
ANALYTICA CHIhIICh ACTA 

VANADIUM 8-HYDROXYQUINOLATE AS A REAGENT FOR THE 
DETECTION OF ALCOHOLS, THIOLS AND AMINES 

The black complex of ~-llydro~yq~lino~ine with vanadate (“vanadium %hydroxy- 
quinolate”, (C,H,ON),VO.OH) is known’ to be slightly soluble in pure bcnzcnc and 
chloroform to give almost black solutions, but in commercial chloroform a bright red 
solution results. The difference has been ascribed2 to the presence of alcohol in the com- 
mercial chloroform, and the colour change has been employed, in aqueous media, as 
a clualitativc test for alcohols 3. A mcchnnism for the reaction has been proposed, and 
the pure chloroform solution used as a test for some alcohols by BIELIG ASU BAYEIZ~. 

The present paper examines the reactions of most types of alcohols, and, indeed, of 
most classes of organic compounds, with vanadium %hydrosyquinolatc and extends 
its usefulness as an organic analytical reagent. The authors proposc to publish scparatcly 
further observations on the mechanisms of the reactions involved. 

The cotnplcx was found to be more soluble in tetrachloro-cthanc and a-dichloro- 
bcnzcnc (solutions up to IO/~ have been prepared) than in chloroform, giving solutions 
that were shown by chromatogrnphy on alumina to contain one species only, but only 
sparingly soIubIc in trichloroethylenc, tctrachloroethylcnc and pcntachloroethanc. The 
action of heat on a commercial tetrachlorocthane solution leads to the formation of 
a blue colour that is known4 to bc due to the formation of an inner-complex salt of the 
formula [(C,H,ON),.V(OH),]Cl with the hydrogen chloride that arises from hydrolysis 
of the solvent by small quantities of moisture that arc normally prcscnt. A rigourously 
dried solvent does not cause this colour change, unless the reagent solution is exposed 
to light for a long period, when the photochemica.lly produced hydrogen chloride again 
forms the blue solution, Similar reactions with organic compounds are obtained with 
the black and blue forms, but the blue variety was found to be less sensitive than 
the black. 

Vattadrtotr 8-ltydvosyqtrittotaton. TJ n hot. weakly acid solution of ammonium vanaclatc, 
buf&d with ammonium acetate (pn 3 to G). add a z”/& sdution of AR ELhydroxyquinolinc in 5n/0 
acctx acid until prccipitntion is compictc. Collect tbc black prccqGtato on a smtercd-glass flltcr, 
wash with 11z.t wntcr and dry at xzoo C. Purify by l>iling the finely crushed product with benzene 
to rcmovc co-prccipitatcti S-hytiroxyquinolinc, flltct, wash with hot bcnzenc and dry at 120~ C. 

2. I’ctroclttoroctltatte. Dly B.D.I-I. technical tctrachloroethanc over freshly ignited lime. 
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3. o-~,iclrlotder~~enc. Pistil 13.D.11. technical o-tlichlorobcnzcnc. Reject the first 5o$!, and collect 
the fraction of boiling point 180-I 8z” C. (By means of the reagent the presence of alcoholic hydroxyl 
groups may bc dcmonstratctl in some spccimcns of technical o-dichlorobenzcne). 

,+. RengenL solulion. Disrolvc x8-19 nq of vanadium -8-hydroxyquinolatc in 250 ml of dry tetra- 
chlorocthanc by warming to 70-80 o C. The resulting solution is approximately z-ro’4M. 

The rcagcnt solution may alro bc prcparcd rapidly and directly from ammonium vanadatc and 
S-hydroxycluinolmc as follows: tliqsolvc 50 mg of AR 8-hydroxyquinoline in IOO ml of tetrachloro- 
cthanc or o-dichlorobenzcnc, and add approxirnatcly 50 mg of AR ammonium vanadatc. Maintain 
the mixture at 130’ C for half an hour, cool and filter. Dilute, if necessary, to give a solution of the 
silmc colour intensity as the rcagcnt prepared from the solid. The reagent prepared in tlus way is 
not so sensitive to small quantltics of alcohols because the cxccss of 8-hydroxyqulnoline inhibits the 
colour change from bl:lck to red. 

Xcnclions o/ tile tctmc?doroellrnne sohrlio9t 

P~OCLW?itYdA To x-2 ml of the rcagcnt solution add 2-3 drops, or about 0.x g of the 
compound to lx.2 tcstecl, (this corresponcls to a molecular ratio of 5000 : 1 for a molecular 
weight of 100). If no colour change occurs in x0-x5 minutes, warm gently and examine 
the solution after it has cooled to room tcmpcrature. 

‘I’hc following tilblc summarizes tlic results ohtainecl : 

1. 

2. 

3. 

4. 

COMPOUND 

Sintplc nlcol~ols 
Mcthnnola~4, cthanoP~4, Cso-propanol’Ja4, n-3, 
SIX-, leul-butanol, m-pcntnnol”, dccyl alcohol, 
trl-pz-nmyl cnrbinol, cctyl alcohol, 2 : +lihy- 
droxy-z-methyl pcntanc, z-hydroxycthyl mc- 
thy1 ether, glyccrinS, diacctono nlcoholY, ally1 
alcohol, cyclohcxanol3, bcnzyl alcohol. 

Pcntncryt1~rit01, triphcnyl cnrbinol. 
Higher polyhytlric c~lco1~ols (mannitol, sorbi- 
tol), simple sugars and sugars with two or 
thrco bloclccd hydroxyl groups. 

. 

TJriols 

Ethyl, bcnzyl, p-rntrobcnayl and leaf-butyl 
mcrcaptans. 
Tliiophcnol. 

f1 rriincs 

(a) Aliphatic. 
qr-butylaminc, tctrailccylaminc. 
Triethylaminc. 

(b) Aromatic. 
Aniline. 
Methyl aniline. 

Dimcthyl nnilinc. 

Pyridinc. 
Diphcnylaminc. 

REAC PION 

Black to permanent red in the cold. The lerl- 
alcohols react much more slowly than the others. 
(The colour with bcnzyl alcohol slowly fades 

to yellow.) 

Black to dark purple on warming. 
No change. 

. 
Black to bright green in the cold. Turned Icmon- 
yellow by a large excess. (Except fcrl-butyl.) 
Ulnclc to green to deep yellow in the cold. 

Black to light golden yellow in t.1~ cold. 
Hack to light green in the cold. 

Black to dark px?n in the cold. 
No rapid change, hot or cold, black to deep 
orange-yellow ovcmight. 
No rapid change, hot or cold, black to dark 
green in two days. 
Ulaclc to yellow on Warming. 
No change. 

5. Pcr0.1 irlcs 

Dibcnzoyl pcrosiclc. 

Rcferemes p. 7 
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G. 

8. 

9. 

I&-butyl hytlropcroxidc. 

fert-butyl hyclropcroxicle + ethanol. 

Carboxylic acids ajrd pJle)roZs 

Acetic acicl4, pheno13, phloroglucinol. 
Trichloroacctlc acid. 
Caproic, stcnric ant1 mucic acids. 
‘I’hloacctic acid (CH,.CO.SII). 

z-Mcrcaptocthanol. 
Dietliylctllanolnnlinc. cthnnolanlinc. 

Amino-act&. 
‘Thio-urea. 
l’llcnyl tllio-urea. 
x :~-l~1mcrcapto-2-hy~lroxyprol~~~nc. 
x :3-Dimercirpto-3-l~y~rrJxyl,ropanc. 

-I’hioglycoll~c acid. 

Iicto- E1101 f(llftO?~JCb’S 

Dicthyl mnlonntc, ethyl ncctoacctatc, I :.I :-)- 
tricarl,cthosy-x-cn-j-one. 

-1lis~cliir~~eoits cor)rpolc~lds 

Dicyclolicxplidcnc glucose. 
DL-Ycniclllaniinc hyChJChhrlC~c. 

Xctllyl cstcr of the above. 

S-(3:4:G-triacctyl D-glucosyl)-1~il~erItlcnc. 
z-phcnyl-~-tl~io-~:G-dinrcthyl-~-kcto-u-tria~inc. 
z-Thio-~-carbctl~oxy-~:~-tl~~nctl~yl-thinLolidinc. 
Dimcthylglyoximc. 
Diphcnylcarbazidc. 

Grcy emulsion in the cold, going brown in nn 
hour and finally yellow. On hcnting, grcy to 
yellow oia a fleeting red. 
Ulack to red (normal alcohol rcxtion), tllcn 
fading to yellow in two hours. 

Black to blue in the coltl. 
Immediate black to blue, green with csccss. 
So change. 
13lnck to blue to dalk green to light green in 
tllc coltl. 

Black to orange-yellow in the cold. 
Ulack to rctl lnstantnncously, soon fatling to 
yellow. 
No chnngc. 
Ulnck to tlark green on warming. 
13lack to green overnight. 
J3lack to green to yellow in the colcl. 
Black to red to yellow-brown in tllc coltl, slowly 
f;xlrng to yeliow. 
Dccolorizccl in Chc cold. 

No cliangc. (Commcrcinl ncctoncctic ester con- 
tains ctllanolantl gives the usual alcohol rcnction). 

Black to dark purple on warming. 
13l;Lck to blue in tllc cold. 
1Zlack trj blue in the colcl, going green on warm- 
ing. 
13lack to yellow on warming. (‘LIc former prob- 
;~bly p;Lrti;Llly dccomposcs to pipcriclcnc.) 
X0 chzingc. 
Ulack to brownish-yellow on warming. 
Ulnck to yellow-brown in the cold; becoming 
clccp crimson on stanrling. 

xo.Thc following classes of compauncls do not I-Iydrocrrrlxms, halogcnollydrocnrbons, ddchy- 
rc;ICt with the rcagcnt: tics, kctoncs, ctllcrs, amino-ncids, nitro-com- 

p3untls, nitrilcs, esters nnd simple sugars. 

Corzclzrsiorc. Vanadium Y-hydroxyquinolatc is a specific rcqpt for the clctcction 
of alcol~ols, a colour change from black to reel in ttlc cold lxing a positive reaction. Only 
those alcohols which arc completely insoluble in tetracllloroctllallc (e.g. mannitol and 
siniplc sugars) do not rcxt. The rcagcnt is not coml)lctcly specific for amincS; tile ma- 

jority give ;I golden yellow colour, but some react very slowly and others not at all. 

All thiols react in ;I, fairly uniform manner, but some arnincs react to give ;L golden ycllo~ 

colour which is not CaSily clistinguishablc from the lemon yellow produced by thiols. 

The o-clichlorobcnzcne solution may be used as a rcagcnt for acidic substances: ZL colour 
change from black to blue is caused by low molecular-weight ciubxylic acids, phenols 
and al 1 hydrochlorides4. (If any substance which is not dry is added to the rcagcnt in 
tel~uchlo~oc~/uuzc and the solution warmed, the black colour chnngcs to blue.) 

_Refeverrces p. 7 
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Notes: (i) l’hc mixture should not be hcatcd strongly when testing for alcohols, as 

the red colour of the solution fades at high tcmpcraturcs. Howcvcr, in nc:Lrly all instan- 

ccs, except in those of some cyclic alcohols, the colour returns on cooling. 

(ii) Most compounds that do not react with the rcagcnt, do not intcrfcrc with the 
alcohol reaction, but phenols (including 8-hydrnxyquinolinc) and low molecular-weight 
carboxylic acids inhibit the colour change from black to red when only small amounts 
of the alcohol are prcscnt. 

(iii) The tctrachlorocthanc used in making up the rcagcnt solution must hc dry, 
if the clamp solvent is usccl, the solution may bccomc blue on long standing. l’hc hluc 

solution gives tllc s;Lmc reactions as the black solution, but is less sensitive to small 

‘amounts of alcol~ols, since the colour change is inhibited by acids. 
(iv) Similar results arc obtained by using a tctrachlorocthanc solution of the green 

nnhydriclc of vanadium 8-liyclroxyquinolate, (CJ-&ON), = VO-O-V0 = (C&ON),, 
which is preparccl by heating the black complex at 250” C for 30 minutes or by the 
prolonged boiling of its solution in tetracliloroctlianc under a dry atmospllcrc. However, 
the green solution is not rccommcndccl as a rcagcnt as it is not possible to dctcct small 

. . 
quantltlcs of thiols or amincs with it. 

w o-Dichlorol~cnzcnc is an cxccllcnt solvent for vanadium 8-hydroxyquinolatc ant1 
may be usccl in l>liLce of tctrachlorocthanc for preparing the reagent sollltion. The 
complex dissolves rcaclily on warming to give a black solution and the colour clots not 
change to blue on heating, cvcn if the solvent is moist, bccausc o-clicl~lorol~enzcne is 
not readily hyclrolyzcd. On licating the solution to boiling (x80” C), tlic colour fades 
to a light yellow and returns to black on cooling. This black solution gives the same 
reactions as the tctrachloroctlianc solution in nearly all instances, cxccpt that it is not 
turn4 blue by acids so readily. 

If the reagent is shaken with aqueous alcohol, the usual colour chnngc from black 
to reel occurs, the time required for a visible change clcpcnding on the nlcohol conccn- 
tration. The following reactions wcrc obtained on typical qucous solutions: 

Wiwc. On shaking the rcngcnt with an qua1 volunic of wine, the black colour changed 
to red almost immcclintcly. (No red colour is extracted from wine by pure tctrachlo- 
rocthanc,) 

BUY. The emulsion formccl on shaking the rcagcnt with beer tnltes a long time to 
scparatc into two distinct layers; the black colour of the rcagcnt layer lmcl chnngccl to 
a dark purple in two hours and to red on standing overnight. No colour is extracted 
from beer by pure tetrachlorocthanc. 

Blood. If blood was shaken with the rcagcnt a red emulsion resulted and no colour 
change coulcl bc observed. The blood was centrifuged to remove the red corpuscles, 
:md tllc clear liquid shaltcn with an qua1 volume of rcagcnt solution of half the usual 
conccntrntion. I3loocl containing I”/ of alcohol gave a tositive test in three hours, 
whereas normal 1~100~1 gave no reaction on standing in contact with the rcagcnt overnight. 

Sertsilivily of tlrc nlcol~ol-tE~lect~o,t rencLiort 

It was found that a ratio of 50 molecules of a primary alcohol, IOO molecules of a 
secondary alcohol or 500 molcculcs of a tertiary alcohol to one molecule of vanadium 
S-hydrosy-quinolatc gave a positive reaction in 10-15 minutes. 

I?ef6verkxs p. 7 
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The minimum satisfactory concentration for the reagent solution is IO-4M. In a 

micro-centrifuge-cone, the colour change may be seen with 0.1 ml of reagent + 0.1: ml 
of test solution. With a molecular ratio of 50 : I, this corresponds to approximately 
2o pg of ethanol in 0.r ml. Dilution limit: + in 5000. 

Similarly for the butanols, the limits are: 
_+o pg n-butanol at a dilution limit of I: in Z=JW, 

. 80 ,qg of set-hutanoi at a dilution limit of r in 1250, and 
-(oo lug of tert-butnnol at a dilution limit of I in 250. 

If the alcohol is left in contact with the reagent for 2.4 hours, a positive reaction is 
obtained with a molecular ratio of 12 : I, 25 : I and 125 : I for primary, secondnry 

and tertiary alcohols respectively. 

Light-absorption curves, mcasurcd in I cm cells with a Uvispck Spectrophotometer. 
arc 

(4 
(b) 
(4 
(d) 
(e> 
all 

g&cn for solutions of vanadium ~-~~yc~roxy~luinol~~tc in tet;achIoroeth~;ne (fig. r> i 
Mack solution in anhydrous solvent. 
Blue solution obtained by heating in moist solvent, 
Red solution obtained by addition of WI cxccss of cthnol. 
Yellow solution obtained by addition of an csccss of ethyl mercnptnn. 
Yellow solution obtained by addition of an csccss of ?t-butylaminc. 

of which contained 7.3 mg of vanadium ~-hydroxyc~uinolate in xoo ml. 

iTi)& I. ~Ibsorption cllrvcs 0C vanadiuni 
fM1ydroryquinoIate in tctrac?~loroethanc. 
A. IJlnck solution in anhydrous solvent. 
fZ Btuc solution obtnined by ltcnting in 
moist solvent. 
C. Red solution obtainccl by ndtlition of an 
cxcws of ethanol. 
1). Yellow solution obtained by nddition of 
iIIl e4ccss of ethyl mcrcaptnn. 
If. Yellow wlutloti obtamccl by addition of 
atI c’xccss of butylamine, 
All these solutions contained 7.3 mg of vana- 
dium 8-liyt!roxyc~uitlolutc per x00 ml. 

Convcvsio?t o! vannditrnr W~ydroxyqtGzolnte to th red form with increasing quantities of 
vnriom alcof~ols 

It is seen from the absorption-curves that the reel form has virtually no absorption 
above 7000 A, while the black form absorbs up to IOOOO A. ff the optical density is 
measured at 7000 A, the progress of the reaction may be followed. 

Batches of solutions, all containing the same concentration of vanadium S-hydroxy- 
quinolate, and containing increasing molecular ratios of ethyl, cetyl, ?c-butyl, set-butyl 

Jief&YeIlccs p. $2 
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and IdvL-butyl alcol~ols wcfc l)rcparcd. l’hc opticai density of each member of each 

batch was mcasurcd at 7000 A in a T cm cell with a Unicam S.1’. Coo Spectroplloto- 

meter; and curves wcrc plotted of o!)tical density against the molecular ratio of the 

a]coho! to the coml>lcx. Fig. 2 shows the curves obtained when the solutions had rcachcd 

qui!it)rium, (after about a wcclc). Smooth curves wcrc obtained in a!! instances, whether 

qui!ihrium had lxcn rcnc!lcd or not, provided that measurements on all mcmhcrs of 

a lx&Al wcrc made at tllc same tinxs after mising the reagents. 

13~ comparison with ;L set of standards, the rcagcnt may be used for the semi-c!uan- 

titativc dctcrtnination of alco!~ols, in the abscncc of interfering sulxtanccs. For quan- 

titative use, t!lc greatest accuracy is obtained if quantities ;LTC chosen to give a molecular 

ratio of lxtwccn IO and $1 of the a!coho! to one of vanadium S-!lydroxycluinolate (for 

p- :u~d see-nlcohols). It must 1x2 strcss- 

ccl tlmt tlw stanclarcls must lx 

trcatcd under conditions identical to 

those of the test solutions, as the in- 

tensity, w!licli a!~pcnrs to 1x1 clc!)cn- 

dent on an cc!uilibriurn Ixtwccn the 

black and the red forms, is sensitive 

to tempcratiirc. 

Big. 2. Ci~rvcs hll:wing tlw rclntion 
bctwccn optical-density at 7000 A ancl 
ItIOlCCUlilr KltlcJ Of alcohol to V~llZlC~lUlll 

8-llytlrosycluil~olntc 111 tctracl~loroctl~;~l~i~; 
tlic soluLmns llavlng rcncllcd equilibrium. 
A. Imf-butyl :rlcollol. 13. n-butyl nIc:~llol. 
Curves nllllost ltl~lltiGI1 Wltll 13. WCW 
KlVCll I,,’ Cthyl, SW-bIlt,‘l :IlId CCt,‘l dUJ- 

IWlb. 

rikhti~~~ cf/cct uf mAiuc gmuf5.s OIZ /AC rc~~g~wt, mil irrlc!rcorL~,~!rsiolL Of th rcnctio?L fiYOdl~/S 

I. Alcolrols (1 ,ut! III crca~tmts 

(n) Addition of a large csccss of ethyl mcrcal)tan to a solution turned red by a!>!“os- 

imately IOO molecular cc!uivalcnts of ctllyl a!cohol ci~tlscd a slow change from red 

through orange to yellow. 

(b) Upon i~tlditiol~ of a large csccss of ctllyl alcohol to a solution turnccl grcxnish- 

yCl!OW by il SlIlilll cluantity Of Ctllyl mcrcaptan, the colour slowly dec!xzncd through 
orange to x-ccl. 

2. .4zcollols rrd all1illC.F 

(B) Addition of a drop of iso-!xo!>ylaminc to a red solution containing a large 

csccss of ethyl alcol~ol cuuscd a fairly rapid fading of the colour through orange to yellow. 

(b) Addition of iI very large csccss of ethyl alcol~ol to a yellow solution containing 

a tl%CC of iso-pro!,ylnxiiinc produced no immccliatc cffcct, ttic solution Ixcamc ornngc- 

reel on standing overnight. . 

3. :1 IcoJrols rted acids 

The blue form of vanadium S-hydrosyquinolatc is less sensitive to small quantities 

of alcohols than the !~lacl< form. Addition of acids (the lower carbosylic acids or phenols) 

to n red solution causecl a partial rcconvcrsion to the blue form when only small quan- 

titics of alcohol wcrc prcscnt. 

1~cfeYorces p. 7 
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4" Mercaplans  a~d acids 

O n  a d d i t i o n  of  e t h y l  m e r c a p t a n  t o  a s o l u t i o n  o f  v a n a d i u m  8 - h y d r o x y q u i n o l a t e  in  
t e t r a c h l o r o e t h a n e  t u r n e d  b l u e  b y  a c e t i c  ac id ,  t h e  c o l o u r  c h a n g e d  to  g r e e n  or  y e l l o w  
d e p e n d i n g  o n  t h e  q u a n t i t y  o f  m e r c a p t a n .  A d d i t i o n  o f  m u c h  a c e t i c  a c i d  to  t he  g r e e n  
o r  y e l l o w  s o l u t i o n  p r o d u c e d  n o  c o l o u r  c h a n g e ,  b u t  f o r m i c  a c i d  c a u s e d  t h e  c o l o u r  t o  
r e v e r t  t o  b l u e .  

5. A ccderation o] the reach;on with alcohols by bases 

T h a t  t h e  c o l o u r  c h a n g e  f r o m  b l a c k  to  r e d  w i t h  a l c o h o l s  is a c c e l e r a t e d  b y  bases  is 
s h o w n  b y  t h e  f a c t  t h a t  e t h a n o l a m i n e  r e a c t s  m u c h  m o r e  q u i c k l y  t h a n  e t h a n o l  a n d  b y  
t h e  fo l l owing  e x p e r i m e n t :  2 d r o p s  of  e t h a n o l  w e r e  a d d e d  t o  ~ ml  of  t h e  r e a g e n t ,  f o l l owed  
b y  a d r o p  o f  n - b u t y l a m i n e .  T h e  c o l o u r  i m m e d i a t e l y  c h a n g e d  f r o m  b l a c k  to  o r a n g e - r e d  
a n d  s l o w l y  f a d e d  t o  y e l l o w ;  a b l a n k ,  c o n t a i n i n g  t h e  s a m e  q u a n t i t i e s  o f  a l coho l  a n d  
t h e  r e a g e n t  t o o k  a f ew  m i n u t e s  to  b e c o m e  red .  
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SUMMARY 

quant i ta t ive  deter~rlination e l  alcohols, leer comparable compounds  the rate of rcactton wi th  
N N ] [ --CHzOH, --CI-I~SII ] vanadiunt  S-hydroxyquino ln te  in as fotlow~: [--~tff=.  -~-~s tI, 7-7, 2~ 

> [---~Cl.:IOll, =CIISH] > [ 7::.r. COH, g~ CSll]. 
lli:/S U,XI t~ 

addi t ion d 'acides (ble~), d 'alcool (rouge, cn pas~ant par pourprc), de thiols Oaunc. en passant par  
vert), d 'amlnes (~aune, en pa~sant par vert), ~'L c~nthtion que ces rdtxctlfs soient  solubles dans Vhydto- 
cltrbure ehlord, Cc~ r•.xctions quMitattves, sen~tbles et spdcxfulucs, peuvent  ~tre utihs6es pour le dosage 
~emiquanti tat t f  des aleools. L a  nature  de~ ~ubst i tuants  tnf luence la vi tesse de  r4action avec 
I 'hydroxyquinoldato  de vanadium,  f o u r  ties conlpo~d, analogues,  cet te vitesse de r6action warle 
clans l 'ordre sutvant :  [ --NH:~, =NI-I ,  L~ N3 :>  [--CI'I~OH, - -CHaSH j : >  [ -~-CHOI-I, ~-,CHSH] 
> [:=~COl-I, !_--CSlI], 

ZUSA&I~IEN FASSUNO 
Da~ 8-I tydroxyehlnoleat  ¢on Vanadium (V) {C~t.IeON)2VO, OFI , i s t  in einer gewissdn Anzahl yon 

Chlorkohlertwasscr~toffen 1O.dieh und  gibt sehwarz blanc I~3sungen, Dmse LOsungen ikndern ihre Farbe 
durch Zugabe yon S~uro {blau), yon Alko!iol (geht es tiber purpur  ztI rot), yon  "£1uol (itber gran ztlgelb ) 
"con Amines (tiber grtin zu gelb) tinter der Bsdtugttag dass diese Reakt ive  in Chlorkohlenwasserstoff 
1Osiich sind. Diese qual i ta t iven Reaktionen,  empfindhch und speziefineh, kOnnen fbr semiquanti ta t ive 
Alkoholbestimmur~gen ~er~vendet ~verden. Die Art  der  Snbs t i t uen ten  beeinIlusst die Reakt lons-  
Geschwindigkei t  Init  Vanadium-hydroxychinole in .  F a r  analoge VetZbindungcn variiert  diese 
Ileaktions-Ge.,,chw, ndigket t  in :folgender Ordnung:  [ ~ N I - I  a, -~-NI-I, ~ i N ]  > [~CFIaOI-I, 
--Ct-IaSIt ] > [-~-CtlOFI, =Ct-ISH] > [ ~ C O H ,  -~CSlI].  
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