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A direct spectrophotometric titration 
of water in glacial acetic acid based 
on the sulfuric acid-catalyzed hydrol- 
ysis of acetic anhydride has been ap- 
plied to the determination of water in 
the concentration range 0.009 to 1.7%. 
The relative merits of sulfuric and per- 
chloric acids as catalysts and the 
mechanism of the catalysis are dis- 
cussed. 

ATER has been determined in 
glacial acetic acid in a number of 

ways. Toennies and Elliott (8) de- 
veloped a polarimetric method based 
upon the reaction of excess acetic anhy- 
dride with water in glacial acetic acid in 
the presence of perchloric acid as a 
catalyst. They reported an accuracy 
to  about 1% for water contents in the 
range 0.1 to  0.670. 

Hoover and Hutchison (6) used sul- 
furic acid as a catalyst for the acetic 
anhydride-water reaction in the deter- 
mination of water in fuming nitric acid. 
The solvent was glacial acetic acid, and 
the equivalence point was detected 
conductometrically, using a high qual- 
ity conductance bridge. The over-all 
change in conductance from start to  end 
point was small, usually about 10%. 

Greathouse, Janssen, and Haydel 
( 5 )  determined the amount of water in 
acetic acid using perchloric acid as thc 
catalyst for the acetic anhydridewater 
reaction. They determined the quan- 
tity of water hy two thermometric 
methods. In  the first, the rise in 
temperature on addition of perchloric 
acid to the mixture of acetic acid, water, 
and excess acetic anhydride was de- 
termined. In the second, the excesb 
acetic anhydride was determined by 
back-titration with water. Both pro- 
cedures compared favorably with the 
visual Karl Fischer method. Grcat- 
house, Janssen, and Haydel (5)  sum- 
marized other techniques that  have been 
proposed for the determination of water 
in acetic acid. 

A direct spectrophotometric titration 
procedure for water in glacial acetic 
acid is based upon the sulfuric acid- 
catalyzed reaction of acetic anhydride 
and water. The spectrum of acetic 
anhydride in acetic acid has been re- 
ported by Bruckenstein ( I ) ,  who de- 
scribed a procedure for determining 
trace amounts of water in acetic acid. 
This technique is based on the reaction 
of excess acetic anhydride with the 

water at 100’ C. for 90 minutes in a 
spectrophotometer cell fitted with a 
ground joint, and the determination of 
the unreacted acetic anhydride by ul- 
traviolet spectrophotometry. This pro- 
cedure, while extremely sensitive, is 
time-consuming. The accuracy of any 
procedure based on determining the 
excess acetic anhydride is impaired by 
the addition of too large an excess of 
acetic anhydride. As a consequence, it 
is not uncommon for several additions of 
acetic anhydride to  be made before a n  
excess is found. The direct titration 
technique does not suffer from this 
limitation. 

The absorption of acetic anhydride 
obeys Beer’s law in the range 250 to  
260 mp. Because mixtures of water, 
acetic acid, and sulfuric acid do not ab- 
sorb appreciably in this wave length re- 
gion, the absorbance of a water solution 
changes only slightly prior to  the equiv- 
alence point on the addition of acetic 
anhydride, and then rises linearly with 
the concentration of excess acetic anhy- 
dride. Extrapolation of this line back 
to the blank absorbance yields the 
equivalence point. 

Sulfuric, rather than perchloric, acid 
is the preferred catalyst for the hydroly- 
sis of acetic anhydride in glacial acetic 
acid. Even though perchloric acid has 
a dissociation constant 234 times that  of 
sulfuric acid (2) and appears 16 times 
stronger on the basis of indicator meas- 
urements (B), Yvernault (9) found 
sulfuric acid a more effective catalyst, 
provided the water concentration is less 
than 0.5ilf. He postulated the follow- 
ing mechanism for the hydrolysis: 

k 

k‘ 
ki 

HX + A c t 0  e AcX + AcOH (1) 

AcX + H?O --c HX + AcOH (2)  
HX + HzO e HzO.HX (3)  

equilibrium 

which yields the following expression for 
the rate of hydrolysis V ’  ( - y) : 

where K is the equilibrium constant for 
Reaction 3 as written. At 25”, k2 2 
IO4 liters/mole/minute, k’ 2 0, k = 141 
liters/mole/minute, and K = 4.8 for 
sulfuric acid; a t  17”  kz  = IO4 liters/ 
mole/minute, k’/k’ = 0.16, k = 354 

liters/mole/minute, and K = 26 for 
perchloric acid. It is apparent that  the 
apparent reversal of acid strength as 
shown by Yvernault’s kinetic studies 
results from the more rapid reaction of 
acetyl perchlorate with acetic acid as 
compared to  the reaction of acetyl bi- 
sulfate with acetic acid. Further evi- 
dence supporting Yvernault’s mech- 
anism is presented in the section on 
kinetic studies. 

Besides being a better catalyst, sul- 
furic acid has a practical advantage. 
Concentrated sulfuric acid contains 
about 0.2 mole of water pcr mole of acid 
compared to  72% C.P .  perchloric acid, 
which contains about 2 moles of water 
per mole cf acid. If the concentrated 
C.P.  acids are uscd as the catalyst, less 
water is introduced into the reaction mix- 
ture by sulfuric acid. Xaturally, when 
extremely small amounts of water arc 
determined, it is necessary to  dehydrate 
the catalyst, using acetic anhydride 
equivalrnt to the water present in the 
acid. 

REAGENTS 

Acetic Acid. Acetic acid was puri- 
fied according to  the method of 
Eichelberger and LaMcr (d) ,  which in- 
volves preliminary treatment of a C.P. 
material with chromium trioxide, drying 
with triacetyl borate, and finally frac- 
tional distillation. On onc occasion the 
triacetyl borate step was omitted, and 
the acetic acid dried by addition of 
C.P. benzene, followed by fractional dis- 
tillation. The benzene technique gave 
results equal to the trizcetyl borate 
method. The w.ater ccntcmt of the 
acetic rcid m s  dcterniined by the Karl 
Fischer method, thc uncatalyzed spec- 
trophotometric procedure (I), and the 
sulfuric scid-c::talyzed spectrophoto- 
metric titration procedure. L‘sually the 
solvent contained no more than 0.02% 
water. 

Acetic Anhydride. A C.P .  product 
was used as titrant and standardized as 
described under “Experimental.” 

Perchloxic Acid. A 1M stock solu- 
tion in acetic acid was prepared by 
dissolving the required amount of 72% 
concentrated arid in acetic acid. Then 
95% of the theoretical amount of 
acetic anhydride required to  react 
with the water in this acid mixture 
was added to  the chilled a.cic! solution. 
The water content was determined and 
99% of the qusntity of acetic snhydride 
required to  react with this residual water 
was added. This tcchniqut ensures that 
an excess of acetic anhydride is not 
present in the acid, and reduces the 
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Table 1. Sulfuric Acid-Catalyzed Hydrolysis of Acetic Anhydride 

2 . 8 2  0 081!l 
2 . 8 5  0.0:322 
i . l l  0.0:35s 
i . l l  0.0348 

1 1  2 0.034x 
15.2 0,0328 

Concentration of Water 
0.47QM 

[ HISO, ] 
X lo3 [H&O,]/k"a 
3 57 0 0203 
3 58 0 019; 
i I 4  0 0175 

11 2 0 0185 
11 1 0 0158 
'8 2 0 0160 

0.0180 f 
0 .  0016 

0,0205 

0.250M 
[ H W d  1 
X 10' [ H 2 S 0 r ] / k W a  
3 24 0 0111 
3.64 0 0134 
3.60 0 0135 
i 26 0 0118 

14 G 0 0116 
14 5 0 0114 

0.0122 f 
0.0006 

0.0141 
d Il l  [.4C?O] 

dl  
(I 7' = 21.70 c., k" = - - 

* (':ilciil:tted from Yvcmault's (:)) data a t  25". 

, t in  minrit,es. Initial concentration of acetic 
aiiti!.tlridc* varied from 0.01 to 0.0;;rtl. 

\vator content to a ntgligiblv lei.cl. The 
;icitl \vas standardizcd against potassiuni 
:icitl phthalatc in acetic acid as :t solvent 
using p-naphthollwnzt4n as indicator. 

Sulfuric Acid. .4 2 M  stock solution 
of sulfuric acid in aretic actid \\-as pre- 
parctl by adding the r rquiud  amount 
of concentrated sulfuric acid to acetic 
acid. A portion of this arid was t h w  
dvhydratetl as descsribrd for I)ercliloric 
acid. Both the "welt" and dvhydrnted 
sulfuric acid solutions \vert standard- 
izcd against potassium acid phthalate 
i n  acrtic acid as a solvenl using p -  
nxphtholbenzein. 

APPARATUS 

A Uwkman DU spbctrophotometer 
quipped with a lead storage cell, photo- 
multiplier attachment, and Hclckman 
adapter for recording transmittance as 
a functibn of time a t  constant wave 
h g t h  was used. A Mosclt.~. Model 2 
Autograph equipped with a mcc*hunicrll 
time base was used to record t,lic, rcwdts 
of all the rapid kinetic studies. 'The ccll 
compartment of the Uecknian sprctro- 
photometer was equipped with l'hcimo- 
spacers. The temperature of the com- 
partnicnt was controlled at 24.7" f 
0.2" unless otherwise stated. 

One-centimrtw square silica cc,lls 
equipped with ground-glass joints func- 
tioncd both :is spcctrophotonietc,r cells 
:rnd as rcwtion vessc.1~ of approximately 
3-nil. cap:wity. 

Gilniont ultramicroburets of 0.01-, 
0.1-. :tnd 1.0-ml. capacity w r e  used as 
ll(YY Ior l .  

A dr). box equipped with an entry port 
:ind two glove ports was uscd in per- 
forming ttic manipulations involvod in 
thc spcctrophotornc.tric titrations. A 
wntrifugal b lowr  circulatrd air from 
one cornvr of the dry box nvrr silica 
gel and exhausted th(, dried air back into 
the dry box a t  the point most dist,ant 
froni the intake. 'I'hr amount of atmos- 
pliwic moisture introduccd in the act of 
tmnsfm-ing the sl)r,(.troptiotoiiietcr cell 
in and out of the dr!. box \\.:IS so small 
that it was unncbccmtry to \\.:lit for this 
tr:ic.cJ of nioisturc, to 1~ rcmovcd t)cforo 
procwding with tht) ncwbssar>- manipu- 
lxtions. 'rhc Iios was larg(' rnougti to 

hold thrw ultraniicrolxmts comfort- 
ablj.. 

EXPERIMENTAL PROCEDURE 

Spectrophotometric Titrations. 
About 3 nil. of acetic acid was trans- 
ferred to  a weighed I-cm. square silica 
cell in the dry box. The stoppered 
cell was then removed from the dry 
box, weighed, and replaced in the dry  
box. Then 0.1 ml. of 2 M  sulfuric acid 
catalyst was added to  the cell using 
an ultramicroburet. The absorbance of 
this solution was determined with refer- 
ence to pure acetic acid a t  some' wave 
length in the range 250 to 260 mp. 
The wave Icbngth chosen (usually 256 
mp) depended on the conrentration of 
water in the acetic acid. The cell was 
returned to the dry box, and arc6c 
anhydride added from a 0.1- or a 0.01- 
ml. ultramicroburct. 'I'hr cell was again 
removed from the dry box and thp 
absorbance was rcdrtcrrninctl. 'This 
entirt, procedure was rcyc'atctl until a 
complete titration line was ohtaincd. 
Results \ver(B not reproduc,ible u n l w  a 
dry box was used. For exarnplc, un-  
stoppering the si1ic.a cell for 30 srconds 
in the open 1:thoratory after the equiva- 
lrnce point h:d been passd  resulted in 
a tlccreast, in the :thsorbuncr of acrltic 
anllydr.idv by an :iniount oquivalvnt to 
0.5 mg. of \vat(br. S o  such difficulties 
wore o t ) s c n d  whrn  tho d r j .  1)ox W:LS 
usrd. 

Kinetic Experiments. All kinc,tic 
(.qwt'iments w r e  c:ii,rid out in the 
prcwncst .  of a large' c.y('ess of n.atc.1, o v ~ r  
that  of acetic. anhytlriclcn, so that  thts 
use of a dry box was not nrressat'y 
whcn addition to  t h v  sptvtrophotoni- 
cter c ~ I 1  was tnack. Thi, ccsll was f i l l (d  
with a knoivn Wright of xctltic arid- 
nat,c.r mixturc and a l lowd to i ,ench 
tc, ni pc ra t u rc in t h (7 

t hermos ta tetl cell corn part men t . Acv- 
tir anhydride was then : t d r l d ,  the re- 
cording adapter adjusted. and the acid 
catalyst added. The stopprred crll was 
shakrn vigorously for 10 srconds and 
rtturned to the ccll romp:trtment and 
th(, tr:?nsniittancc-timc, curve was re- 
cordctl. ' I ' h ( k  100yG tr:imriiittance and 
the tiark currrnt w i - e  chcckd every 60 

e q u i li b r  i u in 

seconds in t,he first few experiments, but 
this was unnecessary when the instru- 
ment was operating properly. Ordi- 
narily t'his check need be made only after 
about 3 minutes. 

Standardization of Acetic Anhy- 
dride. A blank titration was pcr- 
formed on a sample of acetic acid 
containing 0.1 ml. of 2 M  sulfuric acid. 
A known amount of water was added 
to  the cell from a 0.01-ml. microburet 
and the added water titrated a t  256 
mp. The titer of the a,cetic anhydride 
was calculated from the difference in 
this end point and the blank end point. 
Usuallj. a separate blank titration was 
not needed in the standardization of 
the acetic anhydride. because the end 
poi-nt obtained after titrating a routine 
water unknown served as the blank. A 
sample of C.P .  acetic anhydride showed 
a negligible change in titer over I 
month when storcxd in a tightlj. stop- 
pered bottle. The titer found for the 
acetic, anhydride used in this work was 
0.1798 * 0.0003 ml. of water per ml. of 
acetic anhjdritlc bawd on quadruplicate 
det,erminations. 

Determination of Water Content of 
2.OM Sulfuric Acid. A blank titra- 
tion was pt'rformed as in the stand- 
ardization of acetic anhydride and 0 . 2  
mi. (or mor?, depending on water 
content) of 2 M  sulfuric acid added. 
This was titrated with acetic anhy- 
dride and the water content calculated 
froni the diffei,ence between this end 
point and the blank end point. 

EXPERIMENTAL RESULTS 
A N D  DISCUSSION 

Kinetic Studies. The sulfuric acid- 
vatalyzed hydrolysis of acetic anhy- 
dride was studied a t  24.7" to  verify 
the results of Yvcrnault (9) a t  10 to  
about 100 timcs larger acid concentra- 
tions. The experimental results agree 
well with those calculated from Yver- 
nault's data (Table I). 

Sulfuric acid has been studied po- 
tentiometrically in a cell with liquid 
junction using thc chloranil electrode as 
hydrogen ion indicator electrode ( 2 ) .  
In the latter study it was found that 
sulfuric acid is only slightly dissociated 
with a pK equal to 7.24. If the acetic 
anhydriclc hydrolysis is hydrogen ion- 
csatalyzed, thv function [H2SO,]"*/k" 
ratlicr than [H2S04]/k" should b(1 con- 
stant. 

Tiic lattc>r funrtion is constant, 
sho\ving that the catalysis involvrs un- 
clissociatcd sulfuric acid, as was first 
proposvd by Yvernault (Tablc I) .  

The perchloric aviti-catalyzed hy- 
drolysis of acetic anhydride was studied 
hriefly a t  30.0" (Tablc 11). KO quanti- 
tative comparison is possibltb with Yver- 
nault's work, since he presents numerical 
results only a t  17". If the value of thc 
equilibrium constant for Rraction 3, 
K ,  is assuniod to br 34 (3 ) ,  it is found 
using the data in Tablr I1 antl Equa- 
tion 4 that k = 1360 litc~rs/inolr/minutc 
antl k ' / k ,  = 0.09. h brief study of the 
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temperature dependence of the over-all 
rate of hydrolysis of acetic anhydride 
indicates that  the rate decreases about 
twofold for a 5 ”  decrease in temperature. 

In  this case, as with sulfuric acid, 
potentiometric studies (2)  of pFrchloric 
acid show it is a weakly dissociated 
compound in acetic acid, pK = 4.87, 
and support the view that  undissociated 
perchloric acid is the principal acid 
catalyst. 

This conclusion is also supported by 
the addition of sodium perchlorate to  a 
perchloric acid solution and noting the 
change in rate of hydrolysis. Qualita- 
tively, it  is predicted that  the concentra- 
tion of hydrogen ion should decrease 
because of the repression of the disso- 
ciation of perchloric acid by perchlorate 
ion arising from the added sodium per- 
chlorate. The actual decrease in hy- 
drogen ion concentration on making a 
3.27 x 10-3JI perchloric acid and 
0.0926.V water solution 0.10OX in 
sodium perchlorate is calculated using 
the methods described earlier (3). The 
calculated decrease in hydrogen ion 
concentration is 5070, while the ob- 
served rate increases by about 12%. 
The observed slight increase rules out a 
hydrogen ion mechanism and may be 
caused by changes in activity coefficients 
of ion pairs and undissociated molecules 
present. 

Choice of Wave Length. As re- 
ported ( I ) ,  a maximum is observed in 
the  spectrum of acetic anhydride dis- 
solvrd in glacial acetic acid. The  
molar absorptivity found using a Cary 
recording spectrophotometer was 36.6 
liters/mole/cm. Because the  slit 
51 idth of the  spectrophotometer was 
opening rapidly and was wide open 
at 250 mp (2-cm. cell path), the accuracy 
of the reported molar absorptivity could 
not be high. By using the Reckman 
DU and a 1-cm. light path it was usually 
possible to  make measurements a t  15 ave 
lengths as low as 248 mp before the slit 
was wide open. S o  maximum absorb- 
ance for acetic anhydride was observed 
with the Beckman instrument; instead 
a continually increasing absorbance was 
found as the wave lrngth was decreased. 
The differrnce in t h c  observed spectrum 
may be associatd with the recorder 
rc’sponsc and/or the rate a t  which the 
slit opens on the Cary instrument in the 
rrgion whrre acetic anhydride starts to 
absorb strongly. 

B e d s  law was found to  hold in the 
rrgion investigated, 250 to  260 mp. 
S o  absolute molar absorptivities are re- 
ported, as they are obviously dependent 
on the slit width of the instrument. 
For the purposes of a spectrophoto- 
metric titration this dependence is of no 
consequence, if wave length and slit are 
unchanged during the titration. I n  
the experiment described below, it was 
necrssary to change the wave length and 
slit settings. Care was taken to  reset 

Table II. Perchloric Acid-Catalyzed Hydrolysis of Acetic Anhydride 
Concentration of Water 

0.926M 0.463M 0 . m  
C H C l O l  CHCIO,  C H C l O ,  
x io3 C H c l o , / k “ ‘ 5  X 10’ c H c I o , / k ’ ” a  X 10’ CHCIO, /~”” 
3.27 0.0263 3.27 0.0156 1.13 0,073 
6 .54  0.0263 6 .54  0.0142 3.27 0.076 

13.1 0.0260 13.1 0.0148 6 .54  0.079 
[HClO,]/k”’ 

Mean 0.0262 f 
o.Ooo1 

0.0149 f 
0.005 

0.076 f 
0.003 

T = 30.0’ C., k“‘ = zd lnd~Aczol,  t in minutes. Initial concentration of acetic 
anhydride -0,OlM. 

Table 111. Determination of Water by Spectrophotometric Titration at 256 mp 
Sam le Water, Water, pl. Val. yo VOP. 

Expt. C’alcd.a Ml.2 Taken Found‘ Difference 
1 1.670 2.408 40.21 40.31 +o.  10 
2 1.670 2.426 40.52 40.73 $0.21 
3 1.670 2,408 40.21 40.27 +0.06 
4 0.836 2.991 25.00 24.96 -0 .04  
5 0.836 2.995 25.04 24.99 -0.05 
6 0.836 3.001 25.09 24.97 -0.12 
7 0 436 2.974 12.97 13.00 $-0.03 
8 0.436 2,971 12.95 13.04 +0.09 
9 0.436 2.972 12.96 13 07 s o . 1 1  

10 0.177 3.000 5.31 5.23 -0.08 
11  0.177 2.870 5.08 5.12 + O .  04 
12 0.018 2.749 0.495 0.495 0.OOO 
13 0.018 2.900 0.522 0.530 + O .  008 
14 0.018 2.820 0.508 0.526 +0.018 

a Calculated from water content of “anhydrous” acetic acid and volume of water 
added to this acetic acid. Anhydrous acid used in r p a r i n g  samples used in experi- 
ments 1-11 was analyzed by the Karl Fischer method wit visual end point. The anhydrous 
acid was analyzed spectrophotometrically in ex eriments 12-14. * Volumes calculated from weights of acid taEen. 

0 Corrected for water added with sulfuric acid catalyst. 

after each addition of acetic anhydride. 
The lower the wave length used, the 
higher the slope of the excess reagent 

0.8 - line. The observed end points a t  250, 
254, and 260 mp were 0.00131, 0.00130, 
and 0.00130 ml. of acetic anhydride, 

W respectively. Data a t  256 and 258 mp 
u yielded lines with slopes which followed 
m the expected trend and gave end points 

of 0.00137 and 0.00125 ml., respectively, 
4 but are omitted from Figure 1 for the 

sake of clarity. The w a t v  content of 
this sample of acetic acid was 0.236 f 
0.004 pl. per 2.67 ml. of acetic acid. It 
is concluded that any wave length in the 
range 250 to  260 mp may be used for this 
titration. As a matter of convenience, 
A = 256 mp was used for the remainder 
of the titrations described, as it provides 
adequate sensitivity and pcrmits the 
addition of larger increments of acetic 
anhydride than is possible a t  X = 250 

06 - 
4 

m 

6 B 
VOLUME Ac,O ADDED, P L  

2 4 

Figure 1 .  Spectrophotometric titration 
of 0.009% water in glacial acetic acid 
as solvent 

both wave length dial and slit width ac- 
curately by approaching the setting 
from the same direction, in order to  
minimize backlash. 

Figure 1 shows the spectrophotomet- 
ric titration of an acetic acid solution 

mp. 
Titration of Water. The results ob- 

tained in the spectrophotometric titra- 
tion of glacial acetic acid samples con- 
taining 0.018 to  1.67 (v./v.) % water 
are shown in Table 111. 

containing anhydrous 0.1 ml. of sulfuric 
-acid catalyst and 2.78 grams of acetic 
acid in a I-cm. silica stoppered cell. 
The data were obtained by measuring 
the absorbance a t  250, 254, and 260 mp 

In  all cases agreement between the 
observed and calculated water content 
of the samples was satisfactory (Table 
111). The precision obtained in the 
spectrophotometric titrations was good. 
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The mean water contents found for the 
samples listed in Table I11 are 1.675 =t 
0.003% (experiments 1 to 3), 0.834 
i 0.001% (experiments 4 to 6), 0.439 f 
0.001% (experiments 7 to 9), and 0.176 
i 0.001% (experiments 10 and 11). 
Dircct analysis by visual Karl Eischer 
titration of three 1-ml. portions of the 
sample of acrtic acid uscd in experi- 
ments 1 to 3 gave 1.674 i 0.009%. 
The Karl Fischrr reagent used had a 
titer of about 3 mg. of water per ml. of 
reagent. 

Experiments 13 and 14 indicate that 
the spectrophotometric titration can be 
used a t  l o w r  water contents than the 
visual Karl Fischrr method when only 2 
or 3 ml. of ssmple is available. This 
point is shown more clearly by Figure 1, 
which represen's tho titration of 2.670 
ml. of acetic ac.d. The volume of water 
found is 0.236 ' 1 1 .  or 0.00884%. Such a 
sensitivity can be obtained using the 
visual Karl Fischer method only with 
much larger samples. 

The demonstrated lower limit of the 
spectrophotometric titration method is 
still about six times larger than the dem- 
onstrated range of applicability of the 
uncatalyzed spectrophotometric pro- 
cedure (1). The differences between 
the two methods are due mainly to  cell 
length and volume. In this work a 1- 
cm. cell of about 3-ml. volume was used; 
in the previous work (1) a 2 cm. cell of 
about 6-ml. volume was used. Dou- 
bling the cell length doubles the absorb- 
ance due to  excess acetic anhydride and 
also doubles the amount of water de- 
termined. The end result of doubling 
the cell length is a four times increase in 
sensitivity of the method. This rea- 
soning suggests that the use of a 5-ml. 
cell of about 15-mI. capacity would per- 
mit the determination of water in the 
0.01-pI. range. 

Application of the spectrophotomet- 
ric titration procedure to  water con- 
tents much larger than 1.67% would re- 
quire a special 1-cm. spectrophotom- 

eter cell with a volume much larger 
than 3 ml., to give sufficient capacity to 
hold the added acetic anhydride. 
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Mass Spectrometric Determination of 
Hydroformylation Products of Ethyl Sorbate 
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Chemical methods of analysis are 
often inadeqljate for distinguishing the 
position of functional groups of organic 
compounds. The mass spectrometer, 
however, can be  used to determine the 
position of vario.Js groups-e.g., that 
of the formyl gro ip in an cnalysis of 
the products from the hydroformylation 
of ethyl sorbate. The technique in- 
volves oxidation of the refined formyl 
esters followed by esterification to 
form the dizthyl esters of the dibasic 
acids. The mass spectra of the esters 
then are used to calculate the amomt 
of each component. Mixtures con- 
taining the diesters of these 7-carbon 
diacids of a known composition have 
been analyzed with an average 
deviation of f 5  to &8% of the 
known value of the contained ester. 

HE USEFUT~XESS of the mass spt~a- T trometcr as a tool for thc analysis 
of gascous mixturcs is well known Re- 
cent advanccs in the introductory sys- 
tcni of the instrumcnt, such as tho 
heated inlet systrm, h a w  extended tlict 
uscfulness to the R r i d \ &  of higher 
boiling matxials. Howcwr, thc mat<'- 
rial undrr invest'igation oftc'n undergow 
thermal dccom;:osition \vhcn introrll,icwl 

into the inlet system, and it is necessary 
to  convert the material quantitatively 
to  a compound which is thermally 
stable. 

One of the more difficult problems has 
been the analysis of higher aldehydes, 
particularly those obtained from the 
hydroformylation of unsaturatrd com- 
pounds ( I ) ,  such as the products from 
the hydroformylation of ethyl sorbate. 
In th-se products there are possible five 
different formyl esters-namely, ethyl 
2-, 3-, 4-, 5-, and 6-formyl hexanoate. 

EXPERIMENTAL 

Preparation of Esters of Ethyl 
Formyl Hexanoates. Ethyl  sorbate 
was reacted a t  elevated temperatures 
and pressures IFith carbon monoxide 
and hydrogen in the presence of co- 
halt carbonyl t o  yicld ethyl formyl 
hevrnortes (I). The crude hydro- 
formul- tion product was refined to yield 
a fr-ction of the mived formyl esters 
hrving a purity of >99% by weight a i  
cthyl formyl hexanoate. 

A sa:nple of the material obtained 
from the hydroformylation of ethyl 
sorbate was examined with the mass 
si-ertrometer. Preliminary investiga- 
tions of thr  crude hydroformylation 
produet shonctl that rceolution nas  not 

possible because of the similarity of the 
mass spectra of the various formyl 
isomers in the mixture. Altlehydes 
heavier than hexaldehydes are genrrdly 
more difficult to  resolve mass spcctro- 
mctrically. 

The formyl esters were suscq.tible 
also to oxidation by air and thermal 
decomposition; hence, they were con- 
vcrted to  the mixed diesters of the di- 
basic acids by oxidation of the formyl 
group followed by esterification. Thc 
acids, which are solids, were not handled 
conveniently mass spectrometrirally, 
hut the esters could be handled casily 
2nd their mass spectra are unique. 

The oxid:ition of the form>.l group was 
carried out by the following procedure 
(a). The formyl ester, air, and a sodium 
hydroxide solution were continuou,sly 
uddcd to a reaction vesscl containing 
finely dividcd silver dispcrsed i n  w t e r .  
'l'!ie product. which tv2s a mixture of 
inonocsters of dibpsic :eids. was filtprcd. 
urystallized. and finally rrfined. The 
tot81 yield of dircid W P S  always a t  lwet 
97y0, bascd on the amount of formyl arid 
: d t l  ed . 

The refined acids were esterified b!. 
refluxing the miuturc with ethyl almhol. 
.lftrr distillation of ethyl alcohol, th r  
acidity of the esters wrs less than 0.1% 
c,alculated as pimelic acid. 

Procedure and Analysis. T h r  spw- 
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