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Increasing use of bis-(p-chloropheny1)methylcar- 
binol (D3IC or Dimite) as a miticide has made i t  de- 
sirable to publish analytical procedures. The techni- 
cal material may contain 4,4'-dichlorobenzophe- 
none, the compound from which i t  is made, and 1,l- 
bis-(p-chlorophenyl) ethylene, the dehydration prod- 
uct of bis-(p-ch1orophenyl)n~ethylcarbinol. For 
estimating the composition of mixtures with either 
one of these impurities, melting point-composition 
data are given. For mixtures which also contain the 
2,4'-isomers, a quantitative dehydration to the 
ethylene derivatives and a quantitative oxidation to 
the dichlorobenzophenones allow- the 4,4' content to 
be found approximately. Ultraviolet absorption 
curves for the three 4,4' compounds are useful for the 
analysis of both binary and ternary mixtures. 

1 CREASISG use of bis-(p-chlorophenyl)methylcarbinol I" [l,l-bis- (pchloropheny1)ethanol ] (7,  16, 17),  (p-CICBH4),- 
C(OH)CH+ as a nliticide has made it desirable to  publish the 
analytical procedures available for it. (A 25% emulsifiable solu- 
tion is made by the Sherwin-Willianx Co. under the name of 
Dimite.) 

One synthetic route to  this compound is the Grignard reaction 
of 4,4'-dichlorobenzophenone and a methylmagnesium halide 
(1, 8, 18). The ketone may be made by several Friedel-Crafts 
syntheses, such as that of carbon tetrachloride and chlorobenzene 
or pchlorobenzotrichloride and chlorobenzene. These prepara- 
tions yield varying amounts of 2,4'- and 2,2'-dichlorobenxophe- 
none along with the desired 4,4' isomer. Methylation of these 
ketones yields the corresponding isomeric di-(chloropheny1)methyl 
carbinols. Dehydration to  an ethylene derivative, allows such 

(CIC,H4),C(OH)CH, + (CIC6H,),C=C"2 + HyO (1) 

compounds to  be present as impurities Thus a technical grade 
made from the ketone may coytain, in addition to bis-(p- 
chloropheny1)meth ylcarbinol : 

Isomeric di-( chloropheny1)methylcarbinols in which one or both 
chlorine atoms are in the ortho position. 

1,l-Bis-(p-chlorophenyl)eth lene (4,4'-DMC ethylene), and 
isomers in which one or both cXlorine atoms are in the ortho posi- 
tion. 

4,4'-Dichlorobenzophenone and its isomers, 2,4'- and 2,2'-di- 
chlorobenzophenone. 

MELTIXG POINT-COMPOSITION DATA 

The melting points of these various compounds are given in 
Table I. 

In  developing synthetic methods for bis-(p-chloropheny1)- 
methylcarbinol and the 4,4' ketone and in studying the behavior 
of bis-(pch1orophenyl)methylcarbinol under various conditions, 
the melting point-composition data for bis-(p-chloropheny1)- 
methylcarbinol-4,4' ketone (Table 11), for bis-(p-chloropheny1)- 
methylcarbinol-1,l-bis(p-chloropheny1)ethylene (Table 111), 
and the setting point-composition data for several mixtures 
(Table IV) were useful in analysis. Mixtures of the compounds 
were made with a mortar and pestle and the melting points were 
found in the usual apparatus with a calibrated thermometer and 
with particular attention for the first sign of melting. These 

Traces of bis-(p-ch1orophengI)methylcarbinol are 
measured by a colorimetric procedure based on 
nitration and reaction with sodium methylate, 
similar to the analysis of DDT; with 1.0-mg. samples 
the error is +2.097& In addition to these procedures, 
properties of bis-(p-chlorophenj1)methylcarbi- 
no1 reported include thermal stability, stability 
in the presence of acids and bases, volatility, 
and solubility and purification by crystallization. 
In the absence of acids and a t  room temperature 
his-(p-ch1orophenyl)methylcarbinol is stable. The 
methods of analysis and properties given are valu- 
able in the manufacture of bis-(p-chloropheny1)- 
methylcarbinol from 4,4'-dichlorobenzophenone, 
and in its formulation, storage, and use as a 
miticide. 

data. are applicable only to mixtures which contain no 2,4' or 2,2' 
isomers. 

Procedure for Setting Points. The setting point is taken in a 
25 X 150 mm. test tube fitted with a calibrated thermometer 
graduated in 0.1" intervals, and R stirrer (Nichrome wire loop). 
The thermometer is inserted into the melt to the 70-mm. calibra- 
tion line through a two-hole stopper with the stirrer fitted through 
the second hole. The tube containing the sample is heated in an 
oil bath until the mixture is completely melted and it is then 
placed through a stopper in a 200-ml. Dewar flask (55  X 110 mm.). 
The melt is allowed to  cool very slowly with stirring. Upon 
supercooling and subsequent crystallization the maximum tem- 
perature is read; the procedure is repeated as a check. 

-4s the molecular weights of the ketone and ethylene are 
approximately the same-251 and 249, respectively-their effect 
on the setting point of bis-(pchloropheny1)methylcarbinol is the 
same: a depression of 5.7" for 10% of ketone or ethylene. 

QUANTITATIVE DEHYDRATION 

The dehydration of bis-(p-chlorophen~1)methylcarbinol to the 
ethylene derivative (Equation 1) should occur readily because 
bis-(p-ch1orophenyl)methylcarbinol is a tertiary alcohol with 

Table I. Melting Points of Bis-(pchloropheny1)methyl- 
carbinol and Related Compounds 

Compound Structure M.P., 0 c. 
4,4 I-  D ,\I C 
2,4'-DZIC 
2,2'-Dl\IC 

(p-ClCaH4)d2(OH)CNa 69.0-69 5 (8)  
(p-ClCsH4) ( o - C ~ C ~ H ~ C ( O H ) C H I  p l "  
( ~ - C ~ C ~ H ~ ) ~ C ( O H ) C H I  

4,4'-D,\IC ethylene (p-C1CaH4)zC=CHz 85-86 (1,  8) 
2,4'-DMC ethylene (p-CiCsH4) (o-ClCsHdC=CHz Pilb 
2 ,2 ' -DNC ethylene (o-C1CaH4)zC=CHz 
4,4'-Dichlorobenzophe- 

2,4'-Dichlorobenzophe- 

2,2 '-Dichlorobenzophe- 

none (p -ClcsH~)?cO 115-146 (14) 

none (p-CICaHd (o-ClCsH4i CO 66-67 (16) 

none (o-CICsH4)zCO 45 4-46.1 (IO) 
a First prepared from, 2,4(-dichloroben~ophenone (m.p. 59-62' C.) and 

methylmagnesium bromide in 88% yleld by the same procedure w e d  for 
4,4'-DMC (8). I t  was a yellow VISCOUS 011 t h a t  could not be purified by  
crystallization or vacuum distillation: n$ 1.6042. Calcd. for CicHirClzO: 
C1 26.54. mol. wt.. 267.2. Found: CL24.85: mol. wt. ,  240. Foranalytical 
stddies 81 more nearly pure sample was made from 2,4'-ketone melting a t  
64-66" C. 

b Preparations and properties described in this article. 
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Accuracy. Typical results on a sample of bis-(p-chlorophcny1)- 
methylcarbinolof melting point 67.5-69.0'C. were 98.9and 99.3%. 
The end point of the titration is reproducible to  within 0.5 mg. of 
water, which leads to an error of 1 3 % .  With reasonable care in 
titrating and in excluding moisture during the whole procedure, 
the maximum error should not exceed 3=5%. Generally, the re- 
sults were considerably better than this. The presence of ketone 
in the sample did not interfere. 

If large samples are available, the water of dehydration can be 
readily determined volumetrically after codistillation with ben- 
zene (2) .  

Apparatus. Distilling trap (.4ce Glass i i O 5 ) ,  5 ml., calibrated 
in 0.1-ml. units. Flask, 500-ml., round-bottomed, 24/40 T joint. 
Reflux condenser, 24/40 T joint. Glas-Col heating mantle, 500 
ml. 

Reagents. A reagent grade of benzene is dried by distillation, 
using the distilling trap. Eastman Kodak p-toluenesulfonic acid 
monohydrate is used without purification. I t  is not necessary to 
use the anhydrous acid, as the specified amount of hydrate yiclds a 
negligible amount of water. 

A 45-gram sample of bis(p-chloropheny1)methyl- 
carbinol is weighed to the nearest 0.1 gram and transferred to the 
500-ml. round-bottomed flask. After 280 ml. of dry benzene are 
added, the flask is connected to the distilling trap and condenser. 
The solution is refluxed until a constant water-level reading is 
obtained (1.5 to 2.0 hours). The condenser is washed down with 
three 10-ml. portions of dry benzene and the refluxing is continued 
another 15 minutes. The water-level reading is recorded to the 
nearest 0.05 ml. and the amount of water is calculated by Equa- 
tion 4. The trap is then drained of benzene and water. 

Thesolutionis cooled to  at least 40' C., the Aaskis disconnected 
from the apparatus, and 0.2 to 0.3 gram of p-toluenesulfonic acid 
is added. The 
solution is again refluxed until a constant water volume is ob- 
tained, the condenser is washed down with dry benzene, and re- 
fluxing is rontinued for an additional 15 minutes. The water- 
level reading is recorded to  the nearest 0.05 ml. A total reflux 
time of 2 hours is usually sufficient. The DMC content i q  cal- 
culated by Equation 5 ,  

Calcium chloride drying tuhe for condenser. 

Procedure. 

The flask is quickly returned to  the apparatus. 

Calculations. 

Table 11. Melting Point-Composition Data for Bis- 
(p-chlorophenyl)methylcarbinol-4,4'-dichlorobenzo- 

phenone 
4,4'-D M C, 4,4' Ketone, M.P. (Corr,) ,  

Wt. % wt. % c. 
69 - 69 5 
62 5- 67 
58 - 65 
56 - 61 

100 
95 
90 
8 7 .  50 
85 
8 2 . 5  
80 
75 
70 
60  
5 0 
40 
30 
20 
10 
0 

finimum in diagram is 

0 
5 

10 
1 2 . 5  
15 
1 7 . 5  
20 
25 
30 
40 
50 
60 
70 
80 
90 

100 
I a t  82.5% U 

65 - 6 2 . 5  
52 - 62 
53 - 6 6 . 5  
64 - 92 
71.6-104.5 
84.5-117 
97.5-124 

108.5-131 
118.5-135 
128.6-140.5  
138 .5-143.5  
144 .0-145.0  

C-17.5% ketone. 

Table 111. Melting Point-Composition Data on Bis- 
(p-chlorophenyl)methylcarbinol-l,l-Bis-O,-chloro- 

pheny1)ethylene 
4,4'-DMC. 4,4'-Ethylene. M.P. (Corr.) ,  

Wt. % mt. % c. 
100 0 68 .5-69 .5  

90 10 6 2 . 0 - 6 5 . 5  
80 20 5 5 . 5 - 6 1 . 5  
7cP 30 5 4 . 5 - 5 6 . 0  
65 35 5 4 . 0 - 7 1 . 0  
60 40 54.5-77,O 
50 .50 56.5-78 .0  
40 60 59 0-79 .5  

0 100 84 .5-86 .0  
20 80 71 ,o-a3.5 

a Minimum in diagram is a t  70% DMC-30% ethylene, which melts over 
surprisingly narrow range of 64.5-:6.0° C. 

hydrogen on the alpha carl)on atom. If the reaction were 
quantitative, an estimation of the water formed would be a 
measure of the bis-(chlorophenyl)methylearbinol content of 
the sample. The Karl Fischer titration which has been so 
thoroughly developed by Mitchell and Smith (12, 13) was tried 
b t .  The preparation anti standardization of the reagent and 
the titration were done in the umal way (12, IS).  

Deh dration Procedure. The best dehydrating conditlons 
found ?or the Fischer titration involved the use of purified dioxane 
as a solvent and p-toluenesulfonic acid as the catalyst. Duplicate 
samples of DAIC (about 1.0 gram, weighed to  four places) are 
added to dry 250-ml. glaw-stoppered Erlenmeyer flasks, 25 nil. 
of the p-toluenesulfonic acid-dioxane solution (a 0.1 N solution 
of p-toluenesulfonic acid monohydrate in purified dioxane, 3) are 
added, and the mixture is heated under a reflux condenser for 4 
hours on a steam bath. The reflux condenser is protected by a 
calcium chloride tube. Ten milliliters of the purified dioxane 
are used to wash down the condenser and joint of each flask after 
heating. The condensers are dried before reflux by passing steam 
through the jackets. The glass joint is sealed with 2 to 3 drops 
of a light machine oil. Four blanks are run under identical condi- 
tions. Two blanks are cooled and titrated directly, while du- 
plicate 1.0-gram samples of DMC are weighed into the re- 
maining blanks and titrated a t  once, in order to estimate the water 
present in the sample. 

Calculation. 

0.6744 % D X C  = F 

where F = milligrams of water equivalent to 1 ml. of Fiecher 

VI = ml. required to titrate blank containing sample 
V z  = ml. required to  titrate dehydrated mixture 
V. = ml. required to titrate blank containing no sample 

WI = sample weight in blank 
Wz = sample weight 

reagent 

If the sample is anhydrous, the formula reduces to:  

F(Vz - V*) 
%i DMC = 0.6744 WZ (3) 

ml. of 1120 X 100 
wt. of sample % H20 = 

ml. of 1120 X 1483 -. 

w-t. of sample % Dh'C = 

(4) 

Table IV. Bis-(p-chlorophenyl)methylcarbinol-4,4'-di- 
chlorobenzophenonel,l-Bis-(p-chlorophenyl)ethylene 

Setting Points 
M.P. (Unoorr.), Setting Point 

Compound(s) c. (Cow.), ' C. 
4,4'-D M C  
4,4'-Dichlorobenzop~ienone 
l,l-Bis-(p-chlorophenyl)etb~Iene 
D M C  + 10% ketone 
D M C  + 10% ethylene 
D M C  + 5 7 ,  ketone + 5% 

ethylene 

6 8 . 8 -  69 .0a  
143 .5-145.5  
8 5 . 0 -  8 6 . 0  
6 0 . 5 -  6 6 . 0 b  
6 1 . 0 -  65.0h 

.is. 0- 6 7 .  Ob 

6 9 . 1  
146 .0  
8 7 . 7  
63 4 
6 3 . 4  

6 3 . 6  
a Melts at 67.5-69.0O after sett ing point determination, showing that  very 

b Taken after sett ing point determination. 
little decomposition had occurred. 

When (p-chlorophenyl)(o-chlorophenyl)methylcarbinol (Talile 
I, footnote) is analyzed by this procedure, the yield of water is 
99 to 100%. Bis-(o-chlorophenyl)methylcarbinol was not made, 
but it is probable that it too would be quantitatively dehydrated. 
Thus this procedure probably measures the total content of bis- 
(chlorophenyl)methylcarbinol isomers, and, because the 4,4' 
isomer is most active (Y), this analysis alone does not indicate 
accurately the miticidal value of the sample. For this reason 
the oxidation procedure was developed. 

The 1-(p-chloropheny1)-1- (o-chloropheny1)ethylene was isolated 
from this dehydration a~ a colorless oil boiling a t  142' to 155" 
a t  3 mm.; n$ 1.6130. Calculated for C~~HIOCIZ:  C1, 28.5%; 
found: C1, 26.2%. It is considerably less absorbent in the ultra- 
violet than the 4,4' isomer (Figure 1). 
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theorrticxl yield from 35 grama of his-(chloropheny1)methyl- 
carbinol is 32.8 grams of ketones. So te  the per cent yield 
(actual yield X 100/32.8) for use in calculations. 

Dissolve the crude ketones in 150 ml. of chloroform, dry with 
5 grams of anhydrous calcium chloride, and filter. Transfer t o  
an evaporating dish and bring to  dryness on a steam bath. Be- 
fore each setting point is taken (see procedure above) hold the  
melt, a t  175' C. in an  oil t ~ t h  for 5 minutes to expel d l  chloro- 
form. 

This procedure has worked well 011 I)is-(p-chloropheiiyl)methyl- 
car lhol  prepared from the ketoiie. Other synthetic routes may 
give :i product containing osidizuble iinpurities, so t,hat t,his oxi- 
dation \vould be incomplete. This ci11i lie checked by reoxidizing 
the crude ketone and compai~iiig the yield and sett,ing point n-ith 
the first ositlation. If these inipuiities gave final oxidation prod- 
ucts which were not 4,4' or 2,4' ketone, the composition hased on 
the setting point would be incorrevt. 

The per cent of 4,4' kctorie found hy this pro- 
cedure measures the total coiltent of bis-(p-chloi~opheiiyl)- 
methylcarhiriol, l , l -bis-(p-chloroph~~i~l)et l iylr~e~ anti 4,4' ke- 
tone in the s:tniple. The maximum I~is-(~-~~lilorophenyl)~iiet~h)-l- 
carhino1 coriteiit is equd to the siiinller of' ttir values found by 
quantitative dehydration antl ti>- t,his ositiution. The  miriimum 
bis-(p-clilorophe~iyl)~iiethylc.;irl~i~iol content is equal to the maxi- 
mum tiis-(p-chlorophenyl)niethylc.artiinol percent,ages minus the 
quantity [lo0 - the larger percentage of his-(p-chloropheny1)- 
methylcarbinol found hy quantit:ttive tieh!.draiion antl hy t,his 
oxidat ion]. 

Calculations. 

Table Y. Setting Point-Composition Data for 4,4'- and 
2,4'-Dichlorobenzophenones 

c/;  4 4' Ketone Setting Point O C. ( 5 )  Setting Point O C 
io 128 8 
80 136 0 
85 139 0 
90 141 7 
92 j 143 0 
9.5 143 1 

100 113 i 

128 4 
136 8 
139 2 
141.1 
142 8 
141 0 
146 0 

a Data  found by oxidizing carefully Diepared mixtures of 4.4'- and 2,4'- 
DAlC by procedure given belon-. Yields of mixed ketones were quantitative. 
Setting uoints of mixtures check closely with those of Forrest et al. (6) given 
i n  middie column. .authors' figiires were used in DXIC work. 

HYDROXYL DETERRIIN.ATIONS 

T\vo methods for direct anal! by measuring the hydrosyl 
content, of a sample ivere t,ried. The first, used the n.ell-kriown 
acetic anhydride-pyridine acetyhtion ( 6 ) ,  hut t~is-(p-c-hlorophen- 
yl)met~hylcarbinol was not acetylated under the conditions of 
this method, possitily because of th r  sterically hindered hydroxyl 
group and the ease of dehydration to  the ethylene. 

A iiunit)er of esperiment8s with the macro-Zerenitiiiotf tIetei,ini- 
nation of nctive hydroge~i (20) kvere run  with n~eth\~l~n:~gtiesium 
iodide in ti-butyl ether ailti various solvents for the sample. K i th  
n-butyl ether or benzene as the solvent t8he method gave only 
two thirds to three fourths of the theoretical hydrogen value. 
Some precipitation occurred in these experiments, xhich may 
account, for t,he low values if his-(pchloropheny1)methylcarbinol 
were removed in the form of an insoluble addition compound. 
With purified pyridine as the solvent (11) the results were erratic 
and usually high. 

. 

ANALYSIS BY OXIDATION TO DICHLOROBENZOPHENONES 

Oxidation of t~is-(p-chlorophcnyl)methylcarbinol and its 
ethylene derivative by chromic acid in acetic acid yields 4,4'-cli- 
chlorohenzophenone (8): 

(p-c'lC,H,),C(OH)Cl~-rl + 4 ( 0 )  + 
(,0-('1C'tiH4)?(?0 + 2II20 + c'O1 (6) 

(p-Clc'6r3,)2C=tx2 + 4(0) --+ 
(p-CICtiH,),C:O + €320 + cor (7 )  

Kheii this reaction is carried out in a large scale as described 
below, the yield of ketone is quantitative. The same procedure 
applied to  (p-chlorophrny1)i o-chlorophenyl)methylcart)irlol gives 
2,4'-dichlorobenzopheiione, melting point 63-66" C., in the theoreti- 
cal yie!d. Similar osidation of 1 ,l-bis-(p-chlorophe11yl)-2,2-dichlo- 
ioethvlene derived from D1)T has heen used to  establish the struc- 
ture of DDT (9) and to  analyze mixtures of isomeric DDT's (5) .  

Technical bis-(p-clilorophenyl)methylcarbinol contains mostly 
the 4,4' isomer, small amounts of t,he 2,4', and little or none of 
the  2,2'. Thus, oxidation gives a mixture of 4,4' and 2,4' ketones 
whose composition can Iir estimated from its setting point 
(Tahle V), This method does not differentiate hetween his-(p- 
chlorophenyl)niet,hylcarl,iiiol and its et,hylene derivative but 
with the tis-(p-chlorophenyl)nwthylcarl~inol content, obtained 
t)y quantitative dehydration, one can calculate the minimum and 
masimum concentratioiis of t~is-(p-chlorophenyl)~~iethylcarl~i~~ol 
in the s:miplr. 

Procedure. In a 500-ml. f flask fitted with a reflux condenser 
plare 35 grams of bis-(chloropheny1)methylcarbinol weighed 
t o  thr  nearrst 0.1 gram and 50 ml. of glacial acetic acid. Heat to 
boiling, remove the flame, and add a solution consisting of 50 
grams of chromic acid, 50 nil. of water, and 50 ml. of glacial 
acetic acid dropwise through the condensrr a t  a rate to maintain 
stclady reflux. Continue refluxing for 2 hours, then add 200 ml. of 
hot water slowly through the condenser while boiling to  provide 
mixing. Cool to room temperature. Suction filter and wash the 
cake twice with ammonium hydroxide solution (1 volume of con- 
c*rntrat,ed animonium hydroxide in 19 volumes of Jvater), then 
\vith water. The Dry in air or a t  60" C'. t o  constant weight. 

1201-----1 

z 
0 
L 

0 
z - e 
X 
W 

0 
li ,. 
U 
W a m 

'220 230 240 250 260 270 
WAVELENGTH (MU) 

Figure 1. Ultraviolet .Absorption Spectra 
A .  4,4'-DMC 
B .  1,l-Bis(p-chlorophen) 1)ethJlene 
C. 2,4'-DMC 
D .  2,4'-DMC ethylene 
E.  4,4'-Dichlorobenzophenone 

For esample, assume a sample analyzes 90% his-(chloro- 
pheny1)methylcarhinols by dehydration and 80% 4,4' isomers 
by osidation. The maximum bis-(p-chloropheny1)methylcar- 
hinol content, is 80% and t,he minimum is 80-(100-90) or 70%. 
If the ptirity was actually SO%, the remaining 20% must'he 10% 
of (o-chlorophenyl)(p-chloropheny1)methylcarbinol (to account 
for th r  90% dehydration value) and 10% of 2,4'-ethylene and 
ketone. If the purity was only 70%, t,he remaining Soy0 must 
consist of 20% (o-chlorophenyl)(p-chloropheny1)methylcarbinol 
(to give the 90% dehydration analysis) and 10% 4,4'-ethylene and 
ketone to give the 80% oxidation analysis. 

If the sample contained compounds other than 2,4'- and 4,4'- 
his-~~~~~~~~~~~~~~~~~~~~lcarbinols and the corresponding 
ethylenes and ketones, the per cent, yield of ketones obtained by 
osidation may be considerahly belon the theoretical yield and 
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even less than the per caent l~is-(chlorophenyl)methylcarl.,irloi 
isomers found by  dehytlration or less than the per cent 4,4' isomer 
found by  oxidation. In this cme the maximum per cent bis-(p- 
c:hlorophenyl)methylc:irliinol is equal t o  the per cent yield of ke- 
toile. The minimum per cent his-(p-ch1orophenyl)methylcarhinol 
is found as usual. 

The, possibility of an:iIyziiig the mixture of ketones by the dif- 
ference in ease of hydrol) oi'the ortho and para chlorine atoms 
x i s  tested. Khen 0.2S-glan1 samples of each ketone ~vei'e re- 
fluxed \\-ith 30 nil. of' 1.0 .Y alcoholic potassium hydroxide solu- 
tion for 4 hours : int i  the, chloride ion ivits determined in the til- 
trate, the 4,4' ketone g:tvr 1.3 to 2.0% of t,he theoretical yield of 
c*hlorinr and the 2,4' ketone g:ivr 5.4 to 5,8YG. Apparently the 
ortho chlorine atom is more rapidly hydrol,ned, but the difference 
dit1 not appear t o  he g i ~ ~ r t  enough to serve as an anal?-tir:il pro- 
(Ytlure. 
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diluted to  100 ml. The optical density (log Zo/Z) of this solution 
i s  nmtsured at the  wave lengths 240 nip and 260 mfi in 1-cni. 
quartz cells. 

% 1,l-his-(p-chlorophenyl) ethylene = 

From these values the % ethylene is calculated: 

(1.27)(logrqo Zo/Z - 0.108) - (2.98)(log!~ Io/Z - 0.029) 
~- (13) concentration, grams per liter 

.Inother sample weighing 0.1 to 0.15 gram i- weighed t o  the 
third place and transferred to  :L 125-nil. round-bottomed flask 
having an  air condenser attached through a ground-glass joint. 
The saniplc is dissolved in 10 nil. of Skellysolve I3 and 0.3 i d .  of 
purified thionyl chloridc. (.$) is :tdded. The thioriyl c:hloride 
efferts the dehydration. The flask is hc:ited for 1 hour in an oil 
l)at,h ninintairied at 90" to 100" Cy. r\i"tri, c~mling, the condenser 
and ground-glass joint : i i ~  wished tiou-n xith 10 nil. of Skelly- 
solve 13. The flask is then 1ie:ited on the ste:rln hath and when 
the contents are down to  i i w r  tli,yness 10 nil. of Skellysolve H are 
:dded, and t,he solution is again taken donm to near dryness. 
This step is repeated two niorc tiin finally the residue is 
heated on the hath for 10 niinutc~s. 

-1 rhloride and the Skel 
1 1)ecause side i~e:tctions 
:tted v i th  the i~esidur. The res 

in 30 t o  40 1111. of iso-octanc :tiid t,he solution and washings are 
ti,ansfcAriwl to it 100-nil. volunietiicn flask. After following the 
s:inie dilution procedure deacrihed for the first sample, the optical 
density is nimsurcd a t  260 nip. From this and the previous value 
:tt 260 niH the specific. extinctions hefore :tiid after dehydration 
;ire o1it:iiiied with the following equ:ttion: 

Sperific. r,stiriction = (14) 
log Io i f  

<eoncn., gr:tnis per l i ter)(lei~gt%~~f light path t l i~ iugh  cell, c.G, 

Then, with E and E' :LP t,he specific extinction hefore :ind after 
tlehytllntion, 

% 4,4 ' - r l l l (<  = 2.02 - I!'2ao) (15) 

%4,4'-ketone = 100 - (%4,4'-lI lIC + 
% 1 ,l-l~is-(p-chlorophenyl)ethylene) (16) 

Typical result,s from this ultraviolet absorption analysis are 
shoun in Table VI. Lip to  90% his-(p-chloropheny1)methylcar- 
hinol the accuracy is satisfactory hut :is the tot:il concentration of 
4,4'-ketone plus 1 ,l-tjis-(p-chlorti~~hrnyl) ethylene f:iIla helow 1 Oy,, 
the a c ~ u r a c y  decreases. 

U LTR.4VlOLET ABSORPTION SPECTRA 

T l i r  ultraviolet ahsorption wrves (Figure 1) for pui'e his-(p- 
chloro~,henyl)met~iy~~~:ir~i~iol  and pure 1,l-bis-(p-chlorophenyl) 
ctthylene in the range of 220 to 260 nip show a great difference :it 
240 nip. The ethylene h:is :in absorption niasimum a t  this point 
( i l i i e  t o  t,he ethylene tloul)le l)ond conjugated with the rings) 
ivliile l~is-(p-chloropheri~.I)methylc:~rl~inol does not. Synthetic. 
mixtures were prepared from the pur(: compounds and exnniirieti 
in the Heckniaii lloclrl IIU ultraviolet spect,rophot,ometer. The 
plot of pw rent bir-(p-c~hloro~~henyl)tiiethylcart~inol P S .  *pecbific 
extinvtion ;it, 240 is :I .sti,:iight line. The equation for this straight 
linr \v:w found and thus the per cent l)is-(p-chlorophenyl)nirthyI- 
c:irI)i11~11 in a sample (aonsistiiiy only of his-(p-chloropheny1)- 
niethylt~arhinol a n d  its c~t l i>~l(~t ic~ is c~:ilrul:ited from t,he value of 
the  oxtinrtion at 240 nip: 

.\ tletcrinination ciin Iw run  in 1 hour or less on 0.1-gram sam- 
1)Ie.q with a nissiniuni error of i2%. 

From the ahsorption curve of the 1)ut'e 4,4' ketone (Figure 1) 
: I I I ~  mist,ures with l~is-(p-chlo~~o~ilie~iyl)methylcarbino~, it WRS 

found that binary misturea c~)ultl Iic :in:ilyzed by measuring the 
spwific estinrtion :it 260 nip: 

(9) 

Tc 4,4'-1INC' = 100 - yo kPtone (10) 

I.'i,oni :i st.udy of synthrtic- niixturcp of ethylme and ketone, the 
follorving rquations n'ei'e derived, hy diicah measurements at 240 
anti 260 nip \vi11 :~llo\v thrw 1)in:iry mixtures to  he analyzed: 

Hoth wave lengths should lie chocketl, hut thc measurenient at 
260 nip gives a more :iccur:tte wntil: l)rrauFe of the gre:iter dif- 
frrmcae in :tl)sorption :it th:it point. 

The final st,ep in this tlevelopnient \vas the analysis of ternary 
niistures of the 4,4' isoniri~s of bis-(chlorophenyl)methylcar- 
hiiiol~ et,hylene-ketone. T o  avoid the inherent error of ohtaining 
t Iir his- (p-chlorophen yl)met hylcarhi content, hy  difference, 
the niethotl involve. H tlehyd~xtion 1 so that  the increase in 
thcx tathylene content nieiisurrs tlir, (p-chloropheny1)methyl- 
c:irl)inoI, The folloiving pi.ocdui.c wis (.:irefully checked ag:iinst 
kiioivn misturer;. 

Procedure. A 0.1- to 0.15-grain is wtighed to the third place 
in :i 100-ml. glass-stoppered volunictric flask. iifter diluting to 
t t i t ,  mark with spectroscopically pure iso-octane and dissolving, 
1.0 nil. of solution is removed n-ith :I graduated 1:O-nil. pipet :md 

Table \T. Ultraviolet Anal? sis of Ternar? 4Iixtures 
4; 4,4 ' -Dl IC 

I\Iix- --E!2-EEp .~~p___~._~_ 7' 4,4' Ketone Ethylene 
tiire Theoret. Found  Theoret. Found Theoret. Found 

1 80 7 U . 6  10 1 0 . 1  10 1 0 . 3  
9 . 3  

> 2 9  7 90 8 4 . 4  6 . 7  
8 9 .j 9 3 . 4  2 3 3 . 9  2 . 3  2 8  
2 70 70 8 20 19 9 1; 

The derivation of I*;qu:itioii 15 depends on t8he fact that  the 
dehydration with thionJ-l chloi,ide is not qusntitat,ive. Many 
dehydration esperiments under various conditions showed that 
the most reproducible degree of dehydration, as measured hy the 
increase in absorption at, 260 nip, \vas 88%. Thus, the quantity 
0.88 X 60, where 60is t,hc spe(*ifit: extinction of the pure I,l-his-(p- 
chloropheiiyl)ethylene, is usrtl. Also considered is the niolecular 
weight change of t)is-(p-chlorophrnyl)niethylcar~)inol -+ ethyl- 
ene, which gives the ratio of 1.088. Thus l<qu:it~ion 15 origiii~ited 
from: 

COLORIMETRIC ANALYSIS OF S l I A L L  QUASTITIES 

13y modifying the met.hod of determining I IDT (19) which in- 
volves nitration of the sample, reaction Jvith sodium niet,hylate, 
and :I colorimetric measurement of the product, a satisfactory 
procedure for bis-(p-chlorophenyl)niethylc:trt)inol in quantities 
of 0.12 to 3.3 nig. has heen developed. 
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After drawing off and discarding the lower layer, the ether solu- 
tion is shaken with 10 ml. of 2% sodium hydroxide solution. This 
operation is repeated until the lower aqueous layer is alkaline to  
litmus. The ether la er is then Tvashed with two 10-ml. portions 
of saturated sodium c&oride solution. After the second washing, 
the lower layer is drawn off as complet.ely as possible and the bore 
of the funnel is dried wit,h a rolled piece of filter paper. A small 
long-stemmed funnel is packed with a 0.5-inch plug of cot'ton. 
The cotton plug is moistened with ether and the ether solution in 
the se aratory funnel is slowly filtered through the cotton int,o a 
250-mY. Erlenmeyer flask. The separatory funnel is washed with 
50 ml. of ether in four portions, which are also filtered through 
the cotton lug and added to  t,he main solut,ion. The ether is re- 
moved by {eating on the steam bath and when evaporat,ion is 
complete, a glass tube attached to  the vacuum line is inserted in 
the flask as before. The residue is then dissolved in 25 ml. of dry  
benzene. Five milliliters of this solution are pipetted int,o a 125- 
ml. Erlenmeyer flask containing 10 nil. of clear 10 i O.lyo sodium 
methylate solution. Fifteen minutes after mixing the solutions, 
the optical density at' 530 nip, (log Zo/Z)53~, is measured wit8h a 
Beckman Model DU spectrophotometer, whose sensit.ivity knoii 
is set a t  three turns from the clockwise limit in order t,o ensure 
maximum accuracy. The blank solvent for comparison is prp- 
pared by mixing one volume of benzene with two volumes of 
sodium methylate solut,ion. 

Figure 2 shows the absorption spectra in the visible for the 
colored products derived from bis-(pchlorophenyl)methylcarf 
binol and 1,l-bis-(pchloropheny1)ethylene and (o-chloropheny1)- 
(p-chloropheny1)methylcarbinol. The analysis is based on the 
peaks a t  418 or 530 mp. The longer wave length is preferred be- 
cause the greater absorption allows better accuracy. It is seen 
that the ethylene reacts almost identically with bis-(p-cliloro- 
pheny1)methylcarbinol and is therefore estimated with it. Very 
probably the bis-(p-chloropheny1)methylcarbinol is immediately 
dehydrated to the ethylene on reaction with nitric acid and it is 
the ethylene which is nitrated. The (o-chlorophenyl)(p-chloro- 
pheny1)rnethylcarbinol product is much less absorbing. If the 
sample contained an appreciable amount of this isomer, the colori- 
metric analysis would give an erroneously low result for the total 
bis-(chlorophenyl)niethylcarbinols present. 
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Figure 2. Absorption Spectra of Products Derived 
by Reaction of Sodium Methylate with 
A.  Nitrated 4,4'-DMC 
B.  Nitrated 1.1-Bis(p-chloropheny1)ethylene 
C .  Nitrated 2,4'-DMC 

Reagents. The follo\i ing reagents were prepared as described 
earlier (19) : nitrating acid, 2% sodium hydroxide solution, 
sodium chloride solution, cotton, and 10% sodium methylate 
solution. If the sodium methylate is to  be used over an extended 
period of time, it is prohsblr better to  make up a second more 
concentrated solution and to  adjust the concentration of the first 
solution for each analysis by the addition of small amounts of the 
second solution as determined h\- the acidimetric titration (19). 
In  addition, reagent benzene is dried by refluxing with a distilling 
trap until no more water appears in the trap and is then distilled. 
Ether is freed of peroxides by shaking with small portions of a 
1 to  1 mixture of ferrous sulfate pentahvdrate and sodium bisul- 
fate until a brown color is no longer developed and then distilled. 

A benzene solution of the bis-(p-chloropheny1)- 
methylcarbinol sample is concentrated to a few milliliters on a 
steam bath and transferred quantitatively to a large test tube 
(20 X 175 mm.). A boiling chip is added and the test tube is 
heated by immersing it to one third of its length in a steam bath. 
When evaporation appears to be complete, 10 ml. of absolute 
alcohol are added and the contents are taken down to dryness. 
This step is repeated and then the last traces of va or are removed 
by inserting a glass tube attached to  the vacuum [ne one third of 
the m-ay into the test tube. The test tube is cooled in an ice 
bath and 2 to  5 ml. of the nitrating mixture are cautiously added. 
After any initial violent reaction has subsided, the test tube is 
transferred to  the steam bath and heated for 1 hour. Then 25 
ml. of ice-cold distilled water are added to  the test tube to  halt 
the nitration. The contents are then transferred t o  a 125-ml 
separatory funnel by means of a small funnel and 25 ml. of wash 
water and 50 ml. of ether in small portions. The funnel is 
tightly sto pered and shaken for 1 minute. Sufficient time must 
be allowecf for drainage before opening stopcocks or removing 
stoppers, so that ether solution is not lost by being sprayed from 
the funnel. 

Procedure. 

Table VII. Colorimetric Determination of Small Amounts 

DhIC Taken. DMC - Calcd from Readings, 11g. 
of Bis-(pchloropheny1)methylcarbinol . 

so. hlg. 418 mu 530 mp 

1 
2 
3 

0 . 1 2  
0 24 
0 4 i  
0 . 7 1  
1 . 0 1  
1 .23  
1 . 6 0  
2 . 5 2  
3 . 2 8  

0 . 0 8  
0 . 2 3  
0 . 4 6  
0 . 6 8  
1 . 1 2  
1 . 2 7  
1 62 
2 47 
3 . 2 2  

0.09 
0 . 2 3  
0 . 4 7  
0 . 7 0  
1 . 0 9  
1 . 2 6  
1 . 5 9  
2 . 4 8  
3 . 2 9  

Calculations. 

Keight of DhfC, mg. = (1.8O)(log 10/&0 (17) 
T f  the final concentration resulting from the above procedure 

is too low or too high for spectrophotometric measurements, the 
pipet used in removing the 5-ml. aliquot is rinsed with benzene 
into the remaining 20 ml. of benzene solution, Tvhich represents 
four fifths of the original sample. The benzene is removed by 
adding a boiling chip and heating on the steam bath. The 
residue is dissolved in a suitable volume of benzene, and aliquot 
is drawn and again mixed with tvice its volume of 10% sodium 
methylate reagent and the optical density is again measured at  
530 mp. The amount of bis-(p-ch1orophenyl)methylcarbinol is 
calculated with the following formula: 

Weight of DNC, mg. = (1.8O)(j/~)(V/2j)(logZ0/I)i30 (18) 

where V is the new volume of henzene solution from which an 
aliquot is taken. 

Table 7XII. Thermal Stability of Bis-(pchloropheny1)- 

(h1.p. 67-69' C. Results in % DMC) 
methylcarbinol 

Temperature Time. ______ 
Hours 450 c. 63' C. 850 c. 1050 c. ' 

2 . .  
4 , .  

24 . .  
42 .. 

Days 
2 
7 

12 
20 
27 
48 

104 
194 

, .  . .  
94 
93 
90 

97 
. .  

94 
94 
90 
71 
58 
. .  . .  

97 82 
93 77 
48 39 
24 30 

. .  

. .  

. .  

. .  . .  

. .  

. .  

Accuracy. The figures of Table VI1 show that the accuracy of 
the determination made a t  530 mp increased with increasing 
sample size-the error a t  0.1 mg. may be as high as 25% and a t  
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Table 1 8 .  Stabilit? of Bis-(p-chloropheny1)methF 1- 
carbinol in 3lixtures at Hooni Temperature . 

(L1.r. Gi-69' C. Results in % D N C )  
Sample 69 DaysY 194 Days" 

4,4'-DAIC 100 
4,4'-DMC + 0 5 7  Et iS  100 

4,4'-I)MC + 0.170 p-TolSOalI 100 
1'1 by  wt., 4,4'-DMC-CaC03 100 

4,4'-DAIC + 0:5$ pyridine 100 

0 . \lraaiirenientr t a k e n  a t  about monthly inter\  :LIT 

100 
100 
100 
94 

100 

l a b l e  S. Stability of Bis-(p-chlorophen?;l)methylcai.- 
binol in 31ixtures at 45" C. 

,,31.~, 6i-ti!lo C. Reiiiltq in DMC) 
Sample 7 Dnys 14 Day. 

4,4'-UAlC 9 8 . 8  98 .7  
4,4'-I)AIC + 0.570 NarCOa 8 9 . 1  9 9 . 1  

1 ' 1  by w t , ,  4 , J f -D1IC-CaCO~ 8 9 . 1  9 9 . 1  
4,4'-DAIC + 0.17i p-TolYOaTI 7 2  0 2 6 . 2  

3 n i g  as lon as 0.4yc. It is catiniated that  the average error a t  
about 1.0 mg. would lie &2.OajO and that  the precision a t  that  
s:tniple weight might a l b o  be +2.0%. 

I'ROI'ERTIES OF BIS-(p-CII LOROPIIE.\Y L)METHY LCARBINOL 

Stability. T o  detririiiiiic the thermal stability of bis-(p- 
ciiloropheny1)nieth~lcarl~inol samples were observed in air a t  
room temperature :iid a t  elevated temper&tures up  to 105" C. 
for  :is long as 6 montlis. It, x i s  assunietl that the oiil>- reaction 
\vhich would occur ) Y : ~ S  tiiiLt of tleliytlration t o  t,he ethylene 
(1,:quation 1) and that  the ultraviolet :Llmorption spectra would 
tlicrefore provide a suitable analytiral iircthod. At rooiii tem- 
1)eraturc in 6 niont,hs there \Y:M 110 change in the his-(p-chloro- 
~~lienyI)~iietliylcarbinol content. I n  6 .5  iiionths at 45' C. the 
sample has deteriorated by onlj- 10% (Tiil~le YII I ) .  -it  higher 
t einperatures the rate iiicreased rapidly. 

'Table SI. Stability of Bis-(p-chloropheny1)methylcar- 
binol in SD-1 Ethanol 

' X1.p. 67-69' C. Results in % D M C )  
0.1 S HiSOi m i l l e ,  A t  

IIours reflux Rni. T. .it reflux Rm. T .  At reflux 
0.1 3 KOH 

1 , .  . .  ,, 98 98 
2 , .  57 . .  
3 . .  . .  41 . .  
4 96 3:3 98 98 

-- 

-1s bis-(p-chloiopheii~l)iiieth~-lcai~iiiiiol may be formulated 
either in dry mixtuies or in solution ior spraying purposes, its 
stability under both coiirlitions, :LS affected by acids and bases, 
was test,ed. At room tonipfwture d ry  mist.ures containing p-  
toluenesuifonic acid, triethylamine, pyridine, or calcium carbon- 
a te  are mostly unchanged for about 6 months (Table IS), 
although the sample containing 0.1 yG p-toluenesulfonic acid hiid 
started to deteriorate. 

At, 45' the samples coiitaitiirig bases were unchanged a t  the 
end of 2 weeks, but the presence of 0.1% of the acid caused rapid 
deterioration (Table S). Thus, the powerful catalytic action of 
strong acids in the dehydration of alcohols to  olefins is occurring 
here in the solid state. Obviously bis-(p-~hIorophenyl)methy1- 
carbinol niust not coiitain even the slightest traces of acids. 

The bchavior of bis-(p-chlorophenyl)methylcarbinol in solu- 
tion was tested with ethanol (SD-1) as the solvent in the presence 
of P:iIfuric acid (0.1 *\-) and potassium hydroxide (0.1 S), both a t  

room temperature and a t  reflux (Table SI) .  In the absence of 
acid there is no deterioration even a t  reflux a t  the end of 96 hours. 
Again the acid strongly accelerated dehydration; at 5 hours' re- 
flux about 80% of the bis-(p-ch1orophenyl)methylcarbinol had 
been consumed. The effect of heat alone is less marked in the 
case of the solution than for the solid; from Table I S  bis-(p- 
chlorophenyl)methylcarbinol heated at 65' for about 24 hours 
had dropped to about 60% purity but in ethanol Bolution a t  re- 
flux (78" C.) there was no change in this time. This may be due 
to  reduced exposure to  the oxygen of the air for the bis-(pchloro- 
pheny1)niethylcarbinol in solution. 

Bis-( p-chloropheny1)methl-lcarbinol cannot be vac- 
uum-distilled a t  1 mm. or vacuum-sublimed without some de- 
hydration to  the ethylene derivative. 

Volatility. 

Table XII. Volatility of Bis-(p-chloropheny1)methylcar- 
hinol, DDT (Technical), DDT (Pure) at 25" C. 

Time, 
Dns-3 

1 

4 
6 

11 
1 3 
27 
36 
4'2 

D D T  (Tech.) DDT (Pure) 
(1.0219 G.),  (1.0132 G J ,  (1.0092 G.), 

% % x 
D M C  

0 . 3 9 a  
0.53 
0 . 8 1  
0 .90  
1 .oo 
1 .14  
1 .49  
1 . 6 7  
1 .72  

a .is per cent of original weight lost. 

0.12Q 
0 18 
0 .20  
0 . 2 2  
0 . 2 5  
0 . 2 7  
0 37 
0 R i  
0 . 3 7  

0 11a 
0.12  
0 17 
0 17 
0 22 
0 2 2  
0 26 
0 26 
0 26 

Carbon tetrachloride solutions each containing about 1.0 gram 
of his-(p-chloropheny1)methylcarbinol (11i.p. 67-69' C.), technical 
DDT, and pure DDT (melting point 105-107° C.) were allowed 
to  evaporate on watch glasses and the loss in weight of the solid 
%as observed on standing a t  room temperature. The data of 
Table SI1 show that  bis-(p-chloropheiiyl)methylcarbinol is four 
to  eight titnes more volatile than DDT but  i i  still relatively non- 
volatile. 

Table XIII. Approximate Solubilities of Bis-(p-chloro- 

(1I.p. 58-60° C. Grains per 100 mi.) 

pheny1)methylcarhinol 

Temperature 
Solvent 60' C. 43' C .  2 5 -3 0 "7 

440 
490 

311 

. .  
32 

12.5 
7 

8" 
3 . 7  

110 
175-200 
2 1 5  

Solubility. The approximate solubility of two samples of 
bis-(p-chloropheny1)methylcarbinol differing in purity w a d  

found in various solvents by  noting the quantity of solvent re- 
quired to  dissolve a weighed sample a t  the temperature indicated. 

Table XIV. Approximate Solubilities of Bis-(p-chloro- 

(M.p. 65-69' C. 
pheny1)methylcarbinol 

Grams per 100 ml.) 
A t  25-30' C. Solvent 

Toluene 
D.C. naphtha 
n-Butyl ether 
Bkellysolve B 
Ether 
SD-1 ethnnol 
Tetrahydrofuran 

112 
I 

8 5 . 0  
4 . 3  

152 
125-150 
243 
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The following solvents were tried in a series of crystallization 
experiments: Skellysolve B, chloroform, carbon tetrachloride, 
toluene, acetic acid, met,hanol, 95y0 ethanol, and 80% ethanol. 
The last t,wo solvents were made from SD-1 alcohol. 13)- the 
amount of bis-(p-chlorophenyl)methylcarbinol recovered and 
itms purit,y, Skellysolve B is best. Two milliliters per gram are 
heated to boiling, filtered, cooled to 0” C., and filtered, and the 
solid is washed with a little cold Skellysolve B. l l istures that 
contain only 50y0 or less of bis-(p-chloropheny1)methylcarbinol 
along with ketone and/or ethylene are difficult to purify. 
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Method for Continuous Extraction with a Chelating Agent 
W. WAYNE MEINKE AND RICHARD E. ANDERSOKI 

University of Michigan, Ann Arbor, Mich. 

A continuous method has been developed for safely 
extracting gram amounts of thorium as the nitrate 
salt from the actinium and radium isotopes present 
in tracer quantities after cyclotron bombardment of 
the thorium. The method uses a benzene solution 
of thenoyl trifluoroacetone as the chelating agent 
and leaves the tracer activities carrier-free in the 
raffinate accompanied by a minimum of foreign 
salts. One gram of thorium can be extracted from a 
highly radioactive solution in about 3 hours in the 
apparatus described. The extractor is especiall? use- 
ful for work with very radioactive materials, as a 
minimum of shielding is required and most opera- 
tions are automatic. The method is readily adapt- 
able to other types of extraction problems and the 
equipment can he scaled to fit requirements. 

4 use of chelating agents in a variety of extraction methods THE developed over the past fev years has greatly increased the 
number of possibilities of separating many of the elements ( 2 ) .  
I n  the field of nuclear chemical separations, especially, “chelating 
extractions” have made possible very clean-cut separations of 
many elements in TI idely varying concentrations-from macro 
amounts to tracer amounts (1,  4). 

In  the field of solvent extraction many different systems for 
continuous extraction have been devised (IO). Separations using 
chelating agents have not in general, however, been adaptable to 
continuous systems. The work reported here arose from the 
problem of safe11 separating macro amounts (1 to  5 grams) of 
thorium from the highly radioactive fission and spallation prod- 
ucts (7 ,  9) present in tracer quantities after high-energy bom- 
bardment of the thorium taiget material in the Berkeley 184-inch 
cyclotron. I t  was especially important that  the radium and 
actinium isotopes be completely recovered from the thorium for 
this work. I n  precipitation reactions the bulky precipitate 
formed carried down large percentages of the radioactive tracer 
material even with “holdback carriers” present ( 5 ) .  Although 

1 Present address, Department of Chemistry, University of Illinois, Ur- 
bana, 111. 

several solution and reprecipitation cycles allowed recovci J- of 
the desired materials, the operator mas exposed to large amounts 
of radiation in the process. Solvent extraction nith “pentaethei ” 
(dibutoxy tetraethylene glj  col, obtainable from Carbide and 

B 

Figure 1. Extraction Apparatus 


