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. Trom exmimation of the effect of skorere on the composition of different

‘Tuels it is Imomn that besides  peroxideés. ‘aldehydes are also mresent.. These
aldehydes can-be rogarded ae ‘secondary. oxidation products. of - hydrocarbons; they
ers present in a definite -oquilibrium proportion to the peroxides; they tend to-
‘give polymerisation products and -fizifludnce;-thé‘bbﬁﬁ;stion in;'!;h\e\-'engine end the
regidue formation, .. ... .. . crr R R e T Y e T T LT _—

. . The quantitative determimtion of these aldchydes is subjeot to certain -
1i’fioulties, as the reaction depends to a largo extent. an the total composition
27 the molecules, From the 1ifferent processes which have been: carried out the
regrlts obtained with hydrexylemine hydrochlorido wers found to be the ‘bost, -
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I, Chemical ccmpc.;;tzon oP the aldehydes.
II., Tho ef feci; of' aldchyaes in tho engxne. :_ 'V:

1 ; he eff‘ec‘b of‘ elde‘*ydes cm the combushan
' process.

z Gum fomtion 'by aldohydes. Sl
III Procednre for the quanr.rbatmo detemnatxan ot’ the aldehydes.
A 1 Kncmn procedures i‘or the determina'bion of—aldehydes——-~-—» -

SRy Tna appbmtzon of md:.vidunl preeesseo-for aldohyde
= detarmination in i‘uelse' , L :

3o Aldehydo de-hemmatlon mth hydroxylamine hydroehloride
IV, Deremxnnhon of' aldohydes m the presenoa of‘ percnixes and aoids
VI Lrberatur |

1, '-Chéiniééi m&guian, 'of’ a‘lameg. .

If one imagines the’ last C atom of a bydrocnrbon chain to lmve two
OB groups ‘in place oi‘ 2 H - atoms, then. one obtains the so-eo.lled aldehyde
hydra’ces, vzz : , o s s .
T 6E B c-/-—joa >
‘ An, 2n+1° - \ (m:‘;:_‘»..

‘Ihese ﬁ'!t‘shydes hydm'bes are not sh’ble in the i‘rec ste.ta and ‘khey denomposev
-~ Into aldehydes by loszné 520 as-seen by the fonomng equa'bmn- :

c H2n+1 ‘ c OH ;'-"-" '—; c_:n Bon4d ' 'c\xo o H0
* “"’ * " That is, \é'ldehvdés aré.derivativee “of h'ydrocnr“p_ons w.ith' ] -c\' _
group ut the end of xhc chaln. T}\ezr nnme is derzved i‘rom alcohol dehydroren~
ates" and mouns that the. sldehydes are obtained by removing Hz from the - .
alcohols. ‘The individual members ¢ ~¢ named efter the correspondmg carboxylio
acids, 0.5.. aoetuldohyde CHS- CEQ Butyladdehyda csn., cno, capron alrehyde -
c ?11 1’0 ete,” - . R =
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‘r.,;Tha aldahydes can’ be formed in tho “ollomx v:ays.,. g

e

'1) By ondauon of‘ ahphatzc hydrooarbons.,_‘fff”....t-‘

o cng cw, ma,i __L__..,. caq caz cno

: 1.

2) :Ey oxr’nh.cn of‘ rr:mr\r n]cohols- Jel
. cas Cﬂz CFgGH __Eac_z.___)cﬁs cnz GLO +1_12; S

"3) . ”y‘redifetiov‘x of ‘compouﬁds in'a' ieher state of oxidation,
GH;; cxr? 208 ..._..._.;.cns crrz CrO i' FE0 e

4) "y hydrolvsmv halogencte'i hydrocﬂrbms mf‘f {n-m }mlmmn ﬂtorrs ot 'Lhe
, e*td of t‘xe chaln loss o{' Hzﬂ occurs‘ ' S

' 'H:-'f,' SRR

cxé cvé cnczd 2 HOH-—--—} _ ca Scnd c;-on 42 ac_l‘f,

oy o oF,, CFO B0+ aac
‘other Drepnratzons oi’ aldehydes a.re cf no m‘bercst nsre., i» -

: II The %‘.ffoc'k of Aldehydss in the ungme

: In contmst to the thavmur o{ She peroxxdos in t}'e ennne of' which
some lower the anti-noct valus of thﬁ grsoline enrine fuel. considerably,’ the
aldehydes or more aconrately the €< group is practxcally without ei‘fact

In: snita of t*isg 1t con dvturh *ho normn 1 onerntmn in the cnrine xndn'et-tly.
Fi ~h ™ol m vwier ear-punis nre’ or-s:‘lv "orm A from_ it w‘-wh LTe stron"ly inc]ined
v to msm crm-uon tnd thus eruBe - rm* stlckmg N » -
1) "'ha Eflect of :ldehyues on’ tne Lcmbustxon Process: Tt is very
dilfficult to dotermine the oifect of tne a.ldenyde group in the i
en;ina us the ontire molecvlar gstructure influences the combustion prozess,
This is illustrated 'by the ex'osrme‘nto ca"rzed out” '*‘:,t‘" bu‘tvl uldehyde and
-nzalde‘wde . : ‘

L { :

v~~__ig‘ 1 shcws hmv butv‘l amehyde ot nras tho rnhy--m"" we Ine o" vure
‘end lead containing Leunn -zasolire, . Though mire- Laann‘gasoline does not react

noticenbly to butyl aidehyde, the anti-tnock velue of feuns. gaaoline cantaining

lend is-influenced to a smell oxtent already by small quantities of butyl- ‘

. aldehyde (CzHy CHO) = The length cf the elirhstic nydrocarbon chain is 'bhe
main’ ini luenc:.ng factor in lowering the end siximock valuee .

_ An aromatic aldeavde vis. oc-mszl:iorydo (csnscrro) was now added to:
the Leupa-gasoline, Tram f‘*e .2 it can.bs soen thet for pure Leuns-gasoline
a smsll increase in the antl-mcck valve occurred whon the benznldehyde wasg
edded. This increasc in the anti -knock value is however ndt reducible %o the

—-C\\g bl'Oup hut 'bo the hyﬁYUCInbon- rln{_”%(bsnzlne s iﬁg)".: : Thé"vi‘nf'luence‘ i

benzaldehyde upon Leunz: gasohne contam).ng lend is. corresr-ordmgly less,
" In othor words the’ :mf’luenee of‘ "hc aldehy*’e group. upon the antl-‘knoc" value
is very small ; o :



2) Gum Fomtwn 'bv Aldehjdes., comparcd ’co mmerou ""m'berials
‘ , o B aldethe., u.re strong}.y reaotive. CEIUCN

L’any saturated al:phat:.c ami aromat:.c ald ydes ;a8 e.gon-
“dodecylaldehyde (G2 Epg CHO) and ‘benzaldehydo (Cg Hs CHO) when exposed to g
ultraviolet rays:split’ off} ¢=0 and becamo !wdrocarbous. The reaetive posi'bien
_in'tho aldchyde molecule “is tho carbonvl group™ C=0, This »>C=0 group. i -
vory suiteble for the forr-s'c: on. of‘ vuarbwn prodaots.v In the fol‘owmg scme
‘4'exnmr1es ore 111ustr-ted R : ,

7~a) 320 adds on 1:0 aldohydos in ¢queous solutzons pmct:.cnlly in a1l casea

. ‘which can bo rocogniscd by the fact that solxr&:.ons of aldehydes show
. ‘mo-or wvery little a'boorptv on“in the ultraviolet, In the presence of a
- ;carbenyl group ab"orpt" on shcvld ::ake place. s

b)lg-*’ydrogen reéacts. with aléohydcn 'i:o gn-e prmary a*cchols' o

i csngr_ciz}.qmz -

(bu‘byl alcohol)

N ‘. ’ ’ ,' s T —— :

c) Aldehydes o.re very °ons:.tz.vo o oz:.dls:mg agenta lfany nldehydes ondise
' ‘already when ellowed 4o stand in the rir, Nolozide» or peracids are .
. ‘formed which easily deéompose g:unm off\ gon ami then combine with
i;i‘a ‘o form carboxylio uclds., B e

; C Hgn + 1 ‘_ \0 'I- 02 -x. anén Tlﬂﬂo, 02

—~——c E cuo -+ e
: ’v Zn +1 s °2 G HZn * 1 c\o
N ¢ 2 Cn HZn + 1 COOE - (carboxyl:.c aoxd)

ESA

In aqueous solut:.cns tho reac'{:mh 'cakes placo in auch a way that tha .
oxyren com'bines d:.rectly with 'hhe two hydroo'en atoma of the aldohyﬂe

hydrate’ e
S g i A - _ﬁﬁ"- L
BT v T P S T LN
Cn Hap + 31 'G(gg #0 ——> Cafni1 e’ +H0
S 0

’,.fThus :ﬁ: is poas:mlo to use other substances’ vmzch combine wrbh hydrogen
L.;.in phca oi‘ oxygen, 0.8, chmon (0611403 . v .

) v"Aldehydes co'zzbme with alconols g).vmg, ucetals‘ o e

'FV‘G Hzn,,.]_CHO +2EO Ggﬂs = cnﬁzn + 3 C 00235 -!- HzO A
. - ’ 00255

(nco‘kal)

b

‘ Theeo a.ceuals are oﬂ:en found as szde products in 'bhe oxyda’uon of
‘ alcchols. .
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The :"readtivi}ty.'v'oi" the aldehydes 1sehavnm1n1ybya “Btrong tenduncy

1 L

 Several low molesular weight oldehydes, a5 form ddshyds am acetaldehyds

‘cambine under the action of: acids to stable, _non-oxidizable tri.

By o

Qe T
CBC OB Triczmsthylers

\\o o

' ~Aﬁueveixméré ‘general 'poz_ym;ismon provess is "{:‘he;364&;"1&}!f"'all_délpdnden-l'

-saticn®, The aldol condensation takes pince as Pollaws: 4he hydrogen

PR : I SR Sr
Qe T o emeZay ol

: CE’S E‘FOH "T"a ﬂ'oi_}ms 3 *CT’ ePn o on \

Those axyaldehydec are unstable and desompose onse more to give water ,
and unsaturated ald_ehydea: o “ : S _

-

i | A
. i o lcrotomaldehyde)
Ifiéthylena /c_br:;ipmmdg 5‘156,“’@!’1"3 Wiﬁ' ald‘éhyées. as followg:

nfn 41 CFO + cBy(coo emy),

~— B 41 CH(OR) cE (co0 oRg), . Bae

e S (concrs);

 Tader o action of alinlies an intermolecular displagerent of the vwryslén:

' - ta%es place for goms aldehydes; ane half of the aldehyde molecunle is

- ?0fuoed, the other half is oxidiced to the acid; this is the so-called
. Cannizsare reaction: o e o T R serealled

/

Po WO 4R, CEO 4 B0 ey R, CP,0F +R.GO0E

The most noteworthy aldshyde polymerisatfon is the _fpz‘mﬁrléhydel -

' 0 0 0. 0 . ‘
B N L A" o S P I O T TR
EC BL BC-BSBE o gl ¢ CaC
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~ (Pentose)
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'Ehasa o.ra syrupy sugar cmpouna., \'mzch represeub gums

' 'l'his react;uty of the aldehydcs. is in. mny cases lnrmful to i:lm
= angine, small amounts ‘of aldol condensation products An the fuel behave‘ :Z'\i
_like gums, :..e. they lead i:o reszdue formtion. e G

il d 'fherefora oars \ has tobe taken tha'l: ali:lehyﬂes are ncb‘f‘omd 1n :... i

‘ ’the fuel or cnly stable aldehydes. _ _ SR R
: It is. .ﬁnporta;i; —to formulate a quaul::.tative autpressicm for the
a.ldehydea in order to’ control, the nanifold reaotion posai‘bﬂities to same
extent by maana of ohomcal addrl:ive. S S ST

IIQ:Q Procosses £or tha anti'hat.we Detemination of Mdehldes. '

o Frovz the many cl'mnical seactions. of‘ the aldahydas it svpears’ S e
thet v 1c:.cn'b possible monns exist for the qmnbitative ﬂe’bermmation of . -

i:ho -C group. On tho othor hand jus'b on -bhxs scoount diffionltiee ar:use' :

when cnrrylng out r uunntitative datermination of the alde'hydes in gasoline_
and it is diffioult to separate tho different aldehydes from onc another, . :
Further elso the separution or destrucpion of the perox:ﬂes ,whieh i.nterfere '
_dunng_the_dajarmnatwn of aldchyrles in fnels, is very diffiudlta o :

1. Kncvm Procosses for A‘Lde hydo Doi:ermimtlon' ‘The old prooess of

' ~§.8, Sadtlor 2) carries out the aldehyde deter-
‘mi.nation withmoditm sulphito* _ Theo rcactmn is i!]mtratedjy_thp Pollowmg
equat:on.» . v X . :

o S g : | - . . ; » i__;_:_‘__ﬁ
: 'R é"fH R   2 S | , R T
~RC - + 2Wa, S0s +H,0 = R, c-—-somr;. 2 Fa0H

: g /‘, : , Lo ] R sosm

One-of thvwelblmm‘reuc'&ionswceura by addrbion of sodium b:l.eulphita

%o the aldchydes, - In most cages good crystallino precipitates, which are diffi-
cult to dissolve, ars formed; “thésc can be decomposed into the aldehydes again
by dilute acids and elkalies, These reactions are used to semrate the

.-aldehydes from mixtures and -to prepare them in tha pure atate. This is ro-

" pregeuted by tho ollox ing equation. I

R | S SR
" ~ e e, : : —
anE‘,n-ﬂ, c\ o F Hansosz iy Gy CT—CH \
B SOgta

The b:tsulphz.te addition compounds sre in geneml eonsidored as. -

of oxisulphonic acids,  Very important aro the reactions of aldehyﬂes with —_—
nitrogen conta:ming/reagents, 6.8. hydroxylamine hydrazine, phenyl. hydrazine.
_,.and semearbazido. In mny cases sparingly soluble erystallimsderivativoes: TR
formed which can be employed to idemtify the eldehydes, to separate them From
mixtm'ea and to pur:.i‘y them. The reaction with. hydrcxy}mnine gives aldoxmes.‘ i

: c’H SRR «t;/a,-. SR =
an.2n+1 o + BZNOB an 2n+). \NOH "' E.?O ,'k(Al‘dozikm .
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the oxreriments of A, Reclair and B, Frank’’ on the detcmimtion ot
-carbonyl compounds wero carried out on this ‘basiaj by means of hydrouyhmino
hydrochloride. experimonts wora in the first place .carried. out on citral and

citromalial, This estimtion is likewise 'bnsed .on’ tha zurmtion of uimas
am‘. timting the hbcmted hyarochlorie ecid e.g. N R S ‘—

Rcc > -l- :m Qﬁ’ml R c ::_:v - 0 Kcl
S 2. Swom T om

Tt was noted thai: the i-.me requ:red for the completion of ths experiueub
“varied with the substance i}'o bo exsmined, The mliphatic and aramatic nld,elvdea
. aoeordisg to the authors ntioned kave: rmxglﬂy tho samo reactien: -
mlooi{:ios.’ The &ime cof rmction ‘is epparently influenced by the spaoisl -
errangemsnt of the molocule, Thus Carven reacts. vory sl oaly, te&mhydrocarwn
~about as qaickly as an ‘aliphatic ketons, fonchon on the other hand does not
roact ot ell undor tochmical: conditions, In the opinion of the. resaarch R
~worker the orcanic acids must not be noutralised befors aldehyle determimtion,
as the hydrovylamme ig liberatcd by alknli salts formed which react with tho
hydrochlorie acid ﬁms not all the hyﬂrochloric ecid is availsble f'or the :
t:.tration. . : A Lo T

. t Idehyde and hyjﬂrazine hkewxse rive a hydrazona A phenyl hydmsim
gives phenyl m:azm : e i e - e “/ e

R L S

* WHy = |G, 3 6Z0H V)
nHanl \ | Ny = |On zm. <. an
, ‘g ' |
@ nHZn+2a ¢ nao (Hydrazono)

or eorrespmdingly.

nnzm-l \ Pﬂ csﬂs * 320 (Phenylhydrazme)

-

i. Bivel and 6, Look 4) doterniued sramtio aldehyt & bythts
mmns. 2 4 dinitrop’hnnylhydmzm wms used as reagent, by dissolving 2.5 gm,
in 50 cu.n? of concextrated sulphurie void and diluting thie with 950 ocu.nm,
of wator, For exnmple, benzaldohyde was disgolved in acid freo aclochol and
wag adied to a solution of 2.4 dinitrophenyl hydrazine; this was’ ‘diluted
with wvator, stirred and tho resulting preocipitate filtered off,: ?mny
this was washed with sulphurio deid and wter and dried at. 110°c. R
o., n and p chlorobenzﬂdehyde are deeomimd in the ssme mnner. ‘

The very reaotive sei earbazide HoH, HB. co. ¥Ho ana thiosenioarhuida ‘
HzH FH S BHp are often used iu the. prapamtim]of‘ sparingly solublo aldebyda
derivatives mllea se-micr rbﬂzunes- , _

B I o
anan-lq\m" qu m GO. HH2=‘ anZn-rlc/mi mLﬂB. GO.EHz -

Op anq_ G—..-:ﬂo IHE.;GOQ “ Mz :gb 830



R w8
,'Aiil;ame;a,‘w ronct with nldehydes acoording to the same nrineiple:

‘ Cn‘ifznd

"Th*?s determnation ‘vas' in ci‘zect carried cut—by—"f:ﬁ:”oble 5)._,
bnother importnnt prooi‘ f’or aldehydes consista in the latter 3olouring
,fuchsinsulphurous acié¢ red: K. F:.schbecl and L, Houndonbol 6) gorked
_out a ealorimetric notiod -:1th ft.chsm sulphurcus ncid for tho detemvs’atic’m
- of allpha 10 aldehy:tes. S SO S o R
, Tho mcaauremnts were carned m.t by Ze:*s m -hha gmde photo— o
- meter by using tho blue S&7 £ilter, Corresponding ‘experiments showod that
_%he instability of the. fuchsin svlphurous coid is not-due-to-loss of acid

" but to the action of atmosphenc oXygens “fuicheio sulphurous ncid kept

: under hydro.,eu rem:.ns stable i‘or e 1ong %ime. )

Another rgaciuon for 'Lhe determmtion of aldehydes*ms devised
C by Aneeh Pimini Aldehydes ro-ct with nitrohydroxylanine W0p *7IF to givo '
,alkylhydrozamic eeidsy these with T‘e "13 nge an- mtensive rod colomtion,

"wh:.ch is: oaaily recovn:.sable- Lo :

..,_'___ N .«H;Ii,_...__,._“. . ’ ) //p : - - S '

&, ¢ +om won maoz * Ro c\. | e
SN TS _ _ ; VHHOH_ '(myethyl_ hyer:g}o Aacivd)‘ :

Sy

.reference has to bo . maae i:o the specisl method of Tauna Vo:d:alas) for 'l:he
_aldehyde determination, .The reduotion of thed=bromine = tom i , 1%, ‘?‘-’-
4ri-brommethon by means of KI ia an acid ‘solution to ’x"a‘ﬁibrmethon S
(2,6 - dibromo’ 1,1 dimethyl cyclohexme, 3,5-dione) was carried out.
On addition of an apprc::ma*ely 50,~.aqueous .alcoholic solution of the
- aldehyde to +he T Y dzbromnethon a decrease’ in the volume would result’
. within: several minutes, owving %o the interaction betwesn 2 mols, of di-
. bromwsthor and ‘1 mol, of aldohyde, As® - alvyl deriwtives of methon
do not condense with aldehydos: it was. surprasing to fmﬂ 'bhat 0\" mono- ,
'brcmathon cmdeneed with aldehyaes. ; S ,

- V. stern and’ 5. Pola.k 9) suggest ’dre polaro«raph:.c ana® ys:s of ‘
mixtures of aldehydes and pevoxidos, It was found that acids end alvalies’
are unsuitable as solvonts, or as olectrolytes becauce aldehydes . ca—mcb e
be reduced in ncid solution and in alkaline solution the reduction ~ - .
,potential is displaced to =2,3¥, i.e, near that of the reduction potentmi
of the sodium ion, Of other electrolytes, such as Lif't, FaCl and ¥14C1-
‘only Li C1 is suitable, as in the case of HaCl and “Eé‘l +the position is
‘gho samwe for the reduotion potentml of tho cation as for sodium hydroxide
The oxyg,e'n d1ssolvw? in tre electrn‘lyte hc--a to be removed.

, A.,A,Do‘brimja ::d. xn.B moumann 10) n'!so snppert with their ‘
‘experirents the suitability of the polarograph:.c method i‘or the detarmination :
:'of a m:.xtura of a»ldehydes end: peroxides,, e ,



2. The arplication of individual procosses for :1dehydes . it T

“ovv - Dotermination ir Fuels: With respoct to the aldehyde determinntion
e ST in fuels ik has bo be pointed out that
_ the carbonyl groups > C = 0 .is the.active. constituent’ i;:-_-the‘j;-,c-g group

- and thus ketonea.aro_,incllt;dodmin the /i_qve»syti‘ga_tim‘:Qi“;qldﬁehydea;: in ketones,

used, two molesules: of which react with one molecule of -the uldehyde, . The o
HaOk-liboratod is titrated with /10 hydrochloric acid using thymelphthalein

or rosolic.aoid as indicator. ' The ‘liquids to bo, oxamined have to be neutrale

. For the aldohyds dotermination of 5.5,Sadtier) ‘peutml sulphite is . |

. After s,gjro:e,i e’xperAi’mén'i:s -"lj.h‘e fo}.lowingprocedurems adoptea. .

" -10 cu, ‘em, of the fwol to be examined are mixed with 26 ecu,em,
~of 2% sodium svlphite nnd the resulting sods 1ye is bitrated against n/10
RC1.. A thymolphthalein solution contsining 0.1 woirht ¥ thymolphthalein -
~in 90 aleohol ir vsed es.indiertor; ' The ‘quantity of 0/10 EC1 used, n
-expresse”! in cu,cms, multiplied by 1,45 gives: the weight of «ldehyde (CHO) -
. . Thig mothod refers to an aldehyde contont of about 20 mg. of the latter
in 10 ou, cm fuel, . The emounts of reagent used are adjusted in proportiom -
%o the eldehydo contens,” = - . e e e
wor-——The values showi in table 1 indieato that the svlphite process for the
aldchyde determimation in fuels gives much too low volues, " Tt nppears that
apart from the reacdtion indiceted nbove the following side reaction tales
pleco: - PR B N LR I SRR S ST
4+ Ma,S0; ' R, (S-OFa

R, ¢~ | R

0

~ As will be shown later, = similar reaction takes. place during the conversion
of aldohydes with sodium bisulphite, A" further diffioulty is that the oolour
change is not well defined in the presence of benzene, -The tests carried oat
with banzaldehyde were: completoly negative, - Here no reaction takes place to
bogin with, bocause the ‘indicator thymolphthalein thows no blus colouration,
The same bohavicar was shown by vapillin already in an equecus sotutica, =

. Thereafter the “tosts wifh’:sbdi\m eulphite were soon. given up, a5 8
general application for the quantitative detormimation of the e ldehyde group -
_doss not‘sqem"po,ssible;ﬁith this method, ~ =~ - R

_The aldohydes combine also with =lknline bisulghites to give
orystalline eovrounds, e,gz, P T I R e R
" CHg CHO' + MaHSOz = CH3 C0R -

- These compounds are vory stable in aqueous solution and the bisulphite thus

~ cambined caznct b cxidised-by means of iodine, Aceording to Rivper 11)
if an equecus solution of the aldehyde is mixed with an ‘exceas of alimline
bisulphite solution of known ccncentration snd the bisulphite which s mot
cambined is determined after o certain time, the quantity of nldehyda pracent ‘
can be ewlunted from the amount - of bisulphite used up, .In the practical - -
tosts the aldehyde solution to be tested wae placed. into an iodins > nunber -
flask and mixed with 5 -to 10" timss the excess of. sodium bisnlphite 5 the



. <10~ -

unused sodium bisulphito vas back titrated with n/1¢ iodine; The following
-experirental procedvre vas ‘adoptedt. 10 cc. of the solution to be ‘examined -

js mized with & co of approx'imtely,fn/s godium bisuiphite'fsoijtion and the
‘mixture _s_ha’kbn'.f‘or\__zqt‘c‘40_,min_s.’ ‘in the presence of nitrogen. The vnused
EafiS0g is back titrated with en aqueous or slcoholic ‘solution of n/10 icdine ~
4']:6’(;3’31\@1ioﬁidej'»sbhwtiﬁon, T TN UEEENIRE S S

R

o f--_féraﬁéfi'che"&irferéheé ‘in the ‘titrution fizures obteined with 5 oo, of - .
sodium bidulphito;befme;and;aﬁet_’,reac_t,ion with:theﬁaldphyda the amoantof®

n/10 ¥a BS03 Teguired far the aldohydo under emmination is celonlated.

e ot of /10 1oty multighisd By 145 gives W amennt of elddhyie

© Fext pro 1‘1aényao‘i'n','an‘a1adhaii'e;sb'l,a_t;ibﬁfw’-s”éeé-héd.f'j'-rnme 2 ghows

7 the _r"es_nltsf””'me;a 1dehyde wvnlnes inererse with tre time ‘te¥en for shaling ‘the
samples, Tho somwé wag experienced: both :-:{’or:;aliphntic_-qncl_.' for aromntic aldehydes, :
‘ e‘g; bﬂnzaldahyde Tables. . S OB N - L vt g . » Ry

i Te\qging ‘mixed aldohydes in alcohol similarly gives ‘nd_‘co"n\s,itstent"’résnlfs,
Again the a;dbhyde‘,,value: ircrenses with the time £ shaving, Teble 4. R
. Inthe fp’i‘é'é'endé"of‘»:gaéoiim: the aldehydé values are lower !:hrong,hmt,
as ghomn by Table 5. Increasing the %ire of shaking however the aldehyde values
' jporesse sgnin, The 4ncreaso ic the. valus with the time of ghaking i~ - .

definitely reducibls to tho oxidation of the bisulphite. For ‘this reaadn

‘nitrogen was plwys led into the gompleg under test.: 'Again variations oe urred,

‘which protably ‘“'s'a:o“"d"hb*to'f'm'ﬁz‘e'i‘ot'y,‘lcss -gulphur dioxide being expelled Zrom the ’

bisuiphite. Tlowever working in on atmosphere of nitrogen is ‘preferable to the -

oxidation of the bisulphite; R RPN A e
_ Generally speaking however the bisulphite. process 48 not satisfactory

as the values ‘obtained in a solution of ‘benzeme are not aconrate, R

St Fufthif"oxrerimts‘mra,mrrie{émt]i_ﬁth dinit_:dbhenylhydrasiﬁé 4) e
.~ Aldehyde coubines with ,dinitrophenylhydraziha Y plready;ma_ntioned_éAﬁtp o give .
'/ hydrazenes, which are determined gravimetrically in the form-of ‘crystallins

- ‘ﬂn‘{'forﬁm'zgtoly:,‘ hméﬁéf, oniy arcmtic ai&éﬁydo_s’fk}a_ﬂ_‘ be deternined. S
" ‘msans of this resgent. - The results are indicated by Table 6, Test with
~aliphatic aldchydes wore unsuccegsivl, as vrotucts Fesulted which were liguid at

room temporature or easily atteined the moelting voint <hen dried, Az shom

~ for butylaldehyde in Teble & - alirhrtie nldehyles sre found to be too low. .

e the nldehyde soternination with dinitrophenylhydrazine is aot
:gener_any'appucable an ettempt was carried out to oxidise the aldehydes with
. hydrogen peroxide and: determire the resnlting acids volumetrically, Thie B

_ oxidation ws anly partly sucessaful even thovgh the tests were corriod out wmder

_ varying experimental conditioms. . . -

. Several tests with fuchain sulphurous acid &) were in agreement with
.ths exporience ‘of G, Dawkd ler and W, EggeragliiSS }2)1 thet only ina very o
" parrow range was there & connection between the colour’ toning and the con-
‘gemtration, < S T

o Tast's'vith_,hydroucylaminevhydtoch}.oride.‘to start with btrought bad resulis,
' These were carried out - in an alecholic solution end the colour change with the
jrdicator wsthyl orange wag not sharp. Only e ter exporiments in very dilute

alcokolic solution brought btetter results. This method was employed mainly

for the quantitative deternimtion 4n fuels, as conversion took place both for-
~ aliphaiio en? for nrqw'l:ie"f‘ld_ar_gyﬂes with _hydroxylemin e hydrochloride, - o

~- . . \



S Aldohyde Debcrmnauzon m. h Hvoroxylamme }Iydrochloride'}‘.i'f}*‘r .

. The nldehydo dotarrlmt:.on wrbh hyrh m:ylnmno hydrcohloride ia 'based
‘*on tho roaction‘ Sy , R i

‘J‘m oxine, v'ster auﬁ hydrochlor:c "015 are f‘ormod The hydrocbloric aoid fomd
15 titrated -ith caustic sodn, Pirst of »)1 tests were carried out with-
hydroxylamine bidrochloride to détermino: ‘the conditious t‘or"the’quantitativo
ostzminon oi‘ ﬂxe aldohydes in f‘uels. Ths following pomts !nva to ba obserwd

_ 1) Byﬂroxylnmine hyﬂrochlorido has to ba present Mgzvon oxcess. L S

'2) "‘he tests must not be carriod out in an alcoholio oolut:.on, as tha emd-.
‘point for methyl orango is not. sharp in alcohalic solutiuvn, Tlaen . .
‘.alcoholic solution o” the aldehyde is used i‘b is neces«nry to dilnte wﬂ:h
' water strongly. : : _ I , .
3) ‘rhe reuctivrw of the aldehydes vnriea in gensral aromat:.o eldehydea reaot more
RS alowly than aromatio aldehydos, It is thus nsocessary to leave the products
o*‘ 'l:he reaotion standmg :t'or some’. 'bime or to shake for a ahort time

4) It is oﬁ:en nocossary to uso a oomparison sol\rbion in order to detemiuo
-hhe oorrect end pomt ST L o , S

' ‘5) Temporatures highor then 20°C should be avoided Por the determimtion of '
aldohydes by mans of hydroxylamino hydrochlor:xde. ST ,»~ S R

. :_: Aﬁver soma exponmezrbation the i‘o’lowinp; method was: worlced out

, 70 10 o6 or fuol 26 co of 2 0,3% hydroxylamine hyarocmorme are added,
this mixture is shaken for 15 m*nutes or is'allowed 0 stana for -15: mimxtos,
_t8s resuliing hydroshloric scid is titrated with n/10 FaOF, = After a blanv
'determination, i,e0, vfier determininy the amount of u/10-KOH regqrired for ‘bhe
hyﬂroxylnminé”hydroohlorido 'rlone.the ermount actually required for the aldehyde .
“undor test can be calovleted, - The rmount of m/10 ¥OH used, exprossed 1nes.
and mxltiplied by 2.9 gives 1n mg, the amount of ‘aldehydo present in 10 cec, of
- fuel, In so far ag cmly traces of tho nldohydes are presen'b diluted stamiard
sqution of’ ROB. leava to be employed L - L _;
A
: Next fuela with kno'.m ammmts of butyl aml bonzaldohy&e are mixod and the
.aldohydes are determ:moﬁ according to the mothod deseribed, Fables 7 amd 8
~ indicote the resuits, In spite of the different treatment or all fuels o1 to
~ 93% by weirht of the theroretical butyl aldohyde content present iz feund. Tha .
_ rest consists - a8 willibe shown leter = mainly of mcids and produats which
are formed betwesn benzeno hydrocarbons: and aldehydos. The reaction takes -
slightly longer for: benzaldehyde,: (Table 8) which is' shewm by the faot that
carrying out 'bhe 'b:.tration :umnedza'bely after mxing low aldebyde values are’
' The teproduc:.b;hty of the benzaldehyde values is good for the sam fuel. ‘
_howéver becames worse if the comparieon is mde for d1fforent fuols, evvsn
thongh the basio fuels mdzeated in Table 8 cmtain no aldehydes. L e

. As d:li‘ferant aldohydos caa ba prosen'b in tho i‘nels s 8 mxture of.‘ propyl PN
hutyl and benzaldehyds was oxamined in the presence' of Leum =+ gasolina, oo
primary end Roumanian ga.soh.no. “As soon from Table 9 a completo transformi;ion '
--of -the.aldehydes by means of hydroxylammo hyﬂrochlorido results in most eases. -

—It-ig-szain notea~-b}at~whon titration is carriod ont immedistely too low =
aldehyde vnlues are obtained;. otherwise the. -Teproduoidility for the same fuel”
-ig good, The enhanced period of reaction is reducible to the presence of the .
benzaldehyde Tablo 9. showo f’url:%or that feor. nr..mry z-asana -‘cgo hizh

s -0 - .



e1z-

' aldehyde valves aro found. This is reducible to the aleehyde prosent in the

“pasic fuel, Frimary benzens combains: 5,05 mg. aldehyde in 10 co, of fusl. '
- Table 10, The other. fuels examined ere fres from ‘aldehydes; —after-allomnce
" has been mde for 1thevhas‘ic'aldehydes‘ .comparable. values ‘are obtained with .

‘primry gasoline to yeuma gasoline. and _Roumanian gasoline lof, the values
“indicated in ."’?"’"?3“’*'5&1‘.1"'Ta‘bl.‘,".{,g)? SN T e

17, Determinstion of Aldchyles in ho Presonce
bl n aot“ﬁl faot tho deterxunahon ofaldehydes in fuels by meanaof o
bydraxylamine hydrochloride gives mo difficulties unless other oxjdatlon ..
produots, as e,5. organic acide and poraxides are presont st the same Lins,

o .' A‘bova i‘h i';a.s. ‘bee‘u’x'f‘f ;"é_iv‘érreév'f ;!;‘o” that _élﬁd\é&&é §: are ‘oftén unsmblo. This :
“instability ir-apparent ‘especinlly in the presence of certain bydrocarbons,: N

_ which is confirmed by tho following tests. S S e
1t wan togted to wHat extent atmospherie oxyeen or axygen mresent in

" the fuel influences the acid—formmtion of rldehydo th’mining;fuele.’»-"Foi'f,th{a,' a

 purpese thonocid catent of butyl nldehyde and benraldebyde nlone ¥ms determined
‘At the samo time the acid content in mixtures of gasoline and butyl and

bonzaldehydo was debermined; the fuels used wero freo from acid,_In Rable 11 .
the acid values are collected, The ‘acid oontainied in butylaldehyde and - -
benzaldehyde -on the average .amounts- to 1,61 £0 14,34 weight per cent, The -

“acid oontent remains the same for butyl aldehyde in the presence of Roumanian

.. zasoline, howaver “inoreases in the presence—of leuna gasoli+d and esvarially -
in that of Richsboff 2, where it amounts to 25,45 weight per cent, The
aldehyde content Tor a-mixture of Bichstoff 2 + 42,9 mg.. butylaldehyda, ~fter
ctanding foll to 77.76 weéight per cenmt in contrast to forper values whish |

 explains the high acid cdfitent, e AL I UMD AL S

" For benzaldehyde smaller differcnces ocour in thd acid formation, . The -
highest dcid content with 19,63 waight per cent occurs for bengaldehyde in: ,
‘the presencs 0" Leums - gasoline, It is understocd that this semple containg -
~only 82,91 waight per cent @ldehyde,. - o RO T T

—~. " _Several of the semples shown in 'llahle_}.l_do_not;gim_mo% by weight
if the amount of aldehyde and the amount of acid present are added up, Tn . -
thase cases it is -supposed that cortain combinations take place between the

" hydrocarbons preseunt in the fuel and the aldehydes,  These compounis are still
further investipated at prosent. “Very thorough tests with sodium bisulphite -
for the determination of eldehydes in the presemse of poroxides wore -

> unsucoessfuvl, - Partly, the sodium bisulphite-is oxidised by-the peroxides -

““@o that e too high aldehyde walue is obtained; and partly the peroxides liber-
ate jodine from the jodine~potassiun iodide solutioen, which brings about a
“too_low aldehyde value, - IR, R S _

- Corresponding tests are being'cgrfiéa out-with hydroxylemine hydrn«éhlé'r»ideh :
_ Certe‘r perdaxides under ‘definite exporimental conditions do not influence the .
“ hydroxylamine hydrochloride golution, - . - 5 nie ] TR AN
Ty - S X e . ) ) - S e :
- ¥, Summary - T EER EEC I -

_ It is known tiat fuels tend to vneck mere or less sne also AifPerential
%o gum formation - this depending on their chemical composition, - The Vmesking.
" of ths fuel snd mimilsrly gum formation depends on the tendency. of combination
of the oxygen atom or molecule with the tqdrccnrﬁons"present, in the fuel, o
resvlting irn oxidation product 1like peraxides, aldohydes, ketones, ‘hydroxides
and aeids, ~hilst in some oases the “peroxides 1% stromgly lower the anti-
© knock value, aldehydes arc s ewkat effective only in the presence of lead. :
tetraethyl, They influence residue Formtion unfavourably, - BRI .



For 'i'he determinatzon of these ox:l.datlon produc{;s wh:.ch aro presen‘h in the ~.
fuols-special methods will have to be worked out, Tests ‘on perondea st
.determination have already been carrmd out ( and S

. In ohe present rcpori; only the dctermimtion of aldehydes in the presence
:."‘ot i'uels was desoribed,t The mothods ' ‘proposed for aldohyde dctermination wore:
‘sifted and collected fram the literature availeble, At the. sane time detailed

-oxporiments were carried out to dauermino ahphat:.c as wel]. as aromtio ,
i aldehydes in fuels.-‘% S , ; o : =

: ‘:hth sodmm su‘lphzte and sodium bisulphz.‘be especially in gasohne solution
dzf‘f:.cnltzes ‘arose, which prevent ssourate aldehyde walues being ol o’btamed g
“With- dmitrophanyl bydrazine’ only »r-metic rldehydes can beo ‘determined
quentitetively, ' The oridetion with hyarogon naronde wns. mocmpleta both m.th
aliphatic tnd’ with aro:m?tlc a]dehydes. S U Ter e :

The ‘bes'b results were obtamad v:it:h hydroxylamine hydrochloride acoordirg
to the method worked out, With this. reagent a genoral application yas poaa:.ble.
so that the- o.ldehydes present m the fuel are de'bermined a8 the -c group. :

As nydroxylamine hydroch'l ondc roi‘ers o the)(:a 0 group, Mdel'gdes smd
kotonas are evaluateﬂ esa sum oft tho two e ' :

L Experiments are stinwbemh carned mrb m the determimtion of'
- aldohydes -in -the presence of peroxides, . -



CTABIE T

- Doternimtlon of Buiglaldohydo with Sadium Sulpimto

The amount of‘
_"butyln'ldehﬁe
1n 10 cu.cm,

of mel

baastn

sotvont |-

phthalein)

(In&icator S

thymol- -

e 'Ehe o.mo\mt
“{of n/10 .
B Hcl naed

{ou, ‘em,.

e amovmts of butyl- o
o ﬂ)dehvﬂe ?ound '_

might i

‘,_*,vls.ss: B
- 16,68

“le.es

41,8

a8

.,_Aifq‘b‘b‘.ql,

e

1 shakcn for

titmted 1media-l;oly

anmd %o stand
for S 15 mins.

ghakoen for

ehaknn for R

15 mins,

30 mim‘

| z.o:‘ o

15 m‘n.s, 12099 e -

4,9

a7

73

o 4?«7'; S

’iaés.sg\;y“'

-] asu

| »;«u4z.al
40,51

17T

. 17.61

20,9

20,9
20,9

- Basoline -

‘_’,'Ei;h_'ftéﬂ "im;x‘i-,{,;;l; -

allowed to stand -

for - 15 minso...:

shaken for 30 mms_,

‘l;;trated imediatqu |

shaken for
. shaken for

15 mins,
30 ming,

2,08
. 2,46

240
2,08

R A
7,85

8.8

8,65

18,07

42,76

4578

ez
41,38 o
38,6




: "solntmn employed 5

Coe - Amount of - ﬁmwnt of propylnldshydo
" amount ‘6f propyl- _Treatment in atmosphere {o/10 NaBSOs og_ng :

._,amohydo, mpe o) ef nitrOgen. ST fueed, 8. % migkb %

4oz o | smkmgor | swmine | o082 267 e
402 | swmken for smins | 09 | z 70_7 __67.16';,

402 - | swwenfor. 10wins | 088 2 a6 | ss 85 -
40 | shekenfor . 0mms | 09 - |2 79 | eses

402 | sheken ';f_or 20 ming | 1,00 s 1 79.,35

e .| Sheke gor 20, mins | 101 s, 22,‘51‘*” eo 10

402 ] swaven o . ;.;zc,mig's.." 128 ] sz | .54
Caee | Smaken for 40 mine - 12 | s - 93.23

sz ‘Stalon for  40mins | 130 s | s3. 78
a0 | smkeafor  40mams | 152 | ses 95,37. s




TABIE S,

. Determination of bunzaldchyde with sodium bisulphite

e———

S .Amount of slcoholio; ” ‘ '
_’"teatment 1n ainnosgher

U solutzon used. DR
: ,-‘ benzaldohyde mg.

of mtrogen. .

2

,\.—‘/fw
: kmmmt oﬁ’ benzaldehydo
detennined

woight %‘

PRt
’4 19
4,19
V  .«4’19: )
.-,m‘g

”:”4;19 | r

| smakon for

n

w.

lpin,
1 .ng'in‘.

-1 min,

Cimin, |

i '46'.57' o
a057

e L

50,8
8,79
69,69

4,19
439 T

% T

5 4;'$h§kén;for

'Slmin;b

IR I

;o

_.._.n

PR

—swm

-4

e mj‘n.’ .

4,19
4,19
4,19

4,19,

Shakan for

Ca
on

e

10 min,
. ;Ohmin.

10 mino v

10 min, |

. 0’50

0,62
0.65
0,68

a0
a3

4,18

4.1/9'

.

L {.S#ake‘n;-for_

T
Cow

.‘ ‘n-'

‘30 rin;;

30.min,

0,65

v 30 m:.n.;

0,69

5,66

3,98
U SRR
3;71‘;, S

94,99

82,34

 88.5¢

= 87,36

[P

4,19

4,19
a9
caae

| swaken for -

40 min,

.. 40 min,

- ——40 min,

‘, 40,min,‘

0,78

0;8‘:

0,75

| oo

s.}_se‘ o

4\.',24

=Yy

94,99 -

h

- 8,81

/101,19

94,99
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| TABIB 4,

" Dotermimtion of Aldehyde Mixturos with Sodium Bisulphite

o _."'10 cc, alcoho?. i i R g
. zolution’ u..ed' f : Amoun‘b L T T
-mixture ef - of. v'»'zetemmatxon inen

. Amcunt “‘A‘xn‘duﬁt fffmxad aldehyﬂoa

aldehydc., prosent

'_..__.__,‘__;mgv RO NI .

n/5 mnsosx
g.tven.

‘atmosphere of nztro-
N gen. S .

found

| ?'lejﬁeigbt%

25

| ‘staken for

e

10 m.ns.,

'10 mins,

Cma

e

2.5

| snakon for - 20 mins. | 1

Lo

. ..20mins. | 3;

B A A

1,80

e oo‘_ |

T
2.5

| stoven ror

“'30 mns. 1.

’ 30 ’minsa b‘ te l‘

30 mzns.' .,

204}
| 208

Coae0

; "."‘;féif,so' :

»72.5 S
zs
a5

2.5

e

‘ 40 mins,
- 40 mins,

. -'40 mins,

0,96

0,95
1,46 .
1,48

© 1,39

RN

86,20

84,80

mw

2.5

Shgkeﬁ N

o

50 mins.

| j,&o mins, |

50 mms

+2:18 .

2,20 .

sreo
| ene

88,00

2.5

2,5

o Shaken for

n

60 mins,’
60 mins,

- Sﬁ,"miﬁs;

2,89

lear

95,60
96,40




TABIES

Detem:mt:.on ‘of Aldehydes f'in Iaun; urgoline. with
Sl boéx.um B:.sulphito Sl ‘

.10 co, Leuna’ Dol ” , ,
. Gasolino botemmuzm in nn RN e
' Amount: uaed 5 Aldchydo? ‘etmosphora of” nrbro- ;i —n/lo narsos 5 Amonni; found

’v-. ng, -'—~.—«"——» used i BRI :rcm :/‘L" el T “sed ',mgi,'-‘ ',"_“! Wig&t 4

O .‘ R 3N

88 39 Bﬁ’t&l-ﬁ-.”' ‘titrated iﬁw"e'eiétoii;.f s 8.09 o foeeas 75,98 »
- 38 89:_ SIS B ,Shaken mr 15 min, ,:~8 11'_‘_-1. o] 29,22

T

5839 S B Shaken for 30 mn.{ 805 | 2es | 3
L min | 8.6 - | 32,08 | 8548

-

16,68 Bonz- t:.tra'km? umamtely, ez |oess | e, 0

B L T Shavon for” 15 wim, | 170 |oe0- - | ssEe

1 e ['ij"‘ qhaken i’or 30 mn, | 2,07 | 1088 . ""ss a2

e ?"‘]_6.6_\:;;:#; - " i Shr"en 01 _-SO .m:n, 2l 2,17 o r 11‘51 B 59 95 RS

" "’ABIE 6

e Der!:arminatzogl of- I-ldehydes by means of d;n:.‘!:ro.. R e
Lo ' ?j_ “hervfhydrazma i _ : A

'Amétmﬁ"ji‘sevd,’ B e i) LN S e
. 10 co, Amout {ildehyde .. {-. . ..} " Aroumbt foumd.
-of aldehyde | - used,. . . - Solvemt . . s pmz. T T weight .

“ads |sewadabyte | ateowt | exs | s
g8 - | . | o less o | esas
‘3_38 E n ) Gasolzne Alc.{a 1)T.‘ 7'97 o 95‘1
T L (1-1{*{_&;'12, R Y
842 [Butylaldshylo }p.ieohql",": o }me | esas
sz | LA A = 697 B T U
8.;2 BT I “°°°1m° 3‘-10 (1 1) sse | 66.06
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Datermim..;on of- Butylaldehyde :n fuelu 'by maans oi‘

hydrnxylanme hydroohloride AT

10 ce used S

" amount

b“tylazaohyﬂ, DOE S
T

Solvent

pet e'rﬂmmsﬂmn;,;‘ o
“I{Indicator:

!«eth Orangc)

“3

: ? q/io non in
Ou,, qu

nmnunt butyinlaahydef 

Md.

wuight pg

.,;;4209:;;“7 s

a2
BTN

6.7
‘42;5--»

>Bi¢§§§¢f?;z

'léuné‘GaSQQ

4,88

9.9

18,35

. N

Rpun.Gaso«

fluitrated immediauﬂy

snaken for 18’ nxn::Q
: ‘ 15 min‘ -
ftatrated immeaiate1 
 shaken for 16 man,'a
Sha-ken for 15 min,

062
L DO TR

is 41‘f?ff‘""
a8
. 7254?5' 
vi4‘67; “V1
sl

545

2.3

-VS&»Olf"V
38.98

iv§9;27,‘A

o

88 98

39, 49f‘j

s.47

"?ffso 851"'7
e os*:

: fj92..671

‘01,69

e

- 92,40

92,35

oene
"192.64‘:n'

TAPLEB

.,etermmtion of Benznldehydo in fuels by ménng of' o

I

hydrcu:ylamne hydrochloride

10 co, ‘used . "

amount of

banzaldehyde

omge

Soivent: |-

\Determinahon
(Indicator !ieth
" orange).

n/lo’xon
in

cu, em,

Amount of benzaldehyda
. E—d. ;

weight 7

3

a2

" | Eichstoft 2

n_-

484

47,95
48,3
2215
5.3
\ 25 65

}.0548 o

9,92 - o
397

- | 16,Bichgaso % "

ey Leuna gaso.
| Roum, gasb,

Eichstoff z L w ‘|>!‘-

Swla

_;;Zﬁiﬁf@fédfimhédigtelyn

'Slxaken‘-foz;_' 15 mins,

S ow v Y5 mine,

15‘nuns 
"-u" s mins.
Allou;to stanﬂ 15nﬂn&
Shnkcn“for | 15 m:ms,
Allow,to stana 15 mins

15 "

nio e me T g

2,01 . .
416

436
4,41
.25
4.79 o

2.34 . '/’l

0,92

:°é7lf

2,02 -

’M__~46 77

22,37
- ‘\“ »«/
L4471
- 46,24

23.65;
‘e~so.so"
24,82
8,76
X \ 7‘953‘::;1. :

30,97

“'92‘44 |
LR
96,45 -
‘.96.83 ;
97,98

95. s1
88,13
518
f 76,po,
7,01
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LABIEQ  ’

Detemmation of e.ldohydo m.xtures (propyl ‘butyl
_and ‘venzaldehydo) in fuols with- hydrozyl- o

am:mo hydrochlora,de,

10 cc used'_»'_ 1o
: ',m:.xture of_‘*

K aldehydc

'_’.prosent in
om | sawen |

: ‘Dct‘e'rni;ké.tibn
(Indicator =
«L’eth 0;‘31150»)

- fa

Amount of aldehydo

wmd
weight %

',:;'sb;;s P

16,18

o 30;1§,@

azsr
o is,ss-;.; g 1
1875

18,76
13975

Louma Gaso,

-
) i

; Jtitratea :umved:.a uely

Shaken for

ol Stlked for
~|Spaken for
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