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SUMMARY 

The dinitrophenylhydrazine-phosphoric acid-Celite column first proposed by 
SCHWARTZ for the conversion of carbonyl compounds in oxidising fats to their dini- 
trophenylhydrazones (DNPs) has been studied and a number of factors which can 
influence the stoichiometry of its performance are critically evaluated. It is concluded 
that the column should be considered to be both an equilibration and a reaction 
column and that the high yields of monocarbonyl hydrazones obtained in practice 
arise because of the mass action effect of the high concentration of dinitrophenyl- 
hydrazine and low concentration of free water. Since equilibrium in a reversible 
reaction can be achieved from either direction, it is shown that, to ascertain the 
degree of conversion of carbonyl compounds in a SCHWARTZ column, the simplest 
method is to apply a known amount of the dinitrophenylhydrazone itself and to 
determine the yield of hydrazone eluted from the column under the selected experi- 
mental conditions. By considering the DNP to be a form of stabilised aldehyde, the 
problems inherent in accurately applying to a column a known amount of a labile 
compound can be circumvented. 

Whilst the importance of careful pretreatment of solvents to render them 
carbonyl-free has previously been stressed, it is now shown that it is of equal im- 
portance to employ stable solvents that will remain carbonyl-free in use. Cyclohexane 
and benzene are relatively stable solvents and methods for their purification are 
discussed. 

‘Alumina has been found to be an unreliable adsorbent for the isolation of 
DNPs, giving recoveries both higher and lower than the theoretical value. Unreacted 
dinitrophenylhydrazine, a small amount of which is eluted from the SCHVC~ARTZ 

column together with the DNPs, and which is strongly adsorbed toalumina, can act 
with alumina’as a reaction column and generate extra DNPs from traces of spurious 
carbonyls present in the solvents used for elution. The ion-exchange method of 
SZONYI has been found to be a more reliable technique for purifying DNPs from 
unreacted dinitrophenylhydrazine and from fat. 
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Observance of the above factors and a number of minor modifications has 
given rise to a carbonyl determination method of improved quantitative reliability. 

; . 

INTRODUCTION 

It is now well established that the first reaction to take place in autoxidising 
fats is a free radical chain reaction involving attack at the methylene groups adjacent 
to the double bonds and leading to ‘the formation of hydroperoxides. A detailed 
discussion of autoxidation. is beyond the scope of this paper, being extensively 
treated by a number of authors 1-3. Whilst the hydroperoxides are odourless, they 
are labile and undergo a variety of secondary reactions to form high-molecular- 
weight products by further oxidation and/or polymerisation, and lower-molecular- 
weight products by reactions such as scission or dehydration. Frorn’the standpoint 
of the onset of reversion flavour in fats, one of the most important secondary reactions 
is that of hydroperoxide scission, which can lead to the generation, inter alia, of 
carbonyl compounds of intense flavour. 

Of the many methods published for the isolation of carbonyl compounds from, 
or their determination in autoxidising fats, three approaches are the most common, 
viz. distillation4+, conversion to water-soluble Girard hydrazoneslOJ1 and conversion 
to 2,4-dinitrophenylhydrazones: (DNPs)l+16. 

Distillation, offers the advantage that volatile components other than carbonyl 
compounds’ can be, isolated. On the other hand, non-volatile carbonyl compounds 
cannot be determined and, whilst they probably .do not contribute to flavour, their 
characterisation may ,be of importance,in a study of the oxidation process. Furth.er- 
more, oxidising fats may generate. a wide variety of carbonyl compounds ranging 
from, .very volatile to non-volatile and, by distillation ‘techniques, it is difficult to 
guarantee quantitative recovery of the highly volatile components and also complete 
vaporisation of those compounds of high boiling point. Furthermore, distillation 
may give rise to artifacts by’ scission of hydroperoxides. 

. The. Girard rhydrazone. technique has not found favour, due to doubts about 
whether. quantitative conversion of micro quantities of carbonyl compounds can be 
achieved,and whether different classes of carbonyl compounds convert to the same 
degree. The DNP has become the derivative of most ‘popular choice as it is readily 
formed in.,high yield, individual derivatives can now be separated on the basis of 
both class and chainlength by a variety of~chromatographic techniques, and charac- 
terisation is readily accomplished both by IR and UV spectrophotometric techniques. 

Early methods for the.conversion of micro amounts of carbonyl compounds to 
their DNPs were adaptations of the classical technique for preparation of the de- 
rivative on a macro scale?, viz. ,acid-catalysed reaction .in solution. Quantitative 
estimation was effected spectrophotometrically. LAPPIN AND CLARKI' measured the 
absorbance of’ the wine-red colour formed from the DNP in alkaline medium and 
HENICK et al.13 adapted this method to lipids by employing: a’ reaction medium 
comprising trichloroacetic acid in benzene, in which fat is freely soluble. They also 
differentiated between saturated and unsaturated carbonyl compounds by measuring 
the absorbance at two wavelengths. LOHMAN~~ separated the DNPs from the excess 

of dinitrophenylhydrazine by extraction into petroleum ether, in which solvent the 
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reagent is insoluble. He noted that the DNP is more stable in 
solution. 

29 

neutral than in alkaline 

A reaction column technique was first employed by POOL AND KLOE%~~ for 
the estimation of monocarbonyl compounds in rancid foods, They deposited dini- 
trophenylhydrazine on the top section of an alumina column, using benzene to elute 
the DNPs and the lower part of the alumina column to retain unchanged reagent. 

The column technique was further developed by WAVERRAMP BEGEMANN AND 
DE JoNG~~, who compared a number of methods for preparing DNPs on a micro 
scale. Combining the best features of each, they advocated percolation of a petroleum 
solution of the carbonyl compound through a column composed of 2,4.-dinitrophenyl- 
hydrazine hydrochloride supported on Celite. It was later shown by HORIICX~~ that 
this column causes quantitative decomposition of oleate hydroperoxides into mono- 
carbonyl compounds and therefore is not applicable to carbonyl determination in 
oxidising lipids. 

SCHWARTZ f?t ai.10 proposed a column of dinitrophenylhydrazine-phosphoric 
acid-Celite (SCHWARTZ column) for the quantitative conversion of carbonyls to 
DNPs, claiming that it does not convert hydroperoxides to carbonyl compounds. 
They also outlined a’ sequence of column chromatographic techniques whereby 
monocarbonyl compounds were isolated from fat, unchanged reagent and other 
classes of carbonyl compounds and then sequentially separated according to class 
and chainlength into individual components. 

Of all the methods for carbonyl determination published to date, that of 
SCHWARTZ et al.ln appears to be the most comprehensive and logical. However, when 
used in this laboratory for the examination of oxidising animal fats, a number of 
problems arose which could not be explained readily on the basis of published infor- 
mation. In the present paper, a critical evaluation is presented of a number of factors 
that can influence the results obtained when using the SCHWARTZ method. 

EXPERIMENTAL 

DNP-phosphoric acid-Celite columns were prepared as described by SCHWARTZ 
AND PARXS~~. Dinitrophenylhydrazine used for the preparation of SCHWARTZ columns 
was purified by recrystallisation from benzene. The concentration of the phosphoric 
acid was determined by titration and the amount used for the preparation of a 
SCI-IWARTZ column adjusted to be equal to that recommended by SCHWARTZ AND 
PARKS~O. Two-dimensional thin-layer chromatography (TLC) of DNPs was effected 
by the method of CRASKE AND EDWARDS 21. The ion-exchange technique for isolation 
of DNPs was that of SZON>I 7 22. Merck neutral alumina was employed for the isolation 
of DNPs and was prepared by drying overnight at 130°, deactivating by the addition 
of 20% (w/w) water and equilibrating overnight before use. Carbonyl-free solvents 
were prepared by the methods of SCHWARTZ AND PARKS~O, HENICX et aZ.13, and 
HORNSTEIN AND CROWERS and variations of these methods as mentioned in the text. 
The method adopted for the assessment of SCHWARTZ column stoichiometry was as 
follows: Immediately prior to use, the columns (one each for sample and blank) were 
washed with carbonyl-free benzene saturated with DNP (IOO ml) to remove there- 
from spurious DNPs and other decomposition products, Benzene was displaced from 
the column with carbonyl-free cyclohexane (50 ml). The sample was applied in So ml 
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of the same batch of cyclohexane and the eluate collected in a 25o-ml volumetric 
flask. Further solvent was applied until a total of 250 ml eluate had been collected. 
The flow rate was maintained at I ml/min. The yield of DNP was assessed on aliquots 
of the .final eluate either by the method of SZONYI or by direct spectrophotometric 
measurement with an allowance for the blanlc reading. 

RESULTS AND DISCUSSION 

Solvent stability 

To achieve familiarity with the various steps in the method published by 
S&WARTZ et a~?.~~, a preliminary experiment was carried out by processing a sample 
of highly rancid beef stearin (P.V. cu. 200, carbonyl value ca. 600 as measured 
according to LOHMAN~~, strong paint-lil<e rancid smell). The aim was the generation 
of a large amount of DNPs from a small sample of fat (0.1 g) and hence initially to 
minimise any problems that might arise in isolating DNPs from fat. Using as solvent 
petroleum ether rendered carbonyl-free by the method of SCHWARTZ AND PARM.s~~, 
a ,bright yellow eluate was obtained from the. DNP-phosphoric acid column which, 
however, continued to ,elute yellow in colour even after extended percolation of 
solvent. When, left overnight and restarted the following morning, the initial eluate 
was quite strong in colour and, on further ‘washing, decreased to an equilibrium 
value,, but never became colourless. Careful purification of the column dinitrophenyl- 
hydrazine ‘by repeated recrystallisation from a number of solvents. did nothing to 
alleviate the problem. Xfter the majority of .the yellow band had been eluted, further 
‘washing of the column with asmall volume of benzene eluted a strong band of yellow 
colour ,and thereafter the column could be eluted nearly colourless with petroleum 
ether; The yellow colour was not due to highly polar dicarbonyl compounds present 
in the strongly rancid fat and only slightly soluble in the non-polar eluting solvent 
since a similar phenomenon occurred in a blank column to which no fat had been 
applied. Using the two-dimensional TLC method of CRASKE AND EDWARDS~~ and by 
IR. spectrophotometric examination it was shown that the offending yellow com- 
pound was. acetone DNP which had arisen from decomposition of the petroleum 
ether used as a’solvent. It is presumed, ‘although without unequivocal proof, that 
acetone is generated,by decomposition of branched and/or unsaturated hydrocarbons 
in the petroleum ether. HAVERKAMP REGEMANN AND DE JONG commented on the 
presence in petroleum ether of acetone, which could not be removed by. processing 
through one of their columns ,and distilling, In the light of the evidence presented 
above,. and coupled with a demonstration reported later in this paper that acetone 
is quantitatively converted to its DNP on a SCHWARTZ column, it seems probable 
that this problem also arose as a result of decomposition of the petroleum ether used 
as solvent. :’ 

‘Further evidence of solvent decomposing to carbonyl compounds was obtained 
when 2;2,4:trimethylpentane (selected for its high degree of branching) was rendered 
“carbonyl-free”’ by SCHWARTZ’S method, allowed to remain several days in a SCHWARTZ 
column’ and then eluted therefrom with further “carbonyl-free” trimethylpentane. 
Concentration ‘of the yellow-coloured eluate followed by TLC on a Carbowax- 
impregnated plate yielded predominantly one compound with an RF value slightly 
less than that of 2-octanone DNP. It is presumed that this compound was a branched- 
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chain carbonyl compound produced from the trimethylpentane in much the same 
way as acetone was produced from the petroleum ether. ‘However, as concurrent 
work demonstrated that cyclohexane is a satisfactory solvent, it did not seem 
constructive to elucidate the exact nature of this DNP. When cyclohexane was used 
as the solvent, only a very small smount of colour was obtained from the column 
and by two-dimensional TLC this was identified as cyclohexanone DNP. 

It is pertinent to pose the question why this problem should have arisen in the 
present work when the SCWWARTZ method has been used by a number of workers in 
the United States without apparent trouble. It is suggested that the severity of the 
problem could well differ from locality to locality dependent upon the source of the 
petroleum solvent and its method of purification. It seems reasonable to presume 
that, in the United States, with a very large throughput and using sophisticated 
stills, the fraction produced for solvent could well consist largely of n-hexane and 
be free of hydrocarbons unstable in.the present analysis. In work carried out subse- 
quent to this finding, cyclohexane was used as solvent, being of a polarity similar 
to that of petroleum ether, readily obtainable in a pure form, easy to render carbonyl- 
free and stable in the SCIZWARTZ column. Furthermore, any oxidation that might 
take place would generate cyclohexanone only and, if this were found in an actual 
fat analysis, it could be immediately ignored as a solvent artifact. Acetone generated 
s’puriously cannot be differentiated from acetone that might have been genuinely 
produced in the oxidising lipid. 

Pre$aration of carbonyl-free solveni!s 
For the reasons detailed above, no method could be found for rendering locally 

available petroleum ether carbonyl-free. Even repeated treatment through a SCHWARTZ 
column followed by distillation did not yield a satisfactory product. On the other 
hand, cyclohexane could be prepared carbonyl-free both by the method of HENICK 
et ~1.~~ and by that of SCHWARTZ AND PARKS 20. The most convenient method has been 
found to be that of HORNSTEIN AND CROWIF, which involves percolation of the 
solvent through a column of sulphuric acid supported on Celite. Solvent SO prepared 
is ready to use, requiring no distillation or other treatment prior to use. When 
analysed by means of a SCHWARTZ column, the DNP colour formed is very low and 
has invariably been found to consist solely of cyclohexanone DNP. Such a sulphuric 
acid column has been used in this laboratory for many months for the preparation 
of carbonyl-free cyclohexane and, whilst it is now almost black in colour, it still 
delivers excellent solvent. 

Attempts to produce carbonyl-free benzene gave rise to many frustrations 
and the reason again was found to be the presence of unstable impurities present in 
the commercial grade used as starting material. When use was made of crystallisable 
benzene (i.e. benzene from which unstable impurities had been removed by treatment 
with strong sulphuric acid) the majority of troubles disappeared. It is now customary 
to assess the benzene for suitability as a raw material for preparing carbonyl-free 
solvent by testing for substances darkened by sulphuric acid2*. However, the method 
of HORNSTEIN AND CROWERS is not applicable to the preparation of carbonyl-free 
benzene. During percolation through the column, a small amount of benzene is 
sulphonated and use of this solvent in a SCHWARTZ column would rapidly change its 
nature with unknown effect on the fate of hydroperoxides and carbonyls during 
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analysis; The SCHWARTZ column can be used for benzen,e purification, but .is incon- 
venient as dinitrophenylhydrazine is moderately soluble in benzene and this limits 
the yield of solvent obtainable after distillation. The method of HENICK et ~1.~3 has 
been found to be most convenient and the yield of benzene can be markedly increased 
without any effect on quality by reducing the amount of dinitrophenylhydrazine by 
a factor of five. It has been further found that the yield and quality of the solvent 
can be. improved if dissolved water and water of reaction is removed during the 
initial refluxing period by adding a Dean and Stark water trap to the stillhead. 
1 Although cjlclohexane and benzene can be readily made carbonyl-free and are 
comparatively stable, they will decompose to some extent when allowed to stand in 
a SCHWARTZ column for any lengths of, time between analyses. In order to’remove 
spurious ‘DNPs,’ it is therefore ‘essential to condition the column immediately prior 
to every analysis by percolating through it IOO ml of carbonyl-free benzene followed 
by 50 ml of the solvent in which the analysis is to be carried out. 
; ., : ‘1 

Isolation of ‘DNPs e s 

The ‘eluate ‘from the SCWWARTZ column contains, in addition to the required 
monocarbonyl DNPs, the DNPs of glyceridocarbonyls and those of more polar 
‘carbonyl: compounds, some unchanged ‘reagent and fat. SCHWARTZ et aZ.lD isolated 
the DNPs from the’fat and unchanged reagent by chromatography on magnesium 
oxide and then separated monocarbonyl DNPs from those of glyceridocarbonyls 
using a column of alumina, 

Whilst magnesium oxide has been found to be a satisfactory adsorbent for 
working’up fat samples that are only slightly. oxidised, a problem arises when the fat 
is extensively degraded., In this case it is difficult to separate the polar oxidised lipids 
from t&required DNPs. Two difficulties were encountered when attempts were made 
to recover model compounds by,chromatography of their DNPs on alumina. In the 
first place, any unchanged reagent was held strongly by the adsorbent and formed 
a reaction : column with alumina, (Dinitrophenylhydrazine was used as a reaction 
column, by POOL AND KLosE~~,) It was thus necessary to ensure that all solvents 
used were carbonyl-free, failing which spurious DNPs were formed and yields higher 
than theoretical obtained, On the other hand, recoveries considerably less than 
theoretical were often obtained and, whilst the precise reason for the low yields was 
not ascertaine’d, the problem was sliown to be less acute when the adsorbent was 
greatly deactivated with water (20% addition) and when long-chain, low-polarity 
DNPs, which elute quickly, were processed. 

The ion-exchange method of SZONYI~~ was found to give better quantitative 
recoveries and offered the further advantages that isolation required one column less 
and that more ‘sophisticated separation of classes of carbonyl compounds could be 
achieved. 

., ” 

The Schwartz colwm as an sqdibration column 1 

,I When investigating the stoichiometry of the DNP-phosphoric acid column, 
SCHWARTZ et aZ.10’ used oximes and. semicarbaqones of aldehydes and ketones,which 
can:be readily purified and are stable to oxidation, thereby circumventing the problem 
of applying~ to’the’column’ micro-molar quantities of labile aldehydes in accurately 
knotin .amounts. Using derivatives of a wide range of carbonyl compounds and 

.J. ChYOt?ZUtOgt'., 57 (1971),265-274 



CARBONYL COMPOUNDS IN OSIDISING FATS 271 

alumina chromatography to isolate the DNPs for estimation, they obtained yields 
ranging from 93 to 1060/~. Whilst the approach is ingenious, the scatter in the results 
is too great to allow the claim made that the column is quantitative and, from the 
evidence presented, the reason for the deviation from IOO~/~ conversion cannot be 
determined. with certainty. 

One probable reason for the variability of the results is that alumina chromato- 
graphy was used for the isolation of the DNPs formed. Experience in this laboratory 
has shown that, using alumina as an adsorbent, scatter of the order published by 
SCRWARTZ can be expected, high results being due to contamination with spurious 
carbonyls and low results to destruction of the DNP on the column. More reliable 
results can be obtained either by using the ion-exchange technique of SZONYI~~, 
which has been shown to effect gS-rooO/o recovery of a wide variety of monocarbonyl 
compounds. In the case of model experiments, where there is no fat to be separated 
and where a non-polar solvent such as cyclohexane is used for elution, it is possible 
to take a direct reading of the column eluate, making allowance for a blank reading. 

Although this,could explain the whole of the variation published, it is pertinent 
also to question whether it is permissible to assume that a derivative applied to a 
column will behave in exactly the same fashion as would the parent carbonyl com- 
pound under the same experimental conditions. This problem can be avoided. if it is 
assumed that the column is an equilibration column as well as a reaction column, 
i.e. it is proposed that the column serves two major,functions, viz. to supply dinitro- 
phenylhydrazine to allow derivative formation and to act as ,a catalyst to ensure 
that equilibrium is achieved in the reversible reaction: 

Dinitrophenylhydrazine + carbonyl e DNP + water 

If the theory is valid that the column acts as an equilibration column, it sho~lc~ 
be possible to achieve the same eluate composition either by adding a carbonyl 
compound or by adding its DNP, thereby approaching the equilibrium in the reverse 
direction. PARSONS~~ suggested that the reaction is reversible and demonstrated that 
when a cyclohesane solution of butanone DNP was applied to a column containing 
phosphoric acid, but no dinitrophenylhydrazine, the solution was decolorised. HOW- 
ever, his proof is not conclusive because he did not identify butanone in the eluate, 
nor did he determine that the yellow material left behind on the column was dinitro- 
phenylhydrazine and not butanone DNP. 

That the column is indeed reversible was shown in the following way. Acetone 
DNP in cyclohexane was applied to a phosphoric acid column, whereby a yellow 
band remained near the top of the column and a colourless eluate was obtained. This 
eluate was shown to contain ‘acetone by passing it through a normal column. to 

produce a yellow-coloured compound, identified by TLC as acetone DNP. The 
yellow colour left in the phosphoric acid column was shown to be dinitrophenyl- 
hydrazine as it was readily eluted with cyclohexane containing 1% of pentanone and 
this eluate was shown by TLC to contain pentanone DNP. 

The generality of this phenomenon was demonstrated in a series of similar 
experiments, using a variety of DNPs, the only difference being that in the case of 
all DNPs except that of acetone, 1% acetone in cyclohexane was used to elute the 
dinitrophenylhyctrazine from the phosphoric acid column, In all cases the expected 
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TABLEI, ., 

HYDROLYSIS OF DNPs ON A PHOSPHORIC ACID COLUMN 

DNP’ Hydrolysis 
‘, (%) 

&&one 96.4 
Butanone 98.2 
Pentanone 82.3 
Heptanonc I 
Dbcanonc 

4i.z 

Abdtaldkhydc x8.4 
Propionaldehyde 14.4 
Octadienal 5.5 

,,; ,j 1. ,’ 

DNPs’were identified by TLC. The results obtained for degree of ,hydrolysis by the 
phosphoric acid,column are shown in Table I. 
‘, -The varying degree of hydrolysis reflects the differing partition coefficient of 

the :DNPs between cyclohexane and 66% phosphoric acid. The shorter-chain DNPs 
are ‘of more limited solubility in cyclohexane and much more soluble in the phosphoric 
acid. They are thus more’subject to hydrolysis during the time taken to traverse the 
,column; By contrast, it is ,evident that the longer-chainlength carbonyl compounds 
will&tend to form DN,Ps more rapidly and.completely when processed in the normal 
manner through a column, containing DNP reagent. Thus if it be shown that a short- 
chain carbonyl can,be quantitatively converted to its DNP, it can be assumed that 
longer-chain homologues will also be quantitatively converted. 

The hypothesis was further evaluated by processing butanone, butanone DNP 
and (to check the validity of SCI-IWARTZ’S assumption) butanone semicarbazone. In 
each .case approximately 16 ,umoles were processed through the SCHWARTZ column 
and one, fifth, of the, eluate’ was’ purified by ion exchange. Butanone yielded 96.5 o/O 
DNP, ,and the’#DNP and semicarbazone 100.4~/~ and 101.8%, respectively. When 
handling crystalline derivatives, it is felt that the’experimental technique is accurate 
to. ‘approximately & 2%. The somewhat low yield of DNP from butanone can be 
explained ‘by the difficulty of avoiding losses of highly volatile liquid while making 
up the ketone, solution for application to the column. 

The’technique of using the DNP as a means of evaluating the stoichiometry 
of.a SCHWARTZ column offers the following advantages: 

(I) It is applicable to all carbonyl compounds that form a DNP (providing it 
has been demonstrated that the carbonyl class reacts reversibly on the SCHWARTZ 
column). 

:(2). The experimental work is extremely simple and it is not necessary to know 
the extinction ‘coefficient of the,DNP to calculate the column conversion, Indeed’ it 
is’not even necessary to know the, identity of the compound under investigation as 
it is quite feasible to evaluate a solution of an unknown isolate for both stoichiometry 
and reversibility without the need to purify it to a crystalline form. 

Using this method, the conversions of ,the carbonyl compounds listed in Table II 
were determined using ,a column prepared according to SCHWARTZ ‘et al.1° (cyclo- 
hexane solvent; DNPs not isolated from unchanged reagent, corrected for blank 
re’&difig);:., 

It is ‘evident that ‘in most cases’ the conversi.on is very close to quantitative. 
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TABLE II ( 

coNvIzRs10~ OPCARUO~YL COMPOUNDSBYA S~HW,~RT~ COLUMN 

Chainlcngtl~ Conversion (“/o) 

A nal 2-Enal 2,g-Dienal 2-One 

I 98.1 
2 99.3 
3 98.0 5.5-14.2 102.9 
4 98.7 100.4 
2 

97.2 

97.8 99.2 gG.1 G0.G 

7 98.6 
II 99.5 

Two notable exceptions are propenal and pentadienal. In a number of experiments 
carried out with propenal DNP, the yield varied considerably and on examination 
of the eluate by TLC, a number of coloured spots other than propenal DNP were 
evident. It is suggested that carbonyl compounds with vinyl groups conjugated to 
the carbonyl group are polymerised by the SCHWARTZ column and are therefore not 
amenable to analysis by this method. In confirmation, methyl vinyl ketone DNP 
was recovered only to the extent of 1.8%. Hex-s-en-z-one DNP, which has a vinyl 
group not conjugated to the carbonyl group gave a 95.0% yield-low by comparison 
to the majority of the monocarbonyl DNPs examined, but not as low as those of the 
conjugated vinyl carbonyl DNPs. 
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