 2 to 3 minutes and then fade very slowly. The
red colors given by some of the posalble decomposition or degrada-
tion produsts of DDT require about 10 minutes to develop fully
and are relaﬁvely stable,

EXTINCTION

oc  moixed with 10,00 ml, of sodium methylate re-
. sagent, and the results plotted (dotted lines) i in the.
same figure,
- Figure3illustrates hbetype of analytical calibra~
tion" ourve ‘oblained with amall amounts of p,p’-
DDT (20, 50, and 100 micrograms) when 2.0 ml,
of nitrating arid wers used and fthe ¢olor was de-
veloped aocording to procedure L. .- At sach concentration the -
averaga devidtion with the No. 58 filier in s number of rims by
three workers was aboxt 2 micrograms and the mexiraum devis-
tion sbout 4 ticrograms, A, Beckman DU spectrophotometer
gave straight-line calibration curves for the same smounts, The
‘deviation from Beer's law when the No. 65 filter wes nsed is’due
to the absorption characteristics of this flter, This “stray light”"

08T S I NS B T

0.7

0.2 -
Q1 —
0.07 8 53 Bl
FILTER NUMBERS
Figure 4. Filter Photomater Color Curves
A, 03 mg, of dehydrochl s
B, 0,1 o °‘ y j i u'ﬁd"ﬁ'.if.’:aﬂ?' €. 0.9 my.of p.u'-DDA
B, 0F ma 44 -duhlmb.nxebydnt. E, " 0,6 mp, of o-dichlorobanzens
Fy 0,068 ma, ?pmc ,J-dlchl 0-3,3 5,5 ~atranitrobenzophanone
G, 0. ma. of 1,1-dickloro. ,x-bls(p-chlmaphnvl)-amn,ofpp oD
H. 0.1 mg. of f wp~chioroshenylimet
Esch eompmd wai cortled throup nﬂ)od excopl F
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effoct 38 doscribed by States apd Anderson (£4), When 10 mg. of

DDT were used, and the color was developed after proper dilution

into &, readsble photometric range aocording to proredure 2,8 -

caleulated result of 9.9 mg. was abtaired,

Figure 4.showa the resulta obtained by applying the color test”

to a number of compounds related to DDT, using procedure 2
pp'~DDD gives a blus eolor practically 1denucal to that of p,p'-
DDT but slightly less intense,

Some of the possible breakdown produots of p,p *.DDT—such
as dehydrochlorinated p,p~DDT,
{10), 4,4'-dicblorobenzobydrol, bm(p-chlorophenyl)methme &,
and p,p~DDA (8, #7)—give red colors with negligible absorption

. whan the No. 85 filterisused. Consequently thars could be little
or no interference from thess breskdown products on the analysis
for p,p’-DDT as read from its calibration curve at this filter. " In

&1 experiment with & mixture containing 0.050 mg, of p,’-DDT

and 0,025 mg. of dehydrochlorinated p,p'-DDT, the reeult when
road from the analytical ealibration ourve at the No. 85 fiter
indicated the presence of 0.050 mg. of p,p’-DDT with no inter-
ference from the dehydrochlorinated p,»’-DDT. Howevar, in
the case of technical DD, if there is considerable decamposition,
it would be difficult {o caloulate or interpret the results bacause

of the complexity of the system, at least four camponents (p,p’-

and 0,7'-DDT and their dehydrocklorinsted derivatives) bemg
esent.
er the results for DDT read from calibration curves at severa-l
filters agren after being corrected for the blenk analysis at each
filter, it i8 evident that the DDT has not decomposed to any
appreciable extent. The red colors are due to the formation of &
considerable amount of 454’-d1chloro3, ',5,5'-tetre.mtrobenzo~
phenone (probably accompanied by jsomers and other nitro

derivatives) during the nitration of these deg;mdn.tmn produts of -

DDT. The extinction values on the color given by synthetis
4,4'dichloro-8,3',5, 5'~wtramt.robenzophenonem benzene solution
plus sodium methylnte are also given (dotted Iine) in Figure 4
for comparison.

4-Chloro-3,5-dinitrabenzoie acid has been detected as another
product of the nitration of dehydrochlorinated 9,p-DDT, 4,4'-

dichlorobensophenone, and p,p’-DDA. In the anslysis of thess-

compounds the 2% alkali washes of the ether solutions were
acidified and extracted with ether, the ether was waghod with salt
solution and evaporated to dryness, and the residues were dis-
solved in benzene.. On addition of sodium methylate reagent &
violet-red color waa developed in eabh ease. The same golor was
developed when p-chlorobenzoxo acld was carried throngh the
method with the omission of the alkali wash. A comparison of
photometrio readings (Figure 5) obtained on these solutions with
readinga (dotted line) made on & sample of synthetio d-ahloro-
3,6-dinitrobenzoic acid in bhenzene plus sodium methylate reagent
indicated that each of the solutions contained this compound.

The fact that 2,p'-DDA ylelds 4,4%dichloro-3,3",5,5tetra~ -

~n1trobenzophenone and ‘4-chloro-3,5-dinitrobenzoic acid on in-

tensive nitration is rather remsrkable; sines it involves decar- -

'boxylutaon of the DDA in addition to nitration and oxidation

reactions, The dxchlorotetra.mtrobenzophenone formed is neutral
and remains in the ether.in the analytical method, while the. .

chlorodinitrobenzoie acid goes into the alkali wash, p,p'-DDA
has besn shown in pharmacological studies (27) to be & metabolite
of p,p"-DDT, and & method for its detection and estimation hes
copsiderable importance in these investigations. Use can’ be
meade of its acidic properties to separate DDA from DDT and any
neutral degradation produots priorto the application of this solori-
metrio test, It does not seem to be possible as present.to. differ-
ontiate some of the other brezkdown products of DDT, such 88
dehydrochloriunted 7,p-DDT and 4,4'-dichlorobenzophenone,
on the basis of this color test alons, In such caees supple-
" piental ohloriné determinations on the samples would be of value.

Bls(p—uhlorophenyl)sulfone s minor constituent of technical

DDT, snd p-dichlorobenzens were found to give no color when

4,4'dichlorobenzophenone -

EXTINCTION
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65 58 53 .51 TS 42
FILTER NUMBERS
Figue 5. Detecﬂon of 4-Chloro-3,5-dinitrabenzole Acid

g. Fln- nlluﬂ wnh In an:lym of O'.'fhmg; of ‘p’ﬁnﬁ. . .
anied ¢ “a-.ma,.nnn ot omltind.

" 0.0

Iowhn?;a l:ld canled thro:

B, o alha

C, 1
Dy ; ‘:nali.-{lmh tn anclysh of 0.5 mg. of 4,4” -gkhloro benzoph .;z;ono .

wash In anaiysis of 0.5 mg. ofd-hv&ochhrlnhdp

gatried through the aralytieal procedure. o-Dichlorobenzene
gave an orange golor (Figure 4), Care should be taken in inter-
preting results of this method when-aramatic halogen campounds
that might interfere are known to be present; however, theraare
notlikely to be any such materials in spray residues,

This method js belng applied to the analysls of spray residues, -
water samples, ete. ‘The chemistry involved in the nitration of
DDT andits breskdown products and the rezotions of thess axnd
rolated nitro derivatives together with pertment gpectrophoto-
metrie date are also being mvestxguted.
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