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Abstract 
The simultaneous determination of trace eon- 

eentrations of saturated and a,ld-unsaturated 
earbonyl compounds in simple or complex sys- 
tems at a single wavelength is described. From 
the wavelength of maximum absorbance of the 
alkaline earbonyl-2,4-dinitrophenylhydrazone de- 
termined at a preeise time-interval, the total 
earbonyl, percentage of saturated earbonyl, and 
~g C = O/Absorbanee unit are then subsequently 
ealeulated from previously deternfined trilinear 
parameters. These parameters are calculated 
from the relative response of known concentra- 
tions of pure (99.6+%) saturated and a,/3- 
unsaturated earbonyl compounds prepared by 
large-scale high resolution GLC. The method is 
applicable in simple or eomplex systems, sueh as 
hydrocarbon, aromatie or aliphatie, oxygenated 
ester, acid, aleohol or ether systems as well as 
kerosenes and petroleum distillates. 

Introduction 

T H E  E A R L Y  L I T E R A T U R E  describes many methods 
for the determination of carbonyl compounds 

or their 2,4-dinitrophenylhydrazones (DNPH).  Only 
a few of them are useful for low concentrations of 
earbonyl compounds and, ahnost without exception, 
they neglect the possible suppression or enhancement 
from the presenee of a,Cd-unsaturated earbonyl com- 
pounds. The applicable early methods have been ade- 
quately reviewed (8) and, with the exception of the 
work by Heniek et al. (5), require only brief mention. 

Heniek, Benea, and Mitchell (5) first described a 
procedure for determining both saturated and aCdUS 
earbonyl eompounds in a mixed system. Their pro- 
eedure however is quite speeifie for fats and is based 
on the formation of the DNPI-I in benzene solvent by 
using triehloraeetie acid eatalyst, followed by spee- 
trophotometrie determination of an alkaline solution. 
Work in this laboratory shows triehloracetie add to 
be a poor but aeeeptable eatalyst under carefully 
eontrolled conditions. Day and IAllard (1) and 
Horikx (6) however reported deeomposition of hy- 
droperoxides in fats with the subsequent formation 
of spurious earbonyls, using triehloraeetie acid at 
60C. Fioriti (2) eonfirmed their findings. He also 
observed a marked reduetion, but not prevention, of 
spurious earbonyl formation with reduced tempera- 
ture and/or the addition of sodium bisulfite or hy- 
drogen iodide to the system. Mizuno and Chipault 
(11) also deseribed interferenees of peroxides in the 
total earbonyl eontent of autoxidized fats and oils, 
using the triehloroaeetie acid catalyst of Heniek et al. 

Gaddis et al. (3,4) separated monoearbonyls as 
the DNPH from raneid fats with paper chromato- 
graphic procedures, followed by speetrophotometrie 
determination of the separate DNPH. More recently 
they describe the isolation of mono earbonyls by vae- 
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uum distillation and testing with Girard T reagent. 
Mizuno, MeMeans, and Chipault (12) separated vola- 
tile earbonyls by GLC instead of paper ehromatog- 
raphy. They obtained nmch better separation. By 
appropriate choice of the stationary phase and ade- 
quate standards they were able to identify certain 
earbonyls from the GLC trace. Jones and Monroe 
(7) quantitized GLC analysis of mixtures of pure 
earbonyl-DNPH; Mason, Johnson, and Hamming 
(10) regenerated speeifie earbonyls from their DNPH 
derivatives and identified the earbonyl by mass spee- 
trometer techniques. None of the above separation 
techniques are useful for practical analytical dif- 
ferentiation of saturated and aBUS earbonyl eom- 
pounds in complex oxygenated and/or hydrocarbon 
matriees normally encountered in this laboratory. 

A general method for the simultaneous determina- 
tion of either low or high eoneentration of earbonyl 
compounds in complex oxygenated systems at two 
wavelengths was reeently deseribed by Jordan (8). 
This method is an extension of the earlier work de- 
seribed by Jordan and Veateh (9), who observed 
anomalous behavior in the absorption speetrum of 
eertain complex systems. The ehromaphorie shift 
to longer wavelengths for maximmn absorption of 
DNPH was erroneously attributed to possible aro- 
matie behavior. The later work showed the ehroma- 
phorie shift to be caused by deloealization of the ,~ 
eleetrons of the eonjugated aflUS earbonyl in the 
system and not by any aromatie eontamination. The 
present work deseribes a method whereby both satu- 
rated and aflUS earbonyl ean be obtained at a single 
wavelength. Basically the absorbanee per/xg earbonyl 
(as >C = O) ehanges linearly with the wavelength 
for maxinmm absorption as the ratio of saturated 
to aflUS earbonyl in the sample ehanges. From three 
known parameters which are plotted trilinearly, the 
saturated and ~r carbonyl in the samples are 
easily calculated. 

Experimental Procedure 
Apparatus and Reagents 

Absorbanee measurements were made on a Beek- 
man DB Speetrophotometer, with a suitable variable 
speed recorder, using 1-era. matehed quartz eells. 

Carbonyl-.free Formula 30 aleohol (95% ethanol, 
5% methanol). Two grams of 2,4-dinitrophenylhy- 
drazine and 5 milliliters of eoneentrated hydrochloric 
were added to 5 liters of aleohol. The mixture was 
refluxed for 1 hr, and the alcohol was distilled from 
an all-glass distillation eohmn. 

n-Hezane (95 mole % minimum). This was puri- 
fied as described for the alcohol except it was refluxed 
for 12 hr. 

2,4-dinitrophengthydrazi)~e. This was Eastman 
Kodak Cmnpany No. 284, a saturated solution in 
carbonvl-free Fornmla 30 alcohol. 

24~-IIexe~tat. It was purified to better than 99.6 
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mole % by prepara t ive  GLC fractionation,  using 
4-in. diameter  sectioned colmnns. 

2-Ethyl-2-hexenal. This was purified to bet ter  
than  99.6 mole %, as described for 2-n-hexenal. 

n-Hexanal. This was purified to bet ter  than 99.8 
mole %, as described for 2-n-hexenal. 

n-Heptanal. This was purified to bet ter  than 99.7 
mole %, as described for 2-n-hexanal. 

Solution I. This was 3:7 carbonyl-free n-hexane: 
Formula  30 alcohol. 

R e c o m m e n d e d  P r o c e d u r e  

Accurate ly  weigh an appropr ia te  size of sample 
into a graduated  25-ml mixing cylinder. (For  ex- 
t remely high earbonyl, blend an appropr ia te  sample 
in solution I and pipet te  5 ml into mixing cylinder.) 
Add 5 ml of solution I (unless it is a blended sample),  
2 ml of 2,4-dinitrophenylhydrazine, and 0.1 nd of 
concentrated hydrochloric acid to each cylinder. Pre- 
pare  a reference for each sample exactly the same 
way but  without any sample. Hea t  in a water  bath 
so that  the cylinder contents are immersed below the 
water  level, at  55_+ 1C for  30 rain. Remove and 
cool to room temperature.  Since the alkaline D N P H  
color of sa turated aldehydes fades more rapidly  with 
time than  for either ketones or aflUS earbonyls, a 
consistent sequence such as the following' should be 
used. 

Dilute one sample and one reference at  a time with 
alcoholic potassium hydroxide solution (29.5 g of 
potassium hydroxide, 90 ml of water, and 415 1111 of 
Formula  30 alcohol), and mix well. Let the color 
for each diluted sample and reference develop exactly 
6 rain before the spectral  scan is started. Dur ing  
this t ime the spectrometer should be balanced with 
the reference and the sample placed in the sample 
compartment .  (Changes in color will have no effect 
on balancing a double-beam instrument.)  At exactly 
6 rain the spectral  scan is s tar ted at 460 m~ and 
continued to 400 nd~ at a rate  of 40 m~/min,  using 
1-cm matched quartz cells and recorded at a rate of 
4 to 6 in./min. Each sample and reference are handled 
in the same way so that  the 6-min color-development 
time can be maintained. 

Calcu la t ion  

From each spectrum, determine the wavelength of 
max imum absorbanee (hma~) and the absorbanee (A) 
o f  ~-max. 

The earbonyl concentration is now calculated by 
utilizing the three calibration parameters  (Figure  
I I I ) ,  obtained f rom standards  as follows: 

determine ug C = O / A  unit  (ug C = O/A)  for X ....... 
determine the % saturated earbonyl corresponding 
to the ~g C = O / A  for X ...... 

Then 
# g O ~ O  

( -) 
#g sa tura ted  C ~- 0 --~ (A) A ( %  sa tu ra ted)  

g ram sample sa. wt  in  grams 

/xg C :  O ( .) 
#g a ~ U S  C = 0 = (A) A ( 1 0 0 - %  sa tura ted)  

g ram sample sa. wt  in  grams 

The dotted lines in F igure  I I I  represent  the way 
data may  be obtained f rom the tr i l inear  plot for any 
typical  sample. 

P r e p a r a t i o n  of  Ca l ibra t ion  P a r a m e t e r s  

Prepare  separate s tandard  solutions of n-hexanal 
and 2-n-hexenal. The n-hexanal s tandards  should con- 

T A B L E  I 

Cal ibra t ion  Data  from Mixtures  of Pu re  Sa tu ra t ed  and 
a , f l -Unsa tura ted  :~ Carbonyl  Compounds 
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#g C ~ 0 / 2 5  ml #g 
Sam- Abs. X C 

a,f~ Total % max. max O / A  pte Sat. Unsa t .  Sat. 

A 26.11 0 26.11 100 0.755 426.1 34.5 
B 13.06 6.14 19.20 68 0.644 432.4 29.8 
C 13.06 12.28 25.34 51.5 0.896 438.9 28.3 
D 6.53 12.28 18.81 34.7 0.695 442.4 27.0 
E 0 12.28 12.28 0 0.502 448.9 24.5 

a In  this  case, n-hexanal  and 2-n-hexenal. 

tain f rom 0.2 to 1.0 ~g C = O/nil, and 2-n-hexenal 
s tandards  should contain f rom 0.1 to 0.6 ~g C = O/nil 
in solution I. Pipet te  a 5-nil aliquot of each s tandard  
solution into a separate graduated  25-ml mixing 
cylinder. Add  2 ml of sa turated 2,4-dinitrophenyl- 
hydrazine and 0.1 ml of concentrated hydrochloric 
acid to each mixing cylinder. P repare  a reference for 
each sample, containing reagents but  no sample, and 
proceed as outlined in the procedure above. Deter- 
nline the wavelength of max imum absorbanee (X ....  ) 
and the absorbance A for each set of standards.  F rom 
known weights of s tandards calculate the ug C = O/A. 
Both ~, ..... and ug C = O / A  should be constant for 
saturated and ~BUS pure  earbonyl standards.  These 
results set the limits for  parameters  of wavelength 
and ~g C = O/A. 

Prepare  a series of nfixed saturated and ~pUS 
earbonyl s tandards  f rom the previously p repared  
pure  s tandard  solutions and ranging f rom 90% to 
10% saturated carbonyl. Analyze these as previously 
described. Determine ~ma-~ and absorbanee at Xmax 
for each one. Calculate ug C = O / A  for each mixed 
standard.  Plot t ing ug C = O / A  vs. X ...... f rom 0 to 
100% saturated carbonyl should result in a l inear 
line of constant slope. 

Plot the observed parameters  on tr i l inear  coordi- 
nates shown in F igure  I I I .  

Data  in Table I show typical  results for mixtures 
of pure  sa turated and ~/?US carbonyls in solvents. 
These results are a few of the many  which were used 
to develop the t r i l inear  coordinates basic to this work. 
These data show values for pure  sa turated and pure  
~ U S  carbonyl slightly different f rom those described 
by Figure  I I I .  This points out that  some error in 
the method is inherent  and is caused by the un- 
certainly of ins t rument  response. Ear l ier  work (8) 
was hampered  by malal ignment  of the ins t rument  
and a slightly impure  ~flUS carbonyl s tandard.  Both 
have been corrected, and the correct wavelength for 
maxintunl absorbance is 426 • 0.4 and 449 + 0.6 m~ 
for pure  saturated and pure  ~flUS respectively. Thus 
the data are within the prescribed uncer ta in ty  ob- 
served in calibration. 

Determinat ion of sa turated and aflUS earbonyls 
which are added to pure  solvents is relatively easy 
af ter  calibration. The practical  applicat ion and ut i l i ty 
of a procedure however is denlonstrated only when 

TAB LE II 

Recovery of Carbonyl  Blended  in  a Complex 
Oxygenated System 

Added #g C ---- O Recovered/LgC----O %Recovered 

Sample Satu- a S U S  Satu- aSUS Satu- a S U S  
rated rated rated 

A O 0 115 0 . . . . . . . . . . . .  
A + B 279 0 397 0 101 ...... 
A + C 93 0 202 2 97 
A + D  93 l 0  209 9 102 9 0  
h @ E 0 118 104 116 91 98 
A @ F 20 118 128 128 95 108 
A + G 0 50 113 50 98 100 
A ~ H 60 50 180 50 103 1O0 
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2 - h e x e n a l  r e s p e c t i v e l y ,  o b t a i n e d  10 r a i n  a f t e r  a d d i t i o n  o f  
a l c o h o l i c  p o t a s s i u m  h y d r o x i d e  s o l u t i o n .  

the same earbonyls are added to and recovered f rom 
complex systems that  already contain carbonyl in 
addition to a nmlt i tude of other trace contaminants.  
Table I I  represents the recovery of both n-hexanal 
and 2-n-hexenal f rom a complex oxygenated systenl. 

The recovery is quite good in all cases ranging f rom 
90 to 108%. These additions range up to 517~ aflUS 
carbonyl as 2-n-hexenal. The range of results is in 
par t  a t t r ibutable  to the inherent l imitation of the 
instrument.  At  best, the absorption near  ~',m,.~ is 
poorly resolved, and this poses a slight uncer ta inty  in 
correctly defining the wavelength for maxinmm 
absorption. Ins t rmnenta l  errors have been minimized, 
but  not eliminated, by expanding the spectrmn in 
the critical area with a variable speed recorder. 

An extensive s tudy describing the recovery of 
added saturated and ~flUS carbonyls from complex 
systems, which contained up to 40% of their carbonyl 
impur i ty  as aflUS carbonyl pr ior  to addition has 
been previously described (8). Since the procedure 
described here is a modification of the earlier work, 
it is unnecessary again to present  the voluminous 
recovery data. Rather  a comparison of results on 
typical  samples obtained by the two similar proce- 
dures will show the recovery potential  of the pro- 
cedure described by this work, provided the results 
are equivalent. Da ta  in Table I I I  describe results 
by both the differential wavelength and single wave- 
length procedures for several typical  samples rang- 
ing f rom zero to 30% ~fiUS earbonyl. The data show 
both procedures to yield essentially equivalent re- 
sults. There is no significant difference in results by 
the two procedures. However there appears  to be a 
slight negative bias on the low ~flUS earbonyl re- 
sults. This t rend reverses for high values. This is 
the expected t rend since ins t rument  l imitation be- 
comes relat ively more significant as the limits of either 
pure  sa turated or ~flUS earbonyl are approached. 
All the data however are based on similar ins t rument  
response except that  in the differential procedure two 
constant wavelengths are used instead of a con- 
t inuously variable wavelength between the two narrow 
limits described by this procedure. 

F igure  1 shows comparat ive absorption spectra for 
typical  D N P H  of sa turated and aflUS carbonyls. 
Aldehydes and ketones, unsatura ted  but not con- 
jugated,  also have the characteristic speetrmn of 
sa turated carbonyls. The spectra in a) and b) rep- 
resent three different coneentrations of each carbonyl. 
These speetra were obtained six minutes af ter  the 
formation of the alkaline hydrazone and were used 
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F I G .  2. E x p a n d e d  s p e c t r a  o f  a b s o r b a n e e  v s .  w a v e l e n g t h ,  
s h o w i n g  X ...... f o r  m i x t u r e s  ( A )  51 ,  4 9 %  n - h e x a n a l ,  2 - n - h e x a n a l ;  
(B) 35, 65% n-hexanal, 2-n-hexanal; (C) 68, 32% n-hexanal, 
2-n-hexanal; (D) pure n-hexanal; (E) pure 2-n-hexanal 
respectively. 

to develop the wavelength and ~g C = O / A  limits for 
the procedure covered by this work. Pa r t  a) demon- 
strates typical  spectra for  saturated earbonyls with 
a p r ima ry  and secondary nlaximum at 426 and 520 
nl/~. respectively whereas pa r t  b) represents typical  
aflUS earbonyl with nlaxima at 449 and near  520 m~ 
respectively. F rom the representat ive curves in pa r t  
a) and b) it becomes readily apparen t  that  qualita- 
tivch, sa turated ketones, as well as aldehydes, may  
be clifferentiated f rom ~flUS earbonyl compounds. 
Satura ted  aldehyde and ketone D N P H  show peak 
absorbance near  426 m/~ and a secondary maximum 
near  520 ln/~; ~flUS carbonyls peak near  450 m/~ 
with a secondary near  520 mu. The saturated 
a ldehyde-DNPH alkaline color fades rapidly  both at 
426 and near  525 mt~; neither the saturated ketone 

T A B L E  I I I  

C o m p a r a t i v e  Resul t s  Obta ined  Be tw een  the  P r o p o s e d  Single  and  the  
Di f fe ren t ia l  W a v e l e n g t h  P r o c e d u r e s  

/xg S a t u r a t e d  C = O / g  #g  aC~US C = O / g  

Sample  Diff.  Diff.  
No. Single  Single  l)r~ X ])roee- 

d u r e  d u r e  

19873 126 127 1 1 
19874 132 138 7 6 
19875 123 130 10 6 
19876 124 130 10 5 
19877 77 78 14 10 
19878 96 102 8 5 

48 74 77 23 21 
19879 66 67 1 0 
19880 60 62 0 0 
]9881  94 95 6 6 
19882 114 120 4 0 
19883 63 70 20 15 
19884 51 59 25 21 

55 74 74 11 10 
18010 3000 2945 1137 1145 
18479 a 3408 $353 969 1002 

1039 189 193 2 2 
9072 447 414 32 57 
615B 630 633 27 37 

A v e r a g e  of five de t e rmina t ions .  
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Fro. 3. Trilinear coordinates, showing relationship between 
#g C = O/A, ~ . . . .  arid % saturated carbony]. Dotted line 
sinmlates the use of these trilinear coordinates. 

or aflUS carbonyl-DNPH fades rapidly. Thus, by 
wavelength for p r imary  and secondary maximum ab- 
sorbance, general types can be suggested. 

Figure  2 shows a portion of the spectrum covering 
the narrow wavelength as it is expanded to show 
the range of maximum absorption observed in this 
work. Curves D and E represent pure n-hexanal 
and 2-n-hexenal respectively. The other curves, i.e., 
A, B, C, represent different blends of the two pure 
components and show how the wavelength for maxi- 
mum absorption shifts as the amount of either com- 
ponent changes. For  example, as 2-n-hexenal com- 
pared with n-hexanal decreases, the X ..... shifts 
closer to that  for  pure n-hexana] and is described by 
Curve C. Likewise, as 2-n-hexenal compared with n- 
hexanal increases, ; ~  shifts toward that for pure 
2-n-hexenal and is described by Curve B. Of general 
interest, too, is the great change in the shape of the 
curves over this expanded region in going from pure 
saturated to pure aflUS carbonyl. This change 
graphically amplifies the visual general change ob- 
served in Figure  1. 

Figure  3 graphically shows the tr i l inear co- 
ordinates which are obtained from calibration data 
and used to calculate saturated and aflUS earbonyl 
at a single wavelength. Essentially this shows that  
the t~g C = O/A decreases and wavelength of maxi- 
mum absorption increases as the percentage of 
saturated earbonyl decreases and that  these param- 
eters change linearly. The dotted lines describe a 
typical interpretat ion for calculating a sample com- 
position from an observed Xm~. 

Figure  4 shows expanded spectral scans over the 
narrow wavelength limits previously described for 
some typical samples shown in Table III .  Again the 
great difference in spectral shape is apparent  and 
represents samples ranging from 100% saturated in 
curves 6 and 3 to about 50% saturated in curve 1. 
The other curves are similar to those between ]00 and 
50% saturated carbonyl. The reason for the steep 
slope observed for curve 6, compared with that  for  
curve 3, is not known except that  increasing the sanl- 
ple concentration did part ia l ly  correct the difference. 
The similarity is however quite apparent.  Curve 5 
is quite similar to curves 6 and 3, but a distinct 

426,0 
433.2 

440.0 

6L 
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O 
co 

I I I I I I 
420 428 436 444 4:52- 460 

WAVELENGTH (m/4 ) 

FIG. 4. Expanded spectra of typical samples, showing ab- 
sorbance v s .  wavelength. Samples range from pure saturated 
curve 6, and 3 up to about 50% a,~-unsaturated curve 1. 

flattening of curve 5 is noted even though the maxi- 
mum absorbance has shifted only 1 m~. This flattening 
and gradual parabolic change becomes more pro- 
nounced with curves 4 and 2 unti l  the t rend  of the 
curve shape shows a marked reverse change with 
curve 1. 

D i s c u s s i o n  

The work was done on a Beckman DB Spectropho- 
tometer. Both the Cary Model 14 and BL 505 spee- 
trophotometers recorded slightly different wavelengths 
for absorbanee maximum and different sensitivity 
froza the Deckman DB. Thus the linfiting wave- 
length and ~g C = O/A parameters will, to a minor 
degree, depend on the instrument  used. 

Normally the high quali ty reagents used to pre- 
pare solution I require no fur ther  treatment.  How- 
ever both Formula  30 alcohol and n-hexane contain 
minute aflUS carbonyl impurities. F u r th e r  purifica- 
tion of these two reagents is necessary in order to 
obtain optimum results. 

With the appearance of large-scale high resolution 
preparat ive GLC, sample pur i ty  is no longer difficult. 
The 2-n-hexenal purchased contained only 60-70% 
of the desired component. This was purified to near 
99.9% in just  minutes. The other standards used 
were also purified the same way. All the samples 
except 2-ethyl-2-n-hexenal were stable. I t  started de- 
grading after  a few weeks on the shelf and is not 
recommended as a s tandard unless purification equip- 
ment is readily available. Any  other carbonyl 
standards can be as easily used, provided adequate 
purification is carried out. 

A six-minute time-interval af ter  the addition of 
alcoholic potassium hydroxide solution was chosen 
because this allows the color to develop adequately 
and the color reduction because of the time of the 
reference and sample are still nearly equivalent. The 
reduction in color with time becomes important  be- 
cause of the greater color stability of aflUS and 
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aliphatie ketone ea rbonyl -DNPH compared with 
sa turated aldehydic carbonyl-DNPH.  A separate 
reference for each sample is necessary so that  all the 
results will be on a uni form basis since the color 
reduction for  samples and a reference will eventually 
exceed the usable 15-minute time limit discussed in a 
previous work (9), whereby significant errors in the 
comparat ive absorbanee between saturated and afiUS 
ea rbony l -DNPH systems and the reference occur. 
Additionally,  unless an exact t ime-interval  is used, 
spurious variable l imiting parameters ,  especially for 
the sa turated aldehydes earbonyl -DNPH,  will be ob- 
served. Other time intervals could also be chosen, 
provided they fall  within the 5- to 10-minute range. 
Of greater  importance however is the absolute neces- 
sity for mainta ining a constant t ime-interval  for all 
samples since even a deviation of a few seconds f rom 

the selected interval  will have a noticeable effect on 
the results. 
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