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sium oxide using platinum crucibles followed by either gravi- 
metric or flame photometric measurements are in good agree- 
ment with the bureau’s values. However, the sodium oxide 
values, with the exception of those for No. 70, feldspar, are con- 
sistently low. Many te& i%-ere made, as shown in Table 111, 
using various modifications of the methods in an effort to  dupli- 
cate the bureau’s values more closely, but without success. 
Believing that the use of the regular platinum crucibles may have 
been a source of error, the tests were repeated with nickel cru- 
cibles similar to those used by the Bureau of Mines ( I I ) ,  or 
standard J. Lawrence Smith platinum crucibles. The sodium 
oside results, as shown in Table 111, were still low for four out of 
five of the samples, although the J. L. S. crucibles gave sonie- 
what closer values than either of the other kinds of crucibles. 

The reasons for the discrepancies are not entirely clear. The 
errors due to the presence of sodium oxide in the calcium car- 
bonate used in sintering the samples were over and above the 
compensating errors caused by the calcium (and traces of sodium) 
introduced in equal amounts into both the standard (calibration) 
solutions and solutions under t,est. In  the case of gravimetric 
analyses, however, there is no compensation for impurities in the 
calcium carbonate. Hence, all the author’s reported values were 
corrected for blank tests. However, if these corrections were 
not applied, the values would be much closer to the values re- 
ported by the Xational Bureau of Standards and by other in- 
vestigators who have analyzed some of the same standard sam- 
ples by flame photometric methods. For example, the values 
shown in Table I11 for samplc la ,  argillaceous limestone, uncor- 
rected for blanks, would range from 0.36 to 0.39% sodium oxide, 
in close agreement. with the certified value of 0.39%. With 
sample la,  an examination of the Bureau of Standards’ certificate 
of analysis showed that t,he material was analyzed over 20 years 
ago and that the values used in computing the certified average 
range from 0.31 to 0.45% sodium oxide. 

The J. L. S. crucibles, having shown somewhat higher sodium 
oxide values than other types of crucibles on the t,ests of the stand- 
ard samples, were used for repeat tests of the ratv mix and kiln 
dust samples (columns 6 and 11 of Table I). The differences, 

hoivever, as shown in coluninh T xritl 12, were neither sigiiificant 
nor consistently in the same direction. Therefore, considering 
all the data in Table I it appears that  the results &tainecl by 
the proposed flame photometric method, wing either regular 
platinum or J. L. S. crucibles, are in good agreement with the 
longer gravimetric procedure. 

TIME REQUIREMENTS 

The time required for allCali analysis hy t,hc proposed met,hotl 
was less than half of t,hat required for gravimetric analysis of 
acid-insoluble silicates. One uf t,hr primary objects of this study 
has been to get an accur:tt8tn a? \ v ~ 1 1  as a rapid method. It i e  
possible that for less accurate, rout,ine work the method would 
rrquire one third or 1w1; of thc. time of t h e  gravimetric nictliod. 
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Determination of 2,4-Dic hl or0 p hen ox yace tic Acid, 2,4,5-Tric hl oro- 
phenoxyacetic Acid, 2-Methyl-4-Chlorophenoxyacetic Acid, and 
4-C hlo ro p hen oxyace tic Acid 
In Technical Mixtures by Isotope Dilution Analysis 
POUL SORENSEN 
Central Laboratory, Kiige Chemical Works, Ltd., Copenhagen, Denmark 

Methods for the specific determination of 2,4-D, 2,4,5-T, 
and MCP are proposed. Mixtures of 2,4-D and 2,4,5-T 
are frequently used and on that account methods for 
the determination of each of the compounds in such 
mixtures have been elaborated. 44hlorophenoxy- 
acetic acid may find use as a weed killer in the future 
and is therefore included in the investigations. 

HE active compounds in weed killers of the hormone type T commonly used are 2,4-riichlorophenoxyacetic acid (2,4-D), 
2,4,5-trichlorophenoxyacetic acid (2,4,5-T), and 2-methyl-4- 
chlorophenoxyacetic acid (JICP). Because of the methods of 
preparation (3 ,4,?’ ,  14, 17 ,21)  technical 2,4-D, 2,4,5-T, and MCP 
m:tY contain varying amounts of other chlorine substituted 

phenosyacetic acids witli lit,tlc or no activity. Furthrrmore, 
the technical products may contain chlorophenols and glycolic 
acid. 

The method adopted by the .-lssociat,ion of Official Agricultural 
Chemists for the determination of 2,4-D acid is that  used by 
Rooney ( I S ) ,  in which the total amount of phrnoxyacetic acids 
is det,erniined. Ketelaar, Gersmann, and Beck (15 )  havc since 
pointed out that  the presence of chlorophenols interferes with 
t,he determination and have modified Rooner’s method. 

A specific method for the determination of 2,4-D, reported by 
Stroud (23) ,  is based on separation of thr acids by partition chro- 
matography. Gordon and Beroza ( 8 )  also used partitmion chro- 
matography in the separation of 2.4-D from 2.4.5-T. The in- 
fluence of homologs has not, I)ccn rcportctl. 
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Hill (IS) and Grabe (9) have published methods for the de- 
termination of MCP by ultraviolet spectrophotometric measure- 
ments. Sjoberg (20) was able to determine MCP and the pres- 
ence of homologs by the use of infrared spectrophotometry. 
Freeman and Gardner ( 5 )  have separated MCP from homologs 
by partition chromatography. A method published by the 
author ( 2 2 )  is reproduced in t,his paper, with some slight modifica- 
tions. 

This investigation vr'as carried out, with the following mixtures: 

2,4-D and homologs-Le., 2-chlorophenoxyacetic acid, 4-chloro- 
phenoxyacetic acid, 2,G-dichlorophenoxyacetic acid, and 2,4,6- 
trichlorophenoxyacetic acid. 

2,4,5-T and homlogs-i.e., 2,5-dichlorophenoxyacetic acid, 
2,3,G-trichlorophenoxvacetic acid, and 2,3,4,6-tetrachlorophen- 
ovyacetic acid 

2,4-D, 2,4,5-T, and homologs of 2,-1-D and 2,4,5-T. 
11CP and homologs-i.e., 2-methylphenouyacetic acid, 2- 

methyl-6-chloropheno\yacetir acid, and 2-methyl-4,G-dichloro- 
phenoxyacetic acid. 

arid, 2-chlorophenoxyacetic acid, and 2,4-D. 

METHOD OF ANALYSIS 

4-Chlorophenoxyacetic acid and homologs-;.e., phenoxyacetic 

The isotope dilution principle is generally known. As applied 
to the present investigation, it was used as follows. 

Radioactive X (where X may be 2,4-D, 2,4,5-T, MCP, or 4- 
chlorophenovyacetic acid) is synthesized from radioactive 
chlorine (chlorine-36). A solution is then prepared containing y 
mg. of X per mg. of solution. A standard sample is prepared 
from a mg. of active solution and b mg. of inactive X .  The pure 
X, or derivative thereof, that is isolated from the mixture will 
hxve a specific activity, c. 

When the same experiment is carried out with A mg. of active 
solution and an unknown amount, B mg. of X ,  the final specific 
activity is C, and we obtain the relationship, 

I n  the above expression B is the only unknown quantity and r 
is the ratio of specific activity of the final sample to the standard 
sample. When X is isolated, as X or as an X derivative, with a 
known purity, P%,  the expression may be written, 

A P 
B = (t X i- X b + A y  X 7 

With this modification a high purity of radioactive X is not 
necessary. Contamination with other radioactive substances 
may give rise to errors, but this source of error is eliminated by 
preparing the active solution with an acceptably high content 
of these substances in inactive form. When the X derivative is 
isolated by the analytical procedure, radioactive contaminants 
are removed together with their inactive counterparts In  
other words, further purification of the product must change 
the specific activity only to a degree corresponding to the change 
in purity. 

Preliminary work indicated that the acid desired could not be 
easily isolated from the constituents listed above. After testing 
various derivatives i t  was found that the anilides had practically 
ideal properties for the purpose. They are easily prepared and 
easy to obtain in a nearly pure state by recrystallization, and 
the purity can be determined accurately by their melting points 

PREPARATIOY OF MATERIALS 

Phenoxyacetic Acids. All the above-mentioned substituted 
phenoxyacetic acids are known, with the exception of 2,3,4.6- 
tetrachlorophenoxyacetic arid. Methods of preparation are 
described by Leaper and Bishop (16 )  and by Sjoberg (20) .  The 
phenoxyacetic acids used in this investigation were prepared by 
similar methods. 

rhlorophenol with a melting point of 67-69' C. was obtained by 
recrystallization from acetic acid of a terhnical product (Dowicide 

2,3,4,6-TETRACHLOROPHEXOXYACETIC ACID. 2,3,4,G-Tetra- 

6 ,  from the Dow Chemical Co.). By condensation with mono- 
chloroacetic acid 2,3,4,6-tetrachlorophenoxyacetic acid was ob- 
tained. The crude product was first crystallized twice from 
monochlorobenzene and finally from benzene. 

These may be purified from technical products. They are con- 
verted to the anilide by the method described below, and are then 
recrystallized from ethanol until the correct melting point is 
attained. The pure anilide is saponified by sodium hydroxide 
and the acid is obtained by crystallizing twice from benzene. 

The anilides were prepared according 
to the method of Fritzsche ( 6 ) ,  bl- refluxing the acid with 2 to 3 
times as much aniline for 1 hour, precipitating with an excess of 
hydrochloric acid, filtering, washing with water, and crystallizing 
from ethanol, methanol, or 61% ethanol. 

Nost of the anilides have been reported previously (6, 12, 16). 
Table I gives melting points for the compounds prepared and 
analyses for the new compounds. 

2,4-D, 2,4,5-T, hICP, A S D  ~-CHLORoPHEXOXY.4CETIC h C I D .  

Phenoxyacetanilides. 

Table I. Melting Points of Compounds Used 
Acid, O C. Anilide. O C. 

Phenoxyacetic acid 99.5-100.5 100.3-100.7 
2-Clilorophenoxyacetie acid 147.0-148.0 123.2-123.4 
4-Chlorophenoxyacetic acid 158.0-159.0 128.8-129.1 
2.4-Dichlorophenoxyacetic acid 140.0-140.5 111.0-111.1 
2,5-Dichlorophenoxyacetic acid 148.0-149.0 145.5-145.8 
2,6-Dichlorophenoxyacetic acid 136.0-137.0 84.6- 88.0 
2 3 6-Trichlorophenoxyacetic acid 147.0-148.0 87.5- 88.0 
2:4:5-Trichlorophenoxyacetic acid 166.0-167.0 178.0-178.2 
2,4,6-Trichlorophenoxyacetic acid 184.0-185.0 110.5-110.8 
2,3.4,6-Tetrachlorophenoxyacetic acid 176.5-177.5a 117.6-118.0a 
2-Rlethylphenoxyacetic acid 155.0-155.5 108 2-108.4 
2-Methyl-4-chlorophenoxyacetic acid 119.5-120.0 129.8-13O.Oc 
2-hlrthyl-6-chlorophenoxyacetic acid 109.0-109.5 78.0- 78.3d 
2-RIethyl-4,6-dichlorophenoxyacetic acid 187.5-188,O 100,8-101.1 

C, 33.4, H 1.7. C1 48.8. 

Found: C,  46.2' H 2.7. C1 38.7, N 3.8. 

Found: C 65.7; H 4.9. C1 12.9; S ,  5.3. 

Found: C 65.5.  H 5.0. C1 12.9. N 5 .0 .  

Found: C ,  58.1; H ,  4.2; C1. 2 2  9 ;  N, 4.4. 

a Anal. Calcd. for CaH403ClCla: C, 33.1; H,  1.39; C1, 48.9; Found: 

b . I n h  'Calhd. fbr CiaHsO2NClp: C, 46.1; H.  2.49; C1. 38.8; N, 3.84; 

c Anal. C a d d .  !or disH;aOsKkl: ' C .  6 5 . 4 ;  H, 5.12; CI, 12.9; K, 5.08. 
d Anal. ' Calcd. !or 6isH;sOaNCl: C, 6 5 . 4 ;  H ,  5 12; CI. 12.9; S,  5.08; 

e .Inal. ' Caldd. r'or C'laHl;OaKh?: ' C. 58 1: H 4.23; C1, 22.9;  X, 4.52; 

Radioactive Compounds. These were pi epared according to a 
method proposed by Haskelberg (IO), by chlorination of the 
starting material with radioactive chlorine. The source of radio- 
active chlorine was a solution of hydrochloric acid with an ac- 
tivity of about 5 microcuries per milliequivalent, obtained from 
the U. S. Atomic Energy Commission, Oak Ridge, Tenn. By 
dilution with 1iV hydrochloric acid an activity of about 1 miero- 
curie per milliequivalent was obtained. The chloride was pre- 
cipitated as silver chloride, which was washed wit: water, abso- 
lute ethanol, and petroleum ether, and dried at 40 . 

Elementary chlorine was obtained by oxidation of the silver 
chloride with potassium dichromate in sulfuric acid, a method 
used by Baubigny and Chavanne ( 2 ) .  About 1.2 grams of active 
silver chloride was added to 3 grams of potassium dichromate in a 
50-nil round-bottomed flask, n-ith a side arm for the evolution of 
chlorine. A short rubber tube was attached to the side arm to 
serve as a flexible connection to the chlorination vessel. Twenty- 
five milliliters of concentrated sulfuric acid was added in one por- 
tion and the flask was gently shaken by a mechanical arrange- 
ment in an oil bath. The bath was kept a t  room temperature for 
the first hour, and then heated to 200" during the next 3 hours. 
At this elevated temperature oxygen is also evolved and helps re- 
move chlorine from the flask The last traces of chlorine were 
removed by blowing air through the flask (by suction). 

Cold runs showed that 95 to 98% of the theoretical amount of 
chlorine could be recovered by absorption in sodium hydroxide 
solution. 

This was prepared by chlorination of 
2-chlorophenoxyacetic acid (a less pure 2,4-D was obtained when 
4-chlorophenoxyacetic acid was used as the starting material). 
The 2-chlorophenoxyacetic :cid (0.925 gram) was dissolved in 
acetic acid (10 ml.) a t  100 , and chlorinated with the chlorine 
produced from radioactive silver chloride (1.35 grams). The 
chlorinated solution was diluted 10 times with water, heated to a 
clear solution, and crystallized by cooling to  0 . Crystals of 
active 2 ,CD were filtered off, washed yibh water, and dried. 
Tield, 0.84 gram; melting point 136-138 . Pure 2,4-D (4.50 

R a ~ 1 o a c ~ I v E  2,4-D. 
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grams) was added to this crude, active preparation and the mix- 
ture was recrystallized twice from 40 ml. of benzene. Yield, 
4 80 grams; melting point 140-140.5". 

The hydrochloric acid, together with small amounts (2 to 3%) 
of unreacted chlorine, was absorbed in water containing 1% 
sodium hydrogen sulfite and precipitated again as silver chloride. 
The filtrate from the crude, active 2,4-D was reduced with Raney 
nickel-aluminum alloy as described by Schwenk, Papa, and 
Ginsberg (19), and the liberated chloride was precipitated as 
silver chloride. The yield of crude 2,4-D was about 80% with 
respect to  the amount of chlorine consumed. 

RADIOACTIVE 2,4,5-T. Chlorination of 0.999 gram of 2,5- 
dichlorophenoxyacetic acid was accomplished with the chlorine 
derived from 1.30 grams of ac$ve silver chloride. Yield, 1.15 
grams; melting point 150-152 ; estimated purity, 90%. 

Chlorination of 0.868 gram of 2-methyl- 
phenoxyacetic acid was prrformed with the chlorine produced 
from 1.45 grams of active silver chloride. Yield, 0.85 gram; 
melting point 115-117'; estimated purity, 95%. 

acid, 0.676 gram, was chlorinated with the chlorine derived from 
1.22 grams of active silver chloride. Yield, 0.55 gram; melting 
point 154-157 '. Pure 4-chlorophenoxyacetic acid, 3.40 grams, 
was added and the mixture was recrystallized twice fro? 100 ml. 
of benzene. Yield, 3.75 grams; melting point 158-159 . 

RADIOACTIVE MCP. 

RADIOACTIVE 4-CHLOROPHEh OXYACETIC ACID. Phenoxyacetic 
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APP4R4TUS 4YD XfEASUREMENTS 

Purity of Anilides. The purity of an anilide may be found by a 
melting point determination, using a capillary method in a Hersh- 
berg apparatus (11). The temperature a t  which a meniscus 
forms in the capillary is taken as the melting point. The differ- 
ence in the melting points of two samples is determined by placing 
the t x o  capillaries in the Hershberg apparatus a t  the same time. 
The differencc in melting points is determined Fvith an accuracy 
of &0.1". 

1 

c 

P 

I I I 1 
99 98 91 96 95 

PURITY, % 

Figure 1. RIelting Point Depression of 
2,4-D Anilide 

A 2-Chlorophenoxyacetanilide V 4-Chloroplienoxyacetanilide 
6 2,6-Diclilorophenoxyacetanilide 
0 2,4,6-Triclilorophenoxyacetanilide 

Figures 1 to 4 show the depressions of the melting points of 
2,4-D anilide, 2,4.5-T anilide, MCP anilide, and 4-chlorophen- 
oxyacet,anilide by different. contents of anilides of the homol- 
ogous acids. The different curves will give practically the same 
corrections for purities above 99%. Figure 5 shows the nielt.ing 
points of mixtures of anilides of 2,4-D and 2,4,5-T. 

Radioactivity Determination. Radioactivity of a sample is 
measured with a conventional end-window Geiger-Muller counter 
[Madsen tube, m-indow thickness 3 mg. per sq. cm., background 
about 12 counts per minute (1 ) ] .  

About 50 mg. of the fine crystalline sample is placed in an 
aluminum dish and neighed. The number of counts per minut,e 
measured is corrected for background and self-absorption. 
Curves of self-absorption may be determined by each investiga- 
tor for his own technique. 

The accuracy of the activity determination is limited by tlie 
statistical counting error. The samples used in these experi- 
ments (about 1000 counts per minute) are counted for about 20 
minutes and the standard deviation of the number of counts is 
about 0 i%-i.e, the ratio, r ,  of the specific activities of the t s o  
samples is determined with a standard deviation of about 1%. 
In  comparison to  this uncertainty, the uncertainties dur to 
corrections for background, self-absorption, weighing, ant1 
transfer to the aluminum dish are very small and may be dis- 
regarded. 

99 98 91 96 95 
PURITY, % 

Figure 2. Melting Point Depression of 
2,4,5-T Anilide 

To transfer the samplr to the aluminum dish in such a way 
as to form a uniform layer, the powder is placed in the dish 
and suspended in a few drops of methanol or acetone. During 
the evaporation of the methanol or acetone the sample is smoothly 
applied to the dish with the aid of a nickel spatula. I t  is then 
dried under an infrared lanip and neighed again. 

.4NA LYTICA L PROCEDURES 

The methods first described deal x i t h  determinations of tlic 
compounds in the form of acids or salt8s. Later, methods of 
determining esters or other saponifiable compounds are proposctl. 

Reagents. The common reagents used are: 4% sodium hy- 
droxide; 4iV hydrochloric acid; aniline, reagent grade; absolute 
ethanol, reagent grade 99.5-99.9%; methanol, reagent grade; 
61% ethanol, 2 volumes of absolute ethanol plus 1 volume of 
water. 

Radioactive 2,4-D, 1 % solution, consists 
of 1.00 gram of recrystallized radioactive 2 , 4 D  (about 0.7 micro- 
curie), 0.25 gram of 2,6-dichlorophenoxyacetic acid, 0.25 gram of 
2,4,6-trichlorophenoxyacetic acid, 10 ml. of 1 S  sodium hydroxidc, 
40 ml. of et,hanol, and water to make 100 grams. 

Radioactive 2,4,5-T, 0.5% solution, consists of 0.19 gram of 
radioact,ive 2,4,5-T (about 0.7 microcurie), 0.33 gram of 2,4,5-T, 
0.25 gram of 2,3,6-trichlorophenoxyacetic acid, 0.25 gram of 
2,3,4,6-tetrachlorophenoxyacetic acid, 5 ml. of liV sodium hy- 
droxide, 40 ml. of ethanol, and water to  make 100 grams. 

Radioactive MCP, 1% solution, consists of 0.15 gram of radio- 
active MCP (about 0.7 microcurie), 0.86 gram of MCP, 0.50 
gram of 2-methyl-6-chlorophenoxyacetic acid, 0.50 gram of 2- 
methyl-4,6-dichlorophenoxyacetic acid, 10 ml. of 11Y sodium 
hydroxide, 40 ml. of ethanol, and water to make 100 grams. 

Radioactive 4-chlorophenoxyacetic acid, 1 % solution, consists 
of I .OO gram of recrystallized radioactive 4-chlorophenoxyacetic 
acid (about 0.7 microcurie), 0.25 gram of 2-chlorophenoxyacetic 
acid, 0.25 gram of 2,4-D, 10 ml. of 1 S  sodium hydroxide, 40 ml. 
of ethanol, and water to make 100 grams. 

The phenoxyacetic acids used for preparing thcse solutions do 
not need to be of high purity. 

Because of the lower solubility of the 2,4,5-T sodium salt, only a 

SPECIAL REAGENTS. 

0.5yo solution can br prepared. 
Pure 2,4-D, 2,4,5-T, MCP, and 4-chlorophcnoxj dwt ic  :icid. 
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Pure 2,1-D anilide. 
Procedures. A I ,  DETERMISATION OF 2,4-D WITHOUT 2,4,5- 

T. Weigh a quantity of the product, to be analyzed which is 
estimated to contain about 250 mg. of 2,4-D. Add 1.5 ml. of 
act,ive 2,4-D solution and determine this amount ( A  mg.) :IC:- 
curately by another weighing. Dissolve in sodium hydroxide and 
y i p i t a t e  the phertoxyacetic. acids with hydrochloric wid. 

Add 1.5 ml. of aniliiie and 
reflux for 1 houri n a tvst tube provided with a cold finger. After 
cooling, add 10 ml. of 4.V hydrochloric acid, boil for a moment, 
and cool again. Filter off' the anilide and wash with m t e r .  
Crystallize the wet, crude :inilide first from 2.5 ml. of absolute 
ethanol, and then t,hree or mor(' times from 5 ml. of G l %  ethanol, 
until the melting point difers from that of the standard sample 
by less than 0.5"-i.e., until it h:ts zt purity greater than 99%. 

Measure the specific activity as a ratio ( = T )  of the stand:ird 
mmple [prepared in the s tme way, but from a k n o w  amount ( 0  
1119.) of pure 2,4-1)]. From the rnrrltirig point determine the 
lnirity (P%) .  Calculate the amount ( B  mg.) of 2,4-D i n  the 
original sample by the formula given ewlier. 

ilter off and dry a t  80" to 10f~o. 

The purity of these crystals will tw ahout I I I I I 
I I I I I I I 

90 to 95%, and is determined hy mixing 

pure 2,4D anilide. To ensure complete 
mixing, dissolve accurately weighed amounts 

Determine the melting point of the mixture 
as described above. Repeat this determina- 
tion 2 to 3 times. The purity of the original 

al)out 1 part of the sample with 2 parts of 119 - - 
9 

in acetone and evaporate to dryness. g 111 

0 110 - - 
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99 98 91 96 95 

JIeIting Point Depression of MCP 
PURITY, % 

, in  i I id e 
Figure 3 .  

A 2-~Iethyli,lirnoxyacptariilide 
0 2-hletliyl-fi-cliloroi~henoxyacetanilide 
0 2-Mrth~l--L,li-di(.i,lol.oi,lleno.tgscnilide 

A2. L)ETERYI>ATIO\ OI '  2,4-1> TOGETHER WITH 2,4,5-T. 
Prepare an amount of crude anilide from a sample estimated to  
contain about 500 mg. of 2,4D as described above. Boil the 
crude, wet anilide in 50 ml. of methanol. After cooling, filter off 
the crystals and discard. Dilute the filtrate with 50 ml. of 
water, filter off the crystals which precipitate, and recrystallize, 
first from 5 ml. of absolute ethanol and then three times from 10 
ml. of 61% ethanol (the amount of 61% ethanol used will not 
dissolve all the crystals, and a t  the last crystallization the hot 
solution is decanted from the undissolved crystals of 2,4,5-T 
anilide). Now dissolve the crystals in 10 ml. of hot methanol. 
Seed the solution with 2,4,5-T anilide, allow i t  to crystallize t)y 
standing, filter off, and discard the crystals. To the filtrate add 
5 nil. of methanol and 7.5  ml. of water. Heat to a clear solution, 
allow it to crysta$er by ,standing, then filter off the crystals and 
dry a t  80" to 90 . 

Measure the specifw avtivitv :IQ a ratio of 

MODIFICATIONS OF METHODS. The isotope dilution analysis 
of technical samples or preparations may be slightly modified 
from one sample to another, but a number of cold runs will 
usually suffice to indicate a convenient method for isolating the 
anilide. 

As an example, MCP preparations may contain tarry sub- 
substances. If, before the preparation of the anilide, the acid is 
dissolved in about 50 ml. of boiling water and filtered, the acitl 
which crystallizes on cooling will yield a pure anilide witahout 
difficulty when Procedure C is folloived. 

I n  the analysis of butosyet'hatiol ester: of 2,+D and 2.4.5-T 
the sample to be analyzed is \\-eighetl. radioactive solution i-. 
added, and the mixture is saponified n-ith an escess of alcoholi(. 
1 N  potassium hydroxide a t  room temperature. The potassiuni 
salts of the acids precipitate. aiicl u e  filtr21,ecl off and rvasheil f r w  
from oily substances with hc~iizc~nr~. The potassium salts arr  
dissolved in water and filtered. :iiitl the acids precipitated with 
hydrochloric acid. 

2,4.5-T butyl ester is analjmd hy the same procedure, escel)t, 
that thc saponification is carried out :it refluxing temperature. 

ACIDS. \Veigh an amount estimated to contain about 0.4 gr:tin 
of plienosyacetic acids. Dissolve in about 100 ml. of water a1161 
pour the solution into a Kutcher-Steudcl est,ractor (24 ) .  Add :L 
small excess of hydrochloric acid. Iht,rac.t the phenoxyacetic 
acids liberated continuousl). ivith benzene for 1 to 1.5 hours. 
It, is iniportmt that a large amoiltit of brnzene passes through th(. 
solution to he extracted. For this reawn the benzene must h r  
heated on a vapor bath an(1 the whole system kept under :t 
reduced pi'wsure of about 0.83 :ttmosph(~iv. the pressure being 
maintainod with the aid of a niariost:it. The benzene \\+ill ex- 

Procedure -4 or I3 i p  then followed. 

DETERMINATIOS O F   TOT.^^, .I\IOCST OF PHESOXY.4CETI(' 

99 98 91 96 95 
PURITY, % 

Figure 4. Melting Point Depression of 
4-Chlorophenox yacetanilide 

A Phenoxyacetanilide 
0 2-Chlorophenoxyacctanillde 
0 2,4-D anilide 
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tract the phenoxyacetic acids and the phenols. After estrtwtion, 
add the same volume of ethanol and 10 drops of bromothymol 
blue solution (0.1%) to the benzene solution. Titrate with 0.1.1- 
sodium hydroxide. During the titration two phases will appear. 
The end point of the titration is a green color in the aqueous 
phase. 

Experiments have shown that glycolic acid is not extracted by 
benzene and that phenols are not titrated in the procedure 
suggested. 

Technical samples of phenoxyacetic acids niay be titi ated ae 
such without preceding extraction. The presence of glycolic 
acid, however, may give a value that is too high. 
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RESULTS 

Analysis of Known Mixtures. 
series of known mixtures. 

Analysis of Technical Products. 
data for different technical samples. 
different agricultural preparations. 
sitme type originates from a different manufacturer. 

The procedures were tested on a 

Table I11 gives analytical 
Table I V  gives the data for 

Each of the samples of the 

The results are given in Table 11. 

ACCURACY OF JIETHODS 

From an estimation of t,he accuracy of the methods it is obvious 
that all other sources of error niay be disregarded in conipariwn 
with the uncertainty of the radioactive measurement,, T .  : m i l  of 
t,he purity determination, P.  

~ ~ ~ ~ - ~ 

Table 11. .Aiial>ars o f  tinown Mixtures 
Ot!1cr C u i i i ~ ~ r ~ i i n d s  Added“, Found  l>c.r.iation, 

< -  
(:o:uporind 

.inal) zed, M g .  llg. 3Ig. 

2,4-D 
202.0 
251 .8  
301 .4  

2.4-11 11u:nolog mist .  40 204 + I  0 
40 250 -11.7 
40 303 - 0 . 3  

503 2 2,4,5-T 500 503 0 

505.0 2.4-D 1 1 0 n ~ I o g  Iuist. 80 498 - I  4 
2 4 5-T 500 
2:4:5-T homolog mixt. 60 

2,4,5-T 
225.8 2,4,5-T homolog mixt. 30 225 - 0  3 

222.2 2,4-D 200 221 - 0  5 

301.4 30 299 - 0  8 

221.6 2,4,5-T homolog mixt. 30 222 +o 2 
2.4-D 200 
2.4-D homoloa mixt. 40 

M C P  
400.7 MCP homolog mixt. 200 398 - 0  7 
292.4 200 294 T O  5 
256.2 100 256 -0 5 

4-Chlorophenoxy- 
acetic acid 

204.4 4-chlorophenoxyacetic 30 206 + O .  8 
253.2 acid homolog mixt. 30 254 t0.3 
303.0 30 307 + 1 . 3  
a 2 4-D homolog mixture. Equal amounts of 2-chlorophenoxyacetic acid, 

4-chldrophenoxyacetic acjd, 2,6-dichlorophenoxyacetic acid, and 2.4,fi 
trichlorophenoxyacetic acid. 

2,4,5-T homolog mixture. Equal amounts of 2,5-dichlorophenoxyacetic 
acid, 2,3,6-trichlorophenoxyacetic acid, and 2,3,4,6-tetrachlorophenoxyacetic 
acid. 

M C P  homolog mixture. 20% 2-methylphenoxyacetic acid, 60% 2- 
methyl-6-chlorophenoxyacetic acid, and 20% 2-methyl-4,6-dichlorophenoxy- 
acetic acid. 

4-Chlorophenoxyacetic acid homolog mixture. Equal amounts of 
phenoxyacetic acid, 2-chlorophenoxyacetic acid, and 2,4-D. 

___.~____ 

Table 111. Analyses of Technical Samples 
Total  Phenoxyacetic .4cids, Actire Phenoxyacetic 

Product % Acid, % 
2,4-D acid 9 9 . 7  

9 8 . 5  
2,4-D sodium salt 80.0 

8 4 . 1  
8 1 . 3  

M C P  acid 94 .4  
9 6 . 0  

100 ,o  
0 Titrated after saponification. 

99 .0  
97 .0  
73 .7  
80 .3  
7 9 . 0  
9 8 . 0  
90.2 
93 .8  
9 6 . 5  
75 .0  
87 .5  
8 8 . 5  
78 .5  

Table I\’. .4nalyses of Agricul~ural Preparations 
(Duplicate doterniinationa~ 

Total Phen. Ar t iw  Phenoisxcetic 
Arid, ~ 7 i  oxyecetic -~ 

Composition Stated by Manufectiirer .4cids, % 2.i-n 2 , 4 , . - F -  

Butoryethanol esters of 2.4-D and 
and 2,4,5-T: 15.8% 2,4-D, 7.8% 
2,4,5.T 

Riitoxy<.thanol ester of 2.4.3-T. 
42.47, 2,4.5-T 

1ICP  sodium salt 
21 7% MCPa 97.0 

,’14.8 7 2’2 
115.0 1 7  15 

2 . 4 5 ~  

i 3 9 . 3  
3 9 . 5  

M C P  

‘ 2 1 . i  
i 21  8 

21 0 q  M C P  3 4 . 0  ‘ 2 1 . 3  
h 1 . 2  

21.3c.; McPa 27 1 (19.1) 
119 9 

a Original declaration in w-iclrt-rolinnr iinits. [ndicated value ra l r i i l a td  
froin specific grairity. 

When P ip ahove 99%. tl ic unc,crt:tintv of this quantit,y may 
also be disregarded. 

Thr  accuracy of t,he drtermiii:it,ioii of the. purity. P.  of 2,4-D 
in t,hr presence of 2,4.5-T is within about f I yo; the standard 
tit,rixtiori of the final result, will he about 2%. 

In thc other cases. where only tlw nriovrtaint!. of i- detrrmines 
the uncnrt,ainty of the final result. t)hr standard deviation will be 
about l%-i,e., the value dct.c~rmiiict1 ha.q R 90% prohahility of 
bring within f 1,64y0 of t.lie re:tl v:iluc. 
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