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n-PENTYL-z-PYRIDYL KETOXIME AS A SELECTIVE 
COLORIMETRIC REAGENT FOR COPPER 

Jkparhaent o/ Chemisfry. Texas Technological Cotfege, 
LlrbDock. Texus (U.S.A.) 

(Ihxcivcd i\ugust 18th. 19G3) 

Several pyridinc-a-oximes have found application as colorimctric reagents for copper 
and iron, Examples include pyridine-z-alcloximc 1.2, 6-methylpyridinc-z-aldoxime”, 
methyl-2-pyridyl kctoximc4, and phcnyl-a-pyridyl kctoximes. In most of the fore- 
going cases the determinations arc subject to interference from a fairly large number 
of commonly occurring ions. In the prcscnt work rt-pentyl-a-pyridyl ketoximc has 
been shown to have a sensitivity for copper which is lower than that of the afore- 
mentioned reagents, hut to possess a much higher degree of selectivity toward this 
element. 

Malevials and eqtcifinterrl 

Standard coppcv solrrfion. A 0.01 M solution was prepared by dissolving 0.6354 g of 
clcctrolytic copper (Matheson, Coleman and Bell, Norwood, Ohio) in IO ml of conccn- 
trated nitric acid and diluting with water to the mark in a x-1 volumetric flask. 

Hydroxylanr?nonittrrt chloride. A roOfO solution was prepared by dissolving IOO g of 
hydroxylammonium chloride in 900 ml of water. 

n-Pcntyl-spyridy1 kcloxirrre hydrochloride. The corresponding k&one was prcparcd 
from x-bromopentanc and 2-cyanopyridinc and was oximated with hydroxylammo- 
nium chloride. 

Fifty ml of anhydrous ether, 6.76 g (0.28 molts) of magnesium metal and a few 
crystals of iodine were introduced into a r-1, g-neck round-bottom flask fitted with a 
stirrer and a condenser. Fifteen ml of a solution of 31.4 ml of I-bromopcntane in 50 ml 
of anhydrous ether were introduced into the flask, and when the reaction started the 
remainder of the x-bromopentanc was added dropwisc with constant stirring at a 
rate sufficient to keep the reaction at rcflux temperature. An ice bath was used to 
help control the tcmperaturc. When the addition of I-bromopentanc was complete 
the reaction mixture was stirred for one hour while cooling to room temperature. 
A solution of 24.5 ml (0.25 moles) of 2-cyanopyridine in 200 ml of anhydrous ether was 
dropped into the cooled Grignard reagent with constant stirring over a 2-h period and 
the reaction mixture was stirred for 8 h at room temperature. A cold solution of 50 g 
of ammonium chloride in 200 ml of water and 50 ml of concentrated hydrochloric 
acid was added to the reaction, and the mixture was stirred for 5 h. The ether layer 
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was separated and retained. The aqueous layer was refluxed for 2 h, cooled, made just 
alkaline with sodium hydroxide, and extracted with 4 I5o-ml portions of ether. All 
of the ether fractions were combined and distilled. The colorless fraction distilling at 
II&-IIcy at a pressure of II mm Hg was collected. The n-pentyl-2-pyridyl ketone 
becomes yellow when exposed to light, and must be stored in a dark bottle. 

Two ml of n-pentyl-a-pyridyl ketone, 6 ml of 5 M hydroxylammonium chloride, 
and G ml of 5 M sodium acetate were combined with IO ml of 95% ethanol and heated 
gently for z h. The n-pentyl-2-pyridyl ketoximc floated to the surface of the mixture, 
a red color indicating that it was contaminated with iron. The reaction mixture was 
extracted once with 20 ml of ether. The ether layer was retained and dried over an- 
hydrous magnesium sulfate. The magnesium sulfate was separated by filtration and 
a steady stream of dry hydrogen chloriclc was bubbled through the ether solution 
precipitating It-pentyl-2-pyritlyl lcetoxime hydrochloriclc. The crude product was 
dried under vacuum and then shaken with 20 ml of cthcr saturated with hydrogen 
chloride. The precipitate was filtered off and dried at room temperature under vacuum. 
Melting point: 149-151”. 

- .. 

A 0.01: M solution of vr-pcntyl-2-pyriclyl kctoxime hydrochloride was prcparcd by 
dissolving 0.573 g in 250 ml of water. 

All spcctrophotometric data were obtained on a Beckman Moclel DU spectrophoto- 
meter using matched x-cm silica cells. 

All pH mcasuremcnts were made on a Beckman Model 76 pxc mctcr. 

?z-l’cntyl-2-pyritlyl ketoximc hydrochloride is a white crystalline solid, soluble in 
water and insoluble in cthcr, carbon tctrachloride, and benzene. It is hygroscopic and 
must be stored in a desiccator. Aqueous solutions are colorless and arc stable under 
ordinary laboratory conditions for at least a month. 

The reactions of n-pcntyl-2-pyridyl ketoximc with metal ions are very similar to 
those of the lower homologucs of the series. These reactions arc summarized in Table I. 

RISACTIONS Of? tZ-I’ENPYL-2-I’YRIDYL KIITO.XIhllC WIT11 VhRlOUS ChTlONS 
-.----- 

Culiorr 
Color 

-. -- ._- .._.....__ -___ 
PI-l a.o-6.0 p1.i b.o-ro.0 

Iron(I1) Orange l’ur13lc-red 
Iron(III) I’dc orange lklc red 
Coppcr( I) I%~lc grccnm Yellow-grccnl~ 
Coppcr(KI) Green Green 
Cohlt(I I) Ycllow~ Yellow 
MMlgiUlCSC(I1) I’alc yellow l’ulc yellow 

-_- 

m Solid forms 
1) Hydroxitlc forms at approxinmtcly ~II 7 

I\‘eactim witlr coppar 

When a 5-fold excess of qt-pcntyl-2-pyridyl ketoxime is added to a solution contain- 
ing copper(1) a solu!)le green product is formed. On standing for a few minutes a 
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green precipitate settles out. This material was separated, dried at 1x0~. and analyzed. 
Calculated for Cu(C11HlehTzO)Cl - x/2 HzO: C = 43.98O/,, H = 5.7x:%, Cl = 11.82~/,. 
Found: C = 43.87%, H = 5.77%, Cl = 12.o1~/~. The copper compound precipitates 
from aqueous solutions above I)H 1.5. At about PH 7 the compound decomposes, 
leaving a residue of hydrous copper oxide. The copper(I) -oxime compumd is soluble 
in chloroform and in isoamyl alcohol and can be extracted into these solvents from 
aqueous suspensions. This extractability is cxploitcd in the spcctrophotometric 
procedure for copper described below. In isoamyl alcohol the copper(I) -oximc com- 
pound conforms to Beer’s law in concentrations up to 5.G - 10-4 M and hnsa molar 
absorptivity of 2650 at 3Go m+ 

Weigh out a sample containing less than I mg of copper and dissolve in nitric or 
sulfuric acicl or in aqua rcgia. Ry the addition of sodium lyclroxidc adjust the pH to 

between 2.5 and 3.0. Acid 20 ml of xoOA, hydroxylnmmonium chloride, 5 ml of 0.01 M 
oxime, and extract once with 15 ml of isoamyl alcohol. Allow the layers to scparatc 
and reject the aqueous phase. Transfer the organic layer to a 25-ml volumetric flask 
and dilute to the mark with isoamyl alcohol. At the end of I h, detcrminc the absorb- 
ance of the solution at 360 rnp. 

Inflite?rcc of foreign ions 

The effect of foreign ions on the C~CtCtTnitl~~ti~~~l 0f copper l.>y the fOWgoillg mCthOC1 

was examined. The metals chosen. were those which form colored complexes with the 
ligand and those usually associated with copper. The results arc summarized in 
Table II. Cobalt(I1) forms a solid yellow compound with the ligancl which is also 
extracted into isoamyl alcohol and intcrfcres with the determination of copper by 
this method. 

l<FFLSCT OX’ FORISIGN IONS ON l-1115 DI!TITRLlINATlON Of 
COI’I’ICR WITII ))-P&STYL-1-I’YRIDYI. KISTOXIh115 

I’orcig?l ior Al& rafio Jorcigu 
iorr lo copper 

twg Copper 
-.. 

21 died Found 
--.---~ .- __.... -- _--.-.-_. _~ --_---- 

Iron 4 : 1 0.G35 0.63.5 
hrsenic(II1) 5: I o.fi3.5 0.635 
Cobalt(I1) .5:1 0.035 0 

Nickcl( I 1) .) : I 0.G3.5 O.(i3,+ 
Antimony( I I I ) .5:1 CJ.63_5 0.Gq1 

___. _.___ _____ __ .__..__ ___. ____ ._._ -_---___ .--- _-.....__.- -__ -.__ - --.-- 
m Complctc irltcrfcrcncc 

RESULTS AND 1)ISCUSSIO.V 

To test the reliability of this method a copptir dctcrmination was run on National 
Bureau of Standards Sample No. 53d. a lead-base bearing metal. In addition to lead 
and copper it contained antimony, arsenic, tin, bismuth, and nickel. Samples weighing 
0.2 g were weighed into 15o-ml bcakcrs, treated with 15 ml of concentrated sulfuric 
acid, and heated for 1.5 II. The mixture was coolccl, diluted with 50 ml of water and 
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the resulting lead sulfate was filtcrcd off using a porous bottom crucible. The above 
proccdurc was then followed. The results of the analyses are given in Table III. 

I~I!T&RMINATION Ol’ COPI’RH IN NATIONAL RURIZAU OV STANDAHDS SAMPLIS NO. 53d 

Santpie weigh! (g) Per ccrlf coppcv 

0.2002 0.533 0.266 
0.1431 0.381 O..ZOG 

0.2258 0.600 0.2G6 
Avcmgc 0.260 

N13S value 0.2G8 

_-.- ----- ._.- -_--_-.---_- 

This work was carrier1 out under Grant D-094 from The Robert A. Welch Founda- 
tion, Houston, Texas. 

SUMMARY 

rr-l’cntyl-z-pyrirlyl kctoximc hytlrochloridc has been prcparctl and cxamincd as a colorimctric 
rcngcnt for copper. It is leas scnsitivc thnn some rcagcntn, but shows s rcmnrknblc sclcctivity 
toward capper. The copper(l) -oximu compound can IX cxtrirctcd into isoamyl rrlcohol or into 
chloroform. In isoamyl nlcol~ol the colored compound conforms to IJccr’s law in conccntrntionw up 
to 5.G * to-.1 M and bus a molar ubsorptivity of 2Ggo at 360 xn/~. A proccdurc for tlic colorimctric 
tlctcrmimition of copper is given nnd its reliability is shown. 

Lcu nutcurs ont cffcctud unc dtudc sur Ia prdparntion ct I’utilisation du chlorhyclratc dc n-pcntyl- 
2.pyridylc&oximc, commc rdactif colorimdtriquc clu cuivrc. Srr scnsibilitd cst infdricurc h ccllc dc 
ccrtairia rdnctifs, mnis sa sdlcctivitd cst rcmarquat,lc. 1.c composd obtcnu pcut ctrc cxtrnit dims 
l’rrlcool isoamyliquo ou danv Ic chloroformc. Unc m&ho& cst proposdc pour Ic dosogc colori- 
mdtriquc ctu cuivrc. 

rr-Pcntyl-2-pyrirlyll~~toxinr-lly~lroctilori~ wurtlc hcrgcstcllt untl nls kolorimctrischcs Rcngcns auf 
Kupfcr gcprllft. Es crwicn sicll als uncmpfindlichcr, dJW wlcktivcr als nntlcrc Rcngcnticn. 1% 
ICupfcr(1) -Oxim-X’crbindung knnn mit Isonmylnlkohol otlcr Chloroform cxtmhicrt wcrdcn. Fiir 
clic gcf!trbtc Vcrbintlung ist in Isoamylalkohol dns Bccrschc-Gcsctz his zu cincr Konzcntmtion 
von 5.G - IO- J M gilltig. Die molnrc ?\bsorption bctr!igt 2G50 hci 360 rntl. 
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