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PfI'RODUCTION 

" 
For some time work has been in progress (1) in t.his laboratory on the 

synt.hesis or simple organic substances c~mtaining radioactive carbon (ell.) in 
speeifled positlons in the molecule" The first such substance· desired "as 
acetic acid. with the radio-carbon at.an placed in the carboxyl 'group. Since 
t.he preparat.ion of acids from GrignaI'd reagents and carbon dioxide is a standard 
synthetic operation giving oonsistently 8P cd yields, serious ,consideration has 
been given t.o its possibilities from the beginning; However .. the conventional 
procedure, in whi9h an excess. of carbm dioxide is employed, requires modifi
cation i'or the present purposes because of t.he necessity 01' conserving carbon 
diox.ide and the problem or. obtainir:w; the best yield of acid. The yield is 
based on the carbon dioxid.e oonslUUed rather than On the Grignard reagent. 

TJ'le reactions which may occur when a GrignaI'd reagent is treated with 
carbon dioxide may be represented as follows: 

" 
(1) RMgl "" C02 -':, R002Mg:i: 

(2) Rl(gI + RC02MgI --4 R-CO-R fJ- MgO ~»gI2 

(3) IWgl ~. ·RCOR -) R3COMgI 

Reaction.s (2) and (3), leading to the fonnation of ketone and te.rtiary alcohol, 
are normally minimized by working wi ttl a very large excess of carbon di oxide 
(usually in the form of solid C02) arid also by maintaining a very low tempera
ture during the reactionu 

, ~t m.ay be expected. therefore that if the proportion of reactants is re
versed, the Grig~rd. reagent being in excess~ the formationot ketones and 
alcohols by the side-reactions (2) and (3) will be e.nt:tanced" To what extent 
thi.s occurs is going to depend upon the t.ime.-factor,<J that is, the time elapsing 
before the mixture is subjected to hydrolysis, and perhaps also on the nature 
ot the radical R. The results Qr the present work indioate that a substantial 
improvement in yield can be achieved by conducting the carbonation and hydrolysis 
as rapi~ as possible. 

'!'he special case of aeeticacld also presents some difficulties in iso= 
1ation and puri.fication, particularly with respect to separating it· from water ~ 
.on a small scale" In the present work use is made ot azeotropic'distillation 
wi til benzene. 

'A previous report. of the preparation of acetic apid from. radioactive oarbon ~ 

(1) See: Cl.inton Laboratory Chemistry Division Monthly Reports beginning 
July 1;, 1945 to the present dats v Mon N~6, 15~ 26, 31, 45~ 57, 72, 

. 84" 103, 111,\1 l31p 150-" 161. 
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d.ioxide has been given by H.Ube.rl~ Allen and Na.hinskY,(.2) but the I.:Icale employed 
was small, and the experimental details inccmplete o So that a method may be ' 
made available for otherss there follows a detailed procedure for ·the prepara
tion of acetic acid at a one-tenth mole level 0 

Preliminar,y experiments on the preparation of acetyl. chloride are deseribed 
in the. Appendix ~ 

.. 
--~----.:...-.-----~ ---------;:---:;--------
(2)Ruben, Al~.en and Nahinsky) J~ Am, Chem: Soc., 64, 3050 (1942) 
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SlNTHESIS OF ·ACETIC ACID FROU RADIOACTIVE CARBON DIOXIDE} 

Pre1'!::l'ation of Grignai'd Reagent 

Nine gJD.. (O~37 gm-atom) of magnesium (Note 1) is placed in a one-liter, 
three~necked' ground-glass reaction flask fitted with a dropping funnel (Note 
2) clo.sed with a drying tube . (Note 3) and a second drying tube in an,other 
opening while the third outlet 1.8 closed with a glass stopper< A soft flame 
is played over the flask and funnel andl' after cooling to room temperature, 
t.he drying tube closing the fiask is replaced by a long spiral condenser 
(Note 4) sU11D.Ounted by a drying tube o The magnesium is covered with 50 mL 
or ether (Note 5) and 25 ml. (0.4 mole) of methyl iodide (Note 6) dissolved 
in 200 ml" of ether, is placed in the dropping funnel~ After add.1ng 10-20 mL 
of.rnethyl iodide solution to the magnesimq, the reaction is started by gently 
warming with a small .flame" 

When the addition of halide is complete (Note 7), the solution is re
flUXed while the rest of one lit-er of ether is slowly dropped in (Note, S). 
This usually causes the appearance of a grey suspension of Grigr.lard reagent 
which settlea rapidly on standing. The entire mixture is poured through a 
glass funnel into the clean, dry tWO-liter' flask (Figure 1) to be used in the 
carbonation (Note 9). 

Carbonation of\ the Gri8n!rd, Reagent 

This operation is performed in the apparatus shown in Figure 1. (Note 10. 11) 

36 0 5 gIilc COolS; mole} of' barium. carbonate (Note 12) is placed in A and 
i;O mL, of hydrochloric acid (2 volumes of acid to I volume of water) in the 
dropping funnel" With B immersed in an ice bath, stopcocks 1, 2 and 3 are 
opened anet the system is evacuated until the mananeter reads its full length, 
at which time stope ock 1 is closed" The evacuation is continued tintil the 
et.her in B starts to boil, when 2 and :3 are closed and the connection to the 
pump is broken in C2.l"der to facilitate shaking of Bo Two individuals are now 
necessary to canplete the operation: one to shake the GrignaI'd m:i.x.t:ure while 
the other controls the liberation of carbon dioxide from. the barium carbonate 
(Note 13). 

By very slow addition of hydrOchloric acid, enough carbon dioxide is 
generated to lower the m.ercury in the left-hand column or the manometer to the 
point. where the levels in the two arms are almost but not quite equal (Note 14) 0 

Stopcock I is' opened, then 2, and the flask B is removed from the cooling bath 
and shaken vigorously in a longitudinal direction. The rapi4 absorption of 
carbon dioxide by the Gclgnard reagent causes the m.ercury in the' left-hand 
column of the manometer· to rise again., From now on, the hydrochloric acid is 
added at such a rate that the pressure in A is kept somewhat below atmospherico 
Toward the end, the hydrochloric acid is added in short, quick charges in order 
to ~tir up ,any 'unreacted barium carbonate on the bottom of the flask, and, if 
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Figure 1 

Carbonation Aeparatus 

c 

1! 

2 

3 

A 
,...-w-- ~ Vacuum 

B 

A~ 500-ml~ 3-necked flask 

Ba 2-liter long-necked flask with stopcock near mouth. 

C 6 D.r:.ying tube, :3 cm. x 20 cmo., containing magnesium perchlorate 

D. 250-m.l~ dropping funnel closed by an ascarite tube 

&4 Manometer, 55 em" frQn bend to bend 

F. Pressure tubing/> Wil"ed on at all joints to glas.8 tubing 

Rubber stoppers are, used throughout 
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necessaryp B is cooled momentarily to lower the pressure of etner vapor. 
Vlhen only 8 ml.' or '~\'fO of acid remains to be added, preparations are made 
to sweep out the apparatus with ail' by cooling B until the mercury level in 
the left-hand column reaches a maximum (in ten to fifteen seconds) and the!l 
closing 2, The funnel stopcock is opened and closed when the mercury levels 
are -nearly equalized" Thereupon~ 2 is opened and B shaken. This sweeping out 
process can be repeated once or twice more or until the pressure difference 
within and without the system becomes smalL 

To decompose the Grignard complex, the rubber stopper in B is l"einoved ,and 
the contents rapidly poured on to one-liter of vigorously stirred crushed ice 
in a fo~liter beaker (Note 15). By means of a funnel, a cooled solution of 
25 ml~ or concentrated sulfuric acid in 200 mlo of water (Note 16) is added 
beneath the ether layer to dissolve the magllesium salts. A stream' of air is 
then directed into the open beaker and t.he ether blown off (Note 1'1) u ' The 
entire operation of carbonation and hydrolysis (exclusive of fi~~l, ~cidifica
tion) should ccnsum~ no more than five or sbc minutes., 

Distillation of Dilute Acetic Acid 

\. The contents 01' the beaker are transferred to a two-liter, three=necked 
flask and the solution treated' with" 100 sm. (a ))% excess) of solid silver 

,sulfate (Note 18) 0 The flask is cOllneeted to the, distiilation assembly shown 
in Figure,2" " 

Fifty m1" of concentrated sulfuric acid" dissolved in 250 mle of water, 
is added to the flask and dissolved ether is removed at~ the water pump at. roan 
temperature (Note 19L \Vhen all the ether is removed, heat is applied (burner)_, 
and distillation ,of a very dilute solution of acetic acid (Note 20) occurs at 
loo",,110.mm. (Note 21) at the rate of 90-100 mL ,per hour, When nearly -all the 
solution in the flask has been distilled (Note 22) ,and a paste of silver sulfate, 
silver iodide and sulfuric acid remain, the distillation is interrupted to add I 

50-100 mL of water, in order to loosen the solid» and the distillation is . 
resumed. This procedure is repeated until all the acetic acid is distilled 
(Note 23). For yield see Note 400 

Evaporation to Sodium Acetate 

The s.pparatus is the same as that shown in Figure 2 except that a 300 mIn, 
th.res~necked rlask seNes as the distilling vessel and is equipped with a on&-
liter dropping funnel and, a capillary air inlet in the canter opening, both 
connected by rubber stoppers., As source of- heat, a glass heating mantle works 
nicely, A three molar excess (Note 24) of sodium. hydroxide pellets (19.5 gnlo) 
1s dissolved in 150 mL of water and distributed as follows: 50 mL into the 
300 ml. flask in which evaporation to sodium acetate is to occur, and the rest 
is distributed proportionally between the containers of the distillate obtSined 
in the previous step. The flask'is fUled three~quarters full ,(Note 25) of ' 
solut.iun and distillation proceeds at 3()...40 lDlll" (Note 26) until a ttdck paste 
of sodium acetate, excess sodium hydroxide and water remains (Not.e 27), 
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. Figure 2 

AeP&ratus for Liberation of Dilute Acetic Acid Solution 

~~s.... 
~ ;; 
~IC 
~ 
i"'" 
v 

Vacuum. Pump, Via B --..,... Two Dry-Ice Traps 

F ---:.-

An' 2-1iter, J..necked nask with rubber stopper in central opening 

Bo I-foot glass column filled with 1" single tum glass helices and 
connected at both ends by ground glass joints 

• C. Friedrich conoonser 

DQ Adapter 

Eo l-liter graduated cyliilder connected by rubber stopper 

F" Capillary air inlet held by rubber stopper 
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, Acidification of Sodium Acetate and Distillation 

The apparatus remains unchanged except that e. smaller receiver is used 
for the dl:stillate" Nith the distilling flask surrounded by a bath at 00 to 
100 C, a solution of 15 JIlL of concentrated sulfuric acid (a ore mL excess 
over that required to neutralize the sodium. hydroxide and sodium acetate) in 
an aqua;t volume of water is gradually added to the flask through the capillary 
air in1et by the application 01' gentle ll intermi.ttent suction at thf!' water 
pump (Note 28)., The water pump is replac~d by an oil pump, and a flore concentrated 
solution of .acetic acid is distilled at 100-130 nlmo until the residue in the 
flask b~o.ll1e's pasty" After cooling (Note 29), the center opening of the flask 
is opened am the walls washed dDwn wi. th th~ minimum. amount of water sprayed 
fran a waeh bottle o Distillation is resumed and the washing down process is 
rep¥t.ed until e.n.alysis mews 'no further increase of acetic acid in the disti1~ 
late (Note 30). For yield see Note 40" 

Ether Extraction and Final Distj.llatlon of Acetic Aci.d 

For the ether extraction,an extractor of suitable capacity (Note 31) if:! " 
equipped with a 200 ml" :round bottom flask and connected to an efficient spiral 
condenser (Note 32) 0 A fritted glass filter plate (medium pore size) with 
stem (Note 33) is placed inside the extractor as shown in Figure 3" 

The acetk acid solut ion from the previcu s step is saturated with solid 
sodi um chloride and add.ed to the extractor to which 1=2 gino of so.lid sodium. 
chlorid.e'is also aQeted beforehand (Note 34) Q 100 ml" of ether (Note 35) is 
placed in the distilling flask' and heating cOlllllBuced., After abwtten mi.nute~ 
small 'bubbles of ether issue from the 'filter plate ina steady stream and the 
extraction is continued for 24 hours (Note 36).; At the end of this time, heat
ing is di. scontinued and tbeapj:.a.ratus is tilted in order to transfer the {'ther 
layer in the extractor column OV'fllr into the 200 ml" flask., By means of' a large 
transfer pfpet operated. by a syringe control, the ether solution of acetic acid 
is carefully transferred to the di stilling apparatus shown in Figure 4,. 

The beaker is filled wRh ice _ter and, to furt.her dir.ri.nish the vapor 
pressure of the distUlate$ the -rece:i ver (Note 37) is also cooled in ice water~ 
The a';, l' outlet is protected by a drying tube c , 

With a boiling stick or a pieee of pOrous plate in the flask, distlllation 
proceeds lSIIloothly and men the temperature reaches 55°-60OC. the receivers are 
quickly changed (Note 38)" Distillate di stilling above 60OC" is collect.ed as 
acetic acid solution (Note 39)., Based on the barium carbonate used, this pro
cedure gives yields amounting to 70 ... 77 per cent of the theoretical (Note 40)., 

, -10-



/' 

'. 

Figure 3-
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Extraction ot Acetic Acid from saturated Sodium Chloride Solution 

D 
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t I ; 

\-, ... / 
A" Extractor, 18C1 ' long. 4 Clnc- diameter at top, 405 1Wn. at bott.an 

BQ 200-ml. flask 

C • Spiral reflux: condenser 

Do- Filter plate stem~ 16" long 
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Figure 4. 

A. l25-ml < distilling flask 

B., 25O-m1, beaker held. by rubber stoppers ~d filled with ice water 

C~ Rubber stopper to hold receiver, has second hole t'or air outlet 

D" 8 mm. glass tubing, 20 c.nlo long 

~ 
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1. This quantit.y of magnesium represents a two-fold molar excess over t.he· 
quantity of carbon dioxide to be used in the carbonat.ion stepo Experiments 
designed to t.est, among other things» t~e effect on yield of v8r,ying the I 

Grignard reagent/carbon dioxide ratio (see Table I) have demonstrated no dif
ference between a four-fold and a two-fold excess of reagento 

'l'able I 

Carbonation of Grignard. Reagent 

Grignal' Duration of Concent.rat.ion Temperature or . % yield of 
reagent C02 carbonation -t of Grigrmrd. (M) bath during acetic acid . hydrolysis (min n ) carbonation (Dc) 

5 25-30 1.8 -40 to *,30 60 

:5 "'" 20 0,,9 . 0 .,.. 25 . 80 

.~ 6 Ou7 o - 25 85 

2 5 
I 

0··35 o - 25 f'!1 

*2 5 0035 o - 25 87.5 -
'it Run made wit.h radioactive carbon dioxide 

'l'he use 01' less t.han 100jf; eltC8S6 c·r Grigriard reagent was not attempted but would 
appear to be worthy of triaL In assessing the effeet on yield of various Grig
nard reagent/carbon dioxide rati06, account. must alao be taken of (1) concentra
tion of reagent, (2) time necessary to consummate carbonation and hydrolysis,. 
and (3) tem.perat.ure during carbonationo The influence of these other -factors 
have .not been eva.luated individually· but the evidence at. hand indicates higher 
yields8.re found With shortened reaction time and lower Grignard reagent coneen
trat.ion. 

~ The funnel is of 500 Mo ca.pacity and is of the type bearing a oonnecting 
tube .hich equalizes the pressure over the liquid in the funnel with that, in the 
reaction flask, 

I -- .,.--_. ------.•.• -----. - .• ---•. - .. - .. - _. -_ .. 

\~ The drying tubes in these e:xpel'imenta ma;y be filled with calcium chloride 
lor any sui t.3.ble <1e~~~c~t ~._. __ .. _ 

4" The condenser is previously dried with a stream of warm air., - . 

i.:;. )ler(;k "Anhydrous" ether3 dried over sodium., was used. 

~ Eastman K~dak product used directly Without further purifica.tiono 
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7..:. ,If any large pieces of magnesium l'3!llain undissolved small increments of 
methyl iodide are added to complete the reactiono 

8" The alternative pro,ced,ure is to pour the Grignard solution into the car
bonation vessel befoTe.adding the rest of the ether", Small particles of un
dissolved magnesium can be rem~ved by filtration through loose glass woolo . 
9. When the Grignard solution is not to be used immediately, the f'lask is 
Closed with the wired~on rubber stopper bearing stopcock 2 of Figure 1, and 
allowed to stand ,overnight at room temperatu re 0 ' 

,10~ The stopcock 3 can also be inserted anywhere in the line between 1 and 2 • 

.!1.:. HOll much, if any, carbon dioxid~ is adsorbed in the drying tube i~ 'unknown" 

• 
12. , Barium carbonate was freshly prepared by the reactj.on of potassium carbonate 
With barium nitrate" The precipita.te was washed three times. by decarAtation and' 
then again thoroughly on the BU.chner funnel, i'ollowed by overnight drying at 
1100 C", Barium carbonate prepared in this way evolved at least 99.3 per cent of . 
the theoretical quantity or carbon dioxide o When making a radioactive run, the 
active barium carbonate is .mixed with the desired amount of carrierQ 

13. .If a suitable shaking ma9h1,.ne is available the carbonation can be carried 
out by one person: However, the ra.pid transfer' of flask B from the ma.chine to 
the cooling bath and ba~k again in the later stages of the operation may be 
awkward and certainly time-consuming <> 

140 To minimize loss of carbon dioxide by leakage" the' carbonation is performed 
sf sub...atm.ospheric pressure 0 ' In the c ourso of adding the hydrochloric acid, the 
pressure in flask A will (Jcca~ion.sbly rise above atmospheric, but vigorous shakL"'lg 
of flask B rapidly reotifios this condition", 

12.:. It was found 'advantageous to pour the GrignaI'd mixtt'-Te into ice = ~ into 
ice and acido The fon:ner procedure generates less heat" is cleaner, permits 
much faster pouring of the ether mixture and avoids fOlfl..ming of the ethero 

160 Sulfuric acid is used because its lower volatility precludes complications 
rn-the subsequent distillation stepQ The use of undiluted acid usually liberates 
.free iodine ~ which d.i.stills in the next step if its preeipi tatioo by silver 
sulfate is incomplete~ 

17. From the standpoint or safety it would probably be better to remove the 
ether (and possibly any radioactivity) in a distillation apparatus" 

\ 

18 0 Silver sulfate precipitates the iodide present as silver iodide and prevents 
hydrogen iodide from distilling over ~i.lth the acetic acidQ The salt is prepared 
from silver nitrate and sulfuric acid, followed by thorough washing by decanta-
tion and overnight drying at 110oCo . 

19. Removal of ether must be done very carefully to prevent the eolution from /' ' 
foaming up into the fractionating colUmn and over into the'receivero Very nice 

=14-' 



" 

control of the applied vacuum is obtained by placing one finger over the air 
inlet into the safety flask which immediately precedes the water -aspirator 
in the vacuum assembly" By judicious raising or lowering of the finger the 
ether can bo boiled out of the solution without mishap. 

200 The silver iodide slurry shoWs a strong tendency to bump. Both the flask 
i'ild the column should be securely clamped to some rigid support in order to 
prevent loosening of the apparatus.. It was obsel"lfed that bumping was most 
vigorous_at the start of the oper.ation but bumping-over accidents have 
happened even after as much as half of the solution was distilled overo 

21. After removal of the ether,!) change-over to an oil pump is advisable be
C;;-se it is not subject to the fluctuations of the water pump~ Wi,th the aid 
of a manostat the distillation ca.n be performed at any constant pressure in 
the range 75 to 130 mm. If the pressure is-too low the condenser may be un
able to handle the vapor flow and some product may have to be recovered from 
the dry-ice trap where it may becane contaminated with iOdine (see Note 22). 
When the pressure is t.oo great.di stillation is slow~ , 

22. Heating should be discontirmed before the sulfuric acid becomes so concen
trated that it di stills,,· Although sulfuric acid in the distillate can do no 
hann it makes analysis and calculation of the yield of acetic acid impossible 
by the simple titration technique used hare Q A further deterrent t.o prolonged 
heating is the par:tial decomposition of the solid to yield free iodine' which, 
in small amounts, is condensed in the dry-ice tra~ but in large amounts, may 
dissolve to aome extent in the distillate.> 

~ The progress of the d.istillation is followed by alkalimetrie titration_; 
A 25 to 100 microliter aliquot, dissolved ;\.n water and treated with 10 micro.. 
liters of phenolphthalein solution, is titrated on a-small spot plate with 
0 0 02 - 0.,03 N sodium hydroxide solution drawn from a one=mL burette 0 A blank 
correction is ma<1e c • 

• 240 To minimize hydrolysis of sodium acetate during the distillation an excess 
or sodium hydroxi<1e is used. No experiments were perfonned;l however, to deter
mine if a smaller amount oj; alkali would do as \'felL In the follOWing operation 
of acidification and distillation, a smaller residue of sodium sulfate in the 
distilling flask would probably facilitate recovery of ~cetic acid" 

~ It was observed that distillation proceeded more rapidly when, the. distill= 
'ing flask was kept at least three~quarters full of liquido Here~ too, careful 
attention is demanded if bumping accidents are to be preventedo 

• 
20u DistUlation was performed at this low pressure in order to minimize' 
hydrolysis of s:>dium. acetate due to excessive boiling temperatures" Under these 
conditions, the di stilling flask .was barely warm to the hand, but got hotter 
toward the end of the operation as the alkali co.ncentration increasedu The 
increase in boilirg temperatuI'lS wa~ thus compensated by an increase in alkali 
conCentration 0 

'Z/.The distillate thUB obtained was neutral and is presumed to contain the 
resirue of carbon (probably as tertiary butyl alcohol) which failed to appear 
as acetic acid in the ca'rbonation Btep~ 
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28. Since heat and vapors (water and acetic acid) are generated in the acidi
fICation it is recommanded that the flask be stoppered during the addition of 
the acida This can be done very neatly by adding the acid through the capil...l.ary 
inlet u.sing the suction technique described in Note 19" . 

29. In a dead lUn a strong odor of acetic acid was perceptible when the di,s
tilling' flask was opened, even after coo~ to r_ooDl tem.perature~ Therefore, 
in making a radioactive run, the use of a gas mask is very strongly indicated , 
at this paint... start.1ng bere and thrwghout the re$indel" of tbe procedure, it 
'Was the author' 6 policy to wear the gas mask whenever a vessel containing 
radioactive acetic acid was open to the atmospherea During the carbonation 
step, t.be same precaution was taken against the' possibility of breakage, since' 
shaking of the Grignarcl . .mixture was done largely outside tbe bood. Rieh 

, velOCity boods were used th roughout this work. . 

:30. For the success of the subsequent ether extraction it is import"",nt to keep a:r-a JIli-'Um.wn the ,water concentration of the acetic acid, since ether extracts 
water AS well as the acid.. This entails a compromise between total yield and 
concentration or the product acid. Experiment demonstrates, for axBJI1ple in 
tbe case of the radioactive run made ,by the authQr, that 8001 per cent of the 
theoretical yield of acid was found in the first 89 mlt of distillate while the ' 
distillation ot' 45 additional mL realized 80 increase of only 203 per cent 'in 
"yield" In the interest of increased purity (with respect to water) of the final 
prOduct it is recommended that such residues be left for"separate recovery or 
re-cyc1ed in later runSo 

3l~ For production work a set of extractors of varying ~apacity is delilirable 
so' that any volume of distillate' can be bandled" 

32.. If an inefficient condenser :i.s used, or if the condenser water is f.oo warm, 
the ether may evaporate and bring the extraction process to a standstilL When 
this occurs tbe operation can be resumed by simply adding ether through thEf top 
of the condenser and continuing tbe heating" 

Jl:. The minimum length of stem necessary to insure a· sufficient bead of- ether 
depends on (1) the height of the eter layer and (2) the cleanliness of the . 
filter plate surface. Cleaning with concentrated sodlum hydroxiqe followed by 
tborough rinsing with water (but not acid) was i'cund to give a surface from 
which small bubbles of ether rose in quantity" For a 505 incb aqueous layer a 
sixteen inch stem was sufficient_, 

~ Since no experimEnts were performed with other eaJ."'lng-out agents, there is -
no reason to believe that other wbstances liould not func1;,ion as well as, or 
better than, sodium cbloride. A substance pennitting more rapid extraction of 
the acid would probably inhibit tbe concomitant extraction of water" leading to 
a purer product. 

~ 1'"nis ether is cleansed or. alcohol as well as water" See Fieser, Experi
ments in Organic Chemistry, second edition, Pq 360-1, D~ 'c. Heath & COa, Boston, 
1941. 
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36. In a dead run extraction for twenty-six hours of a. solution of 10 gJD. .. of 
acetic acid in 70m.l o of salt solution" a. 98,,5 per, cent. recovery was obtained .... 
In a t.en-hour run a 95 per cent recovery is possible. Here again one must 
strike a canpromise between yield am pur! ty in deciding how long to continue 
an extraction., Prolonged extraction, "hila imprwing the recovery of acid, 
increases the water concentration of the final product. 0 The availaole evidence 
on th'9se points is collected in Table II. 

Table II 
/' 

Ether Extraction of Acetic Acid from Saturated Sodium Chloride Solution 

Gm" of Volume of salt Duration of % Recovery Purity (% 
Acetic Acid sol tn. of acid (ml.) Extraction (hrs,) of Acid by volume) 

9~6 -- 70 1 10 94-Cfl , ----

10 .. 5 - 70 ' - 10 94 ...... ---
, 

10,4 "" 70 26 98.5 86 
• 

*9 .. 0 .....,170 24 9) 78.5 , 

-- --_ ... _ .. __ ._._.-
----~ 

*Radioactive run 

37 Q For converii~nce In mea6Urement a. graduated ten-.ml~ cylinder with a 19/.38 
ground glass joint was used a,s receiver." 

380 In a dead run the first perceptible odor of acetic acid was noticed when 
tile vipor temperature was 60-7000, and it was decided to collect everything 
above bOOC as acetic acid solution " In the ram oacti ve run ninety per cent of 
the distillate boiled above l050C and &bout fifty per cent of the total distilled 
between llb" and. wOC {bop" of aceticacid}l 118.2OC)4 , 

,~ The final product eonsists of a water solution of acetic acid with possibly 
a trace of ether. After analysis, an anhydrous prOduct is obtained by adding 
the calculated weight of anhydrous benzene and removing the water by azeotropic 
distlUationo Benzene and _ter fom a heterogeneous C .B"M., containing tL 9 
per cent by weight of water and boiling at 69" 3°C , Benzene also forms a O"Bc\f" 
with acetic acid containing two per cent bw weight of the latter and boiling at 
8O~050CJl while benzene itself boi.ls at 8O"lOC" Therefore~ to prevent +058 of 
product, preCisely the weight of benzene uiust be used which will remove only the 
water~ In a dead run distillation of a 92 per cent (by weight) solution of 
acetic acid through a five 'inch column of 1/8 inch single-turn glass helices 
with the calculated weight of anhydrous benzene~ a 9205 per cent recovery of 
acetic acid of en per cent purity was accomplished.. The impurity is undoubtedly 
benzene" ' . 

400 In the radioactive run made by the author a fir411 overall yield of aeventy 
per cent was, obtained" Broken down stepwise, the following picture of the overall 
process emerges: 

~ 



'" 

~ 

. Table III 

Stepwise TabUlation of Yields 

Operation 

Carbonation and 
Distillation 

Acidifica:tion ot Na 
acetate and Dist'n. 

*Ether. 5Xtraction. 

FinaJ. Diet r n " of 
Acetic Acid Solution 

Overall 
---....... .. ! 

Per c.ent ;yield calc t d~ 
on material submitted 

to each operation 

8'1 .. 5 

93 

90 

96 

70 

Per cent 108S of total 
theoretical yield 

12., 

" 
'\ 6,>~ 

8 

3 

30 

" 

-. I 

(;al~ated frolll the amount of acetic acid which remained unextracted in the 
aqueous phaseo 

"I-

1(. is seen that. ether extraction from a large am.ount of water solution (-170 ml.,) 
in only twenty-.four hours entails an eight per cent -1088 in total yield" As 
SllOwn in Table n (Note 36)., extraction from ,..,70 mL ·of salt solution for the 
/lame length of time pennits recoveries of 9tL5_ per cent" On this basis, and 
lJ.ccepting the efficiencies of the other steps as sllown above, a ma.xi.m.wn yield 
of 77 per cent of the theoretical is attainable by the procedure describedc All 
residues are in a recoverable or ~cycleable fonno 

-18-
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The properties of the radioactive acetic acid prepared by the author 

Weight of Solution 
Weight of Acetic Acid present 
Volume of Solution 
Per cent Purl t,., by volume 
Per cent Purity, by weight 

9c35 gill., 

7c78gm" 
9n6 1110 

78 0 5 % 
8.301 % 

A 10026 microliter aliquot. of the solution requiTeS O~;70 ml .. of Oo024:? 
N sod Wn hydroxide..' . 

The specific activity of the_solution has not been measured o 248 micro
curios of. radicactive carbon (on basis of .revised half-life) were sutmitted to 
carbonatioDQ ASSuming that the radiochemical yield parallels the chemical 
yield" the acetic acid solution contains 174 micro curies of carbon" 

\ . ' 

The original description 01" the preparation of radioactive acetic acid 
may be found in Clt-l2O(>J/ PPo 81-91" 

=19-



.' 

.' 

)ion C··174 

.';:< .. ~-: 
APPENDIX 

.... ,... 
E:g>erim.snt.s on the Preeration 01' Acetll Chlo1"ide 

since acetyl chloride is an import.ant intermediate in the synthesis of' 
Iiuiilerous substances, notably ethyl alcohol, some effort. has been directed 
toward establishing the experimental conditions for its facUe preparation 
,in good yield before attempting a radioactive run.... Following the directions. 
Of .. Clark and Bell (1) 3 10 !Po,. of acetic acid was reacted with Pl0sphorous tri-

, cl".loride and zinc c~lor:f..de in the molar ratio of '1:O~6:0 ... 2" Decantation ot'" 
t.he supel'D&tant. layer tollOlfed by distillation afforded 11.44 gm. (87 c 5 per 
cent of' the theoretical yield) of material. boiling at 49-510 0 0 This pro
cedure has not yet been tried on a smaller scale" 

Six. experiments on the displacement oftha equilibrium between acetic 
acid am. an excess of benzoyl ChlOrlde)ha.ve uS) been perf'onned, followi~ 
tbt general JZ'ocedure of He C .. Bram(2 and with results in substantial 
accord with those publiebedQ On a three gm. scale: acetic acid (or an 8.3 
per cent so~t1on in water) was warmed with 60 mL of distilled benzoyl 
chloride in a distilling flask and the' emergent vapors collected in a re
ceiver immersed in a dr.Y ice acetone bath 0 It was observed that a 'Very vola
tUe.liquid collected along with the acetyl chloride. After spontaneous 
evaporation of the'volatUe material a yield of 82-86 per cent of crude acetyl 
chloride ,remained •. Collected separately, the volatile substance boiled (with 
porous chip) over a wide 'range 0 Vigorous ebullition cOlllmenced at -60 to -50OC 
and continued with diminishing vigor up to about ~10 to OOC when very small 
bubbles continued to issue in a rapid strea.m( from the boiling chip. At the 
present time the identity of this material is unknown. . , , , 

:.' For the original description of t:'lis work see ClP1206.lO pp. 16--17 and pp. 
92-107. 

.~~. t 

,I 

(l)ciark and Bell, Trans? Roy. Soc. Canada, (3) Zl' III, Cfl-104' (1933) 

(2)8" C. BrQwn, J. Am~' Chem" Soco~ ,§Q, 1325 (l938) 
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