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I, INTRODUCTIOR

~ The spplications of organic reagents in snalyticsl chemistry
have increased substantially in the last few decades (2L). These
reagents are usually more selective for certain metallic ions than
inorganic reagents and the metalloworgenic compounds
desirable properties which meke for mvmisﬁ- W&ea& applica~-

often possess

tions, These properties include a guantitative separation or
differentiation from other mavterials present, formation of & definite
species, and possession of & measurable property. In gravimetric
procedures this would mean the formation of & pure precipitate of
definite composition obtainable in a form suitable for weighing.

When organic reagents first became popular, the prastical
applications far surpassed the maremal understanding of the
chemistry involved, However, in recent years investigations of the
strustures and strengths of the camplexes have been carried out and
with the aid of such kmowledge, new and better organic reagents have
been prepared.

One of the most widely used organic resgents is 2,3-butane-
dionedioxime, commonly called dimethylglyoxime. This compound is
a selective precipitant for nickel(Il) and palledium(II) and these
metal~dioxime complexes possess nearly all of the properties desired
for analytical applications. The one drawbssck of this reagent is
that it is only slightly soluble in water and must be employed in an
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L

follow the suggestions given in "Suggested Nomenclature in Applied
Spectroscopy” as adopted by the Joint Committee on Nomenclature in
Applied Spectrossopy in 1552 {56),

Considering 'khat the dioximes are prime examples of & nearly
ideal organic reagent, there were two reasons for the undertaking of
this research, First, it was thought that derivitives of 1,2
Wﬂlemmdim dioxinme

might possess the favorable attributes of
the unsubstituted, cyclic dioxime but not exhibit the unfavorable
properties. Second, the preparstion and study of a series of sub-
stituted dioxines would add to the knowledge of the relationships
between strueture, steric factor, and properties of the vie-dioximes
in partieular and organic reagents in general,



IX. PREPARATION OF SEVERAL ALICYLIC VIC-DIOXIMES
A« Review of the Literature

In 1923 Wallach and Weissenborn (143) reported that 1,2~cyclow
hexanedione dioxime reacted with nickel (II) ion to form a bright
red precipitate, Wallach prepared this dioxime by treatment of
1,2-cyclohexanedione with hydroxylammonium chloride and potessium

oxX: The 1,2-cyclohexsnedione was synthesized by the brom-
ination of cyclohexanone in glacial acetic aoid at ice-bath temper-
atures and hydrolysis of the resuliing mixture of dibremocyclo-
hexanones with cold, aqueous potassium hydroxids,

Gl

o, H, -
™ , {lm;% ‘ R

This method, however, is not suitable for an economic preparation of
molar quantities of the dions because of side resctions which lower
the yield conaidersbly (140, 1h1).



Treibs and Dinelli (127) obtained 1,2-cyclohexansdionedioxime
by the treatment of ¢yelohexanonecarboxylic seid with sodium nitrite
in cold, glaeial acetic acid, The 2-hydroxyimino-l-cyclohexanone
pmduaeﬂ was then converted to the vic-dioxime by treatment with
aqueous hydroxylasmonium chloride and potassium hydroxide.

i

4 /QB w=H

The main objeetion to this method is that the starting materials
necessary for the synthesis of wolar quantities of substituted

1, 2#cyclohexanedionedioximes are not readily available at reasonable
prices,

Riley, Morley, and Friend (106), Vine (132), and Rauh et al.
(103) prepsred 1,2-cyclohexanedienediexime directly from cyolohexanone
by oxidation with selenium dioxide in ethyl alcohol. Hach, Banks,
and Dishl (45) modified this procedure and cbtained the dione in &

63 per cent yleld, 1,2-Oyglohexanedionedioxime was prepared in a
55 per cent yield by reaction of the diome with an equecus solution
of hydroxylammonium chloride and potassium hydroxide. This method
is advantageous in that the cyclohexanone is available commercially
and the yield of the dioxime is sufficient to permit laboratery pre~
paration of molar quantdities.

The substituted 1,2-cyclohexanedionedioximes have not been



investigated as thoroughly as the parent compound, Wallach (143)
deseribed the preparation of some of the alkyl-l,2-syclohexanedione~
dioxiwes hy oximation of the corr
prepared by the bromination method deseribed for the preparation of
1, 2-cyclohexanedionediexime, He noted, however, that the ylelds

ing vice~diones which he had

were low,

Harries (49) synthesized 3-methyl-l,2-cyclchexanedione by heat-
ing 1,2-dihydroxy-l-methylw3=cyclohexanone with a 5 per cent
sulfuriec acid solution for two hours,

- The method hardly appesred applicable to the economical synthesis
- of several alkylated amlnm&ims because of the diffieuliy in
obteining the necessary intermediates,

Godehot and Cauquil (k2) synthesised 3-methyl-l,2-cyclohexans-
dlons and h-methyl-1,2-cyclohexansdione by the selenium dioxide
oxidation method of Riley et sl. (106), but they failsd to report
the experimentel details and the ylelds obtained., Godchot and
Cauquil reported that 2-methylcyclohexanone and J-methyloyclohexanone
reacted with selenium dioxide to give, not the expected diones, but
3~methyle3-cyclohexene-l,2«dione,




o5 s
‘ ¢
V4
T2 fz 8e0g ?{ oo
R
2 | @,
and
CH, Gl
R .
Smm FT
Gg&m G Gﬁ\c G0
|
Cily é“s

Since the selenium dioxide oxidation method had been applied to
the eynthesis of the methyl derivatives of 1,2-cyclohexansdione and
was capsble of 50 per cent ylelds in the case of 1,2~cyclohexanedione
itself, it wes decided that this reaction could be applied to the
synthesis of several substituted vicediones.

- The Riley oxidstion required monoketones as intermediates and
while in some cases the aliphatic substituted cyclohexanones were
available commercially, in others théy had to be prepared in the
labor&tm.y

Sabatier et al, (113) cbtained cyclohexanone in high yield bty
passing cyclohexanol over copper oxide at 300" ¢, Skita and Ritter
(12)) employed nickel powder as a catalyst and passed oxygen along
with eyclohexanol over the metal at 220* C,

A aimple method for the acid dichromate oxidation of cyelohexanol
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Hickel powder was used as & gatalyst by Sabatier and Senderens
(11h) for the reduction of cresols with yields of 90 per cent.
They employed hydrogen at 200° C. and 100 atmespheres for several
hours in order to obtain the excellent yields., This method has been
applied to the preparation of several alkyleyclohexanols with similay
resulte (82, Lk, 1022), Ungrade and MeLaren (129) used a Reney
nicksl catalyst with hydrogen at 150° C. and 100 atmospheres, end
reduced several phenols with ylelds of better then 90 per cent,

The hydrogenation method seemed to be generally applicable and

gapable of good ylelds and, therefore, was used in this work for the
synthesis of the intermediate cycloaliphatic alechols,

- 1% has been reported by Ipat'ev and Rasuvaev (59) that high
pressure hydrogenation of li-hydroxybengzolc scid over a Raney nickel

catalyst results in cyclohexanol and cyclohexansearboxylic acid and
not the expected L-hydroxycyclohexanessrboxylic acid. Edson (22)
reduced the li~hydroxybenzoic acid direectly o the saturated hydroxy-
acid by employing a platinwa oxide catalysti. The aromatic acid was
dissolved in ethanol and a few drops of a 10 per cent potassium
hydroxide solutlon were added along with one gram of the catalyst.
Hydrogen at L3 p.s.i. wes used for the redustion and the ylelds were

near 50 per cent,

Mitsul (79) utilized e Remey nickel catalyst and hydrogen at
150° C. and 85 atmospheres for 20 hours to reduce ethyl L-hydroxy-
benzoate to Li~carbethoxyoyclohexanol with a yleld of 78 per gent.
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A 95 per cent yield for the seme reduction was obtained by Martin et
al. (75) by the use of a palladized strontium carbonate catalyst.

B, Materisls and Apparatus

Activated alumina., Obtained from the Aluminum Company of
America, Orade F-200, A special high purity alumina for use in
chromatographie applications.

li-tert-Amyleyclohexanol, Research sample obtained from
Sharples Chemical Company, Wyandotte, lMichigan,

2+Methylphenol, Obtained from Eastmen Kodak. White label grade.

1,h-Dioxsne, Obteined fram Eastman Kodak. White labsl grade,
High purity dioxane required for the palladium catalized reductions
was prepared as deseribed in Vogel (133). One liter of dioxane was
refluxed for 12 hours with 2 melar hydrochloric acid while a stream
of nitrogen was bubbled through the mixture. After cooling, potassium
hydroxide was added to remove the acid and the water, When the
potassium hydroxide would ne longer dissolve in the solution, the
dioxane was decanted off the solid materisal and was allowed to stand
over fresh potassium hydroxide pellets for 12 hours. The nearly dvy
dioxane was refluxed with metallic sodium for six hours and then
fraetionally ﬁuﬁuu.sm through a 50-om. Vigreaux column. The fraction
boiling from 100* to 102° ¢. was collested for use in the reductions.

Hydroxylasmonium chloride. Obtained from Fisher Scientific
Company, Certified reagent,
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one at the bottom and the other one third down from the top. Twe
iron tubes were welded into these holes and then the upper tube was

onected to a steam line and the lower tube to a drain. Overlapping
rings of galvenized ironm were used for the top of the can to allow
for the heating of vsricus sized vessels.

1, Hydrogenation of phenols to slcohels

In several cases the alkyl substituted phenol was readily
available from gommercial sources at low enough cost to be used as
the sterting material for the synthesis of the vic-dioxime. The
phenols were reduced in a bomb by hydregen under pressure over &
suitable catalyst.

The procedure involved was as follows. The phenol was puri-
fied by fractional distillation through a 50-em, Vigresux column if
it was less than Eastman white label purity or its equivalent, One
mole of the pure phenol together with 2 gn. of Raney nickel catalyst
were suspended in 150 ml. of ethanol. The mixture was plased in a
high pressure ,W&gﬁg&t&m bomb and wmm was :Lntrudamd to a
pressure of 1800 p.s.i, After L0 minutes the temperature of the
bomb had reached approximately 150 C. and reduction started. When
the hydrogen pressure had fallen to the ealeulated end point, the
bomb was allowed to cool and the contents were removed, filtered to
remove the catalyst, and fractionally distilled rough a 50-gm.
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Vigresux column. Specific application of this procedure to each
compound will be discussed briefly and it should be noted that in
the case of the ethyl Li-hydroxybenzoate reduction, the method was
modified considersbly.

8, 2diethyl mmxmal. The 2-methylphenol was Bastman Kodak
white label and no further purification was necessary. The hydrogena-
tion proceeded when the temperature of the bomb resched 1L0* ¢. and
was completed in two hours, Obtained: Yield, 91%; b.p., 163* -
165° G. (758 mn.)s Ny0s 11636, Literstures b.p., 165° C.

(760 mm,); Ma, 1.h64ho (119),

b. 3-Ethyleyclehexanol. Practical-grade Jeethylphenol was
obtained from Eastman Kodak snd wes purified by fraeticnation
through a 50-cm. Vigreaux columm., The material boiling from 212° to

216* C. at 757 mm, was collected and employed in the hydrogenatiom.

Reduction proceeded when the temperature reached 170° C. and was
complete in two and one-half bours, Obteineds TYield, 928 b.p.,
185% - 190° G. (751 mn.)s Ng2°, 14650, Literature: b.p., 187° =
192° G, (760)5 N2, 1.h6k5 (145).

¢, 2,5-Uimethyloyclohexanel. 2,5-Dimethylphencl was reduced

with hydrogen at 150° C. for four houwrs. The original pressure of
the _}Wrogm was 1800 p.s.i, and the final pressure was 500 p.s.i.
Obtained: Yield, 9k bope, 64° = 65° €. (12 mm.); ndm* 1.L580,

Literature: b.p., 178" C. (760 mn.)j ¥,29, 1.1585 (120).
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b, JeEthyleyclohexanone. The 3~ethylcyclohexsnol was oxidized
with potassium dichromate in water at 55° G. Obtained: Yield, 82%;
Bspsy 110° = 115° G. (12 mm.)s N20, 10030, ILiterstarer b.p., 112° -
116° 6. (12 rm,); ﬁﬁw s no report found (72).

¢, 2,5-Dimethyleyslohexanons, The previously prepared 2,5-
dinethyleyclohexanol was mm@w the acid-dichromate mixture to
e corresponding 2,5-dimethyleyclohexanone, OUbtained: Yield, 82%;
bepey 176° - 179* C. (755 mm,) § “a y LUkh7: Literatures b.p.,
175° « 177° C. (760 mm.); N2, 1Lkl (73). |

d. l&*&sgn?m vk elohqmam. The hmigwpr@ymyemmvml

wag used without purification since the index of refraction was not
altered significantly by fractional distillation, The ketone was
obtained by fractionation of the ether extract of the oxidation
mixture. Obteineds Tield, 81% bup., 84° = 86" C. (10 mm,); ¥,%°,
1562, idteraturer D.p., 85° - 86° G, (10 man); %, 1563
(13).

oy Leyelohexanone. The hmmﬁmmymlamml vag
purified by fractional distillation under reduced pressure. The

fraction cellested from 112° to 115° G, st 12 mm, was employed in

the oxidations, Obtalned: Yield, 8i%; b.p., 110° - 113* ¢. (12 mm.);
m,pey 96° C. Literature: b.p., 109" ~ 111°* ¢, (11 mm.)§ m.p.,

98* ¢. (50).
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f. 4=(1,1,3, 3-Tetrametiyibutyl)-cyclohexanone, k~(1,1,3,3-
Tetramethylbutyl)-cyclohexanol was subjected to oxidation by the
acid-dichremate mixture and the L-(1,1,3,3-tetramethylbutyl)-
oyclohexsnone was obtained by fractionstion. Obtained: Yield, 85%;
bepey 91° = 95° €. (1 mn.); meps, 102° G, Literature: No report
found., |

g+ lh-larbet mhmmm* h=Carbethoxyeyelohexanol was
oxidized by the scid-dichromate method, but because of possible
lydrolysis of the sster grouping, the ususl procedure was modified.

In order to achieve maximum oxidation with minimum hydrolysis,
the literature wes investigaled ‘o see if kinetic data concerning
the two reactions had been reported. Smith and Steele (122) studied
the acid hydrolysis of several a}iyha&ie esters including ethyl
cyclohexanecarboxylate. While this was not the same compound in
question, i was belleved that the addition of the Lehydroxy group
would not greatly change the factors influemcing the rate of
hydrolyeis. Smith and Steele found that the rate of hydrolysis of
the ester was proportional to the hydrogen ion goncentration to the
first power and the log of the rate was a function of the sbsolute
tamperature. This functlon is expressed by the rate-temperature
relationship proposed by Arrhenius, that the log of the rate was pro-
portional to the reciprocel of the sbaolute temperature.

A sesond study by Westheimer and Novack (lik) on the dichromste
oxidation of iso~propyl alcohol to acetone proved thaet the rate of
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s pariod of 20 mimites. An ice bath was used to keep the temperature
below 25° 0. After additien of the oxidant was complete, the solu-
tion was stirred for one hour at room temperature and then extracted
with thres 100-ul, portions of diethyl ether. The ether phases were
combined and scrubbed first with 10 per cent sodium hydroxide and

then with a saturated sodium chloride solution. The base removed any
chromium remsining end the salt solution removed the base and avolde
ed the formation of an emulsion., The ether was dried with anhydrous
godium sulfate and evaporated from the kawﬂ%i* on & stemm bath,
The orude ki-earbethoxyeyolohexanone was distilled snd the puve
product collected. Obtaimeds Yield, 65%; b.p., 112° - 118° C.

(b m); 8,25, 1459k, Literatures beps, 156° G. (L0 mm.)

!iézs, no report found (6).

3. Oxidation of ketenes to vic-diones

Selenium dicxide was used as the oxldant for preparation of
the vic~diones required ss intermediates. The method reported by
Riley et al. (106) and modified by Hach et al. (h5) for the synthesis
of 1,2~eyclohexensdione was employed,

The following general procedure was used. One mole of the
alkyloyclohexanone was dissolved in 300 ml. of ethanol snd placed
in a one liter three-necked flask which was ‘qqﬁippoﬁ with a stirrer,
reflux condenser, and dropping funnel, One mole of selenium dioxide
wes dissolved in 200 ml. of 95 per cemnt ethanol and the oxidant was
added dropwise to the stirred ketons solution. The addition was
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A segond fractionation was garried out with a 50-cm, Vigresux
column and the diones were cbtained as colorless olls or solids
which upon exposure to air developed a yellow color. In the case of
the higher homologs, hot water was used in the condenser %o prevent
clogging by the mmixm dione, The lower boiling frastions were

fractionated a second time to recover the unrescted monoketones.
Individual preparations are desuribed for each dione.

B The 2-methyloyclohexanons

was subjected to mwsm by m selenium dioxide solution and the

dione cbtained was recovered by frmﬂmtim. The dione was quantie

o ta'b:lwlar hydramam emr plat&m mm mﬂ. it was found ‘bhat two

mlea of hvdrmn were abmrm per mla a’r dione. mmmde Yield,
M; bePes 8@’ - 85* ¢, (12 m.); MeDoy 62 G. mumtaw: MWDoy
- 65‘ ﬁ' g;hﬁ)o

. Belenium dioxide reacted

’with thhl,%«ew}.a_ anone to giw L-methyl-l, 2~cyolohexanedione,
Obtaineds Tield, 3u%j b.p., 90° = 95% 0. (16 mm.); m.p., 35° C.
Literaturet b.p., 84* ~ 86 C. (12 mm.)j m.p., 35° - 36° C. (69).

G .%m 11, 2~cyclohexsnedione, Treatment of Jeethyleyclo-

hexanone wi.th MMM diaxida 4n ethancl gave 2 dlone on rractiona~
- tion, The dione was hydrogenated over a platinum oxide ,mwth and
it was found that two moles of hydrogen weve absorbed per mole of
dions, Oxidation of the dione with potassium periodate gave a
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8, J-Metlyl-l,2-cyclohexanedionedioxime. The dioxime was

obtained by reacting hydroxylammonium chloride with the correspond-
ing dione and was recrystallized from bolling water. Obtained:
Yield, 60%; m.p., 164° - 165* G, Literature: m.p., 166" 0. (1k2).
Analysig--For QMaﬁz 2 G, 53.83; E; 7.Th. Found: €, 53.93;

Hy, T.52,

b, &%@l}g’l»&.w@lehem&mﬁm Oximation afforded
the mm 88 a white solid which gould be mmtallimﬁ from
boiling water, Obtaineds Tield, ?ﬁ%} m.p.y 181° - 182° 0,
Literature: m.p., 161" G. (142), Analysis--For CH, .0, t
Cs 530&31 ﬁ} 707&. Found: ﬁg 53@?93 Hy ?osﬁ-

B : Baxanecl ,
was recrystallised from boiling water and a white selid resulted.
Obtained: Yield, 65%; m.p., 179° - 180° G, Literature: No report
found, Analysis--For esamaﬁ% t 0, 56.hhy Hy 8,29, Founds (¢,
56.803 H, 8.23.

de

dimthyl@,ﬁ%al@hmdiam was oximated and the resulting vie-
diecxius was resyystallized from bensene and petroleuwm ether.
Obtaineds Yield, 52%; m.p,, 160° = 161° C. Literatures No report
found, Analysis-~For G, N.0, : C, 56.Lhs H, 8,29, Pound: ©,
56,873 H, 8.11,
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pressure apparatus iz not availsble most of the substituted gycloe
hexanols sre avallsble commercially at a moderate cost,

Oxidaticn to the monoketons did not requirs either spescial
equipment or expensive chemicals. Technical-grade potassium di-
chromate was employed as the oxidant, since m impurities in the
dichromate wers of an inorganic nature and did not contaminate the
final produst or reduce the yield,

Most of the remotions carried ont procesded in the same manner
for the verious homologs, but a few of them were different in
yields or productas,

All of the hydrogenatlons proceeded as expected and ylelds were
an average of 92 per cent. In the dichramate oxidation step, none
of the compounds reacied abmormally and the average yield of the
ketones was 83 per cent,

Oxidation of the monoketones with selenium dioxide geve the
expected diones in yislds of from 30 to LD per cent for the oyelo-
hexanediones substituted in the h-position, but for 3-substituted
homologs the yield was less than 20 per cent and for the 3,6-dimethyl-
1,2-cyclohexanedione the yield was only 2 per cent. These resultas
support Godehot and Cauquil (L2) in their report that 2-methyloyclow
hexsne is oxidized to J-methyle3-cyclohexene-l,2-dione with selenium
dioxide, Thls would account for the reduction in yield of the non
olefinic dione. The unsaturated dione would boil at & lower



33
temperature than the lemethyl~l,2-cyclohexanedione and would be
m@w to exhibit & yellow color becauss of the extensive unsatura~
tion, The lower boiling fraction, obtained by distillation of the
reaction w@mﬁa ﬁf aek&nmm dioxide and Mthylayﬁahammw, was
yallw m coler and mblbly contai
the compound mpmd by Godehot and quw.l (2;3}. They did m
report ﬁw :mm af M&wlumwmﬁwl,%&m that thny
amma and it could hava been mﬁlﬁ Hydrogenation of the sus-

sed the unrescted mencketone and

pected li-methylel,2-cyclohexanedione over platinum oxide indicated
that exactly two moles of hydrogen were absorbed per mole of dione
and this indicates that the dione isolated was the 3-methylel,2«
cyelohexanedione since J-metiyle3-cyclobexens«l,2-dione would be
expected to absorb 3 moles of wmm per mole of dione,

3=Ethyleyclohexanone when oxidised with selenium dioxide could
possibly have ylelded two diones, depending on the position of

?83 | 733 ‘Taa
Fe . fla | z“z |
GH cH '
/ ¥
Wy, a oM, afy gm0
CH, 0=0 CH, _C0 - CH. _C=0

W, @a&eﬁet and quuil reported t’hat the 3-methyleyclohexatione
yielded B-thrld-mlaml, 2-dione wmn oxidized with seleniun
dioxide. This could mesn that the 3esthyleyclohexanone might yleld
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3=ethyl=3-cyclohexena~l,2-dione. In order to show which of these
possible products was actually formed, the dione was reduced quanti-
tatively w&t;a hydrogen and it was found thal only two moles of
hydrogen were absorbed per mole of dione, This indicated that the
unsaturated dione was not a likely possibility since it would be
expected o resct with thres moles of hydrogen per mole of diens,

Potassium periodate was used to oxidige the dione and the result-
ing dibasic acid was charscterized as alpha~eihyladipic acid, The
acid melted at 49® €. and yielded & L-phenylphenacyl derivative
melting at 118° G, The alpha»uwzaﬁpi« acid is reported to melt
at 49* C. by Brown et al. (13) snd the bete~ethyladipic acid melts
at h8* ¢, They algo report the hﬁpmﬁgrlphenwl derivatives to melt
at 118" ¢, for the alpha~ethyladipic acid and 100" C. for the beta-
ethyladipic acid. On the basis of the melting point of the derivative
it vas decided that the acid m‘aph#w&shylwwin acid, 7This was
good evidence that the dione involved was J-sthylel,2wcyclohexanedione
since this compound would ylsld the acid found,

?‘3
3

i

alpha-ethyladipic ascid
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. stestiyledipic soid |
Again, it mst be mentloned that the yield of the saturated dione was
only 19 per cent and it is probable that some ojri‘ the 3-ethyl-3-
cyclohexene~l,2-dione was produced thus :ﬁawring m yield of the
desirved preduct, |

The 2,5-dimethylcyclohexsnone reacted with selenium dioxide to
form mainly & yellow product bolling at 75° to 95° G, at 12 mm. This
product vas most 1ikely 1,li-dinetiyl-2,3-bensoquinene. Only 2 per
cent of the 3,6-dimethyl~1l,2-cyclohexanedione was found indicating
%aﬁ* the aromatic quinone was probably formed as the major product.

The final step in the aynthesis of the vic-dioximes proceedsd

with m of the vic~diones as

expected with the average yield 55 per

gent,

The synthesis of h-oarboxy-1,2-cyolohexansdionedioxine required
special procedures in several of the steps, Hydrogenation of he
hydroxybenzoic acid over Raney nickel would not yield the correspond«
ing cyclohexane eompound, but by employing palladinm as catalyst for
reduction of ethyl h-hydroxybensoats, ﬁéwbaﬁmowmmul was
obtained,
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Again, in the oxidation the Li-carbethoxycyclohexanol was
special in that the danger of hydrolysis of the ester group existed,
It was desirable to retain the ester in order to make isclation and
purification of the mbaaqumﬁ intermediates easier,

The most difficult part of the synthesis of L-carboxy-1,2-
cyclohexanedionedioxime was the isolation step after the selenium
dioxide oxidation. The dicme is unstable to acid, bese, and pro-
longed heating and since the isolatien method requires extraction
into 10 per cent potassium hydroxide, some of the dione must have
been lost, The three functional groups on sush a low molecular
weight compound render it rather soluble in water and relatively
insoluble in organic solvents, Thus, without isclation the pure
dione was oximated to the dioxime which was isolated. During the
oximation reaction, the ester was hydrolysed to yield directly k-
oarboxy-1, 2~cyelobexanedionedioxine, Isolation of the h-carbexy-
1,2~cyelehexanedionedioxine from water was very difficult and in
order to obtedn the pure dioxine, it vas necessery to chromstograph
the material, The chromstographic procedure vas easy to carry out
even though the dioxie was colorless, since iy simply painting a
nicksl chloride stripe on the inside of the glass colum, the red
color sf}_tm‘jn&akuiﬁ@ chelate would form as the dioxime
passed down the colwmm.

All of the vic-dioximes were prepared in satisfasctory yields
except the 3,6-dimethyl-l,2«cyclohexsnedionedioxine and the
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srboxy=1s 2~cyclohexanedionedioxime, The 1,2-cyclohexanedione~
dioximes substituted in the L-position were obtained in yields

nearly twice that for these substituted in the J-position.

In Teble 1 the yields for the synthesls are tabulated, and it
can be seen thst the over-all ylelds for the L~substituted compounds
average 25 to 3O per cent from the phenol while the 3-substituted
compounds averege only 15 per cent, The 3,6~dimethyl snd hecarboxy
compounds are obtained in yields of 1 to 2 per cent and can hardly
be prepared in molar gquantities at a moderate cost,

Table 1

Tields of the Steps in the Synthesis of Substituted
1,2~Cyclohexanedionedioximes

e TILY ARt Sl o
% R 8
3-Hethyl~ 91 85 20
h-Hethyl- m— . 3k
3-Btiyl- 92 82 19
3,6-Dimetiyl- 9h 82
waﬁa?wué@ui - 81
hetertehuyle - 8l
 keOotyle® 93 85 .
iﬁaﬁ? 8. . 65

k.t

R e

3 8

-x..? f& w.?gwﬁwg%ﬁ .
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From the viewpoint of the preparation of the dioxime thiz work
indicates the most pramising reagents for use in amslytical chemistry
are the Lenatiyl-, l-iso-propyiey bntorteamyle, and kn(l,1,3,3-
tetranethyliutyl) 1, 2-cyclohexanedionedioxines.,
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A, Review of the Litersture

 Starting with the report by Tschugasff (128) that & compound,
dinethylglyoxine, ressted with nicksl to form a red, inscluble
somplex, dioximes have become widely used in the analysis for nickel.
It was soon discoversd that the functional pert of the dimethylgly-
oxime molecule responsible for the selective precipitation of mickel
p group, -C(=NOH)-G(=NOH)-, Purther, it was
found that the anti- form of the dioxime was the only ixomer that

would presipitate the nickel selectively. Several vic-dioximes have
besn reported in literature, Table 2 lists a few representative com-
pounds and their properties that have been proposed as snslytisal
resgents,

Table 2

Some Vie-Dioximes Reporited in the Literature

Helt Solubility
‘ing in water Color of
B point g, per  nickel (II)
| Gompound G, liter complex Ref.

2, 3-Butanedionedioxine 239 ok Red (6
1,2-Diphenylethenedionedioxine 236 <0.1 Red {123)
1y 2-Gyclohexanedionedioxime 187 8.2 Red (103)
' 1,2-0yclobeptanedionedioxime 179  L.B Yellow (135)
1,2+pi{2~furyl)ethanedionedie

167 0.8 Red (30k)
1,2-Cyclopentanedionedioxime 230 1.3 Red (13k)
1, 2-Cyclodecansdionedioxine 184 0.1 Yellow {13k)
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Bundle (110) has shown by 'pray structure determinations that
the nickel~2,3-butanedionedioxime complex is arranged in such a
manner that the x@eim& atom and the four nitrogen atoms to which it
is bound all lie in a plane, Further, Rundle and Godyecki (111)
have reported that in a crystal of the nickel-dioxine complex, all
of the individual complex planes are parallel te each other with the
nickel atams directly above one another. EHach plans is rotated 50°
sbout the nickel-nicksl axis from the planes Lmedistely above and
below so that the hydrogen bonds are as far apart as pessible. The
nickel-nickel distance was found to be 3.2k Angstroms which they
thought indicated a weak metal-metal bend, Rundle et % reported
that this weak bond might be the factor that is responsible for the
ualmgtn precipitation of the xx&akﬁl complex. They also studied
the palladium-2,3-butenediensdioxine complex aud found its structure
was quite equivalent to the corresponding nickel chelate.

~ Pech gt al. (92) have proved the niskel (IT), palladium (II),
and platinum (II) selts of 2,3-butanedicnedicxime to be isomorphous
by X~ray studies of the orystals, A series of mixed crystals of
the nickel and pallsdium eonplexss were prepared,

Beszi, Bue, and Schiavinato (9) have reported the structure of
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the cepper-2,3-butanedionedioxime complex and they found the
orystal to be entirely different from the eorresponding nickel
somplex, In perticular, the copper atoms are far apart with the
organic part of the molecule in between, so that no copper-copper
bond seems possible.

Mellor 333*3.. (‘?6, 76) were sbls to relate the uliraviclet
sbgorption spectra of several nickel (II) compounds with their
magnetic preperties, A strong sbsorption band was found in the LOO
m1lintoron region of the spestrum for all of the dlamsgretis com-
plexes of nickel. In chloreform solution several of the nickel (II)~
vicedioxine complexes exhibit an abwmﬁm somevhere .'m the reglon

of 350 w Wﬁ mmyaiwmm Even mn the nickel-dioxine gomplexes
| are not i.n solutien, but are mmmd in water, tha abwrpﬁm neay
00 millimiorons is present although ether aspsets of the spestra
ehange (13k). |

Yanada and %‘mwhmu (Ih?} have mwtmi the p@larimé specira
of the mmmwﬁl%wmmmmmma complex. ’ﬁ% light vibrating
1n the direction of the mamx»mmi h@mi, an m::rrptim peak ocours
st 500 milidmicrons while with the light vibrating in the plans of
the diexﬁ.m groups, a peak is @hsemﬂ at Loo millimicrons. This
uwm mypm the coneept that mw, ina uqumwpm complex in-
wolves absorption near 400 millimicrons.

The sbsorption spectrs of a material can be influenced by more
than just absorption of light by bonds in the compound. If conditions
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varying wavelengths. It is mamufactured by the Applied Physics
Cerporation, Pasadena, California. This instrument is useful from
220 to 900 nillinicrons sinoe it has quarts optios and interchange-
sble tungsten and hydregen lamps as sources. The Model 12 is
equipped with a double-prism monochremster in order to cbtain high
dispersion and low seabtering, The radiation receiver is & photo-
miltiplier tubs and the photemiltiplier output is fed through an
amplifier to a recorder which auwtematically plots sbsorbance as a
funstion of wevelength, This model hes & series of potential com-
trols called a "multipot” which permits correction of ummatched
cells, Oells containing the blank solutiom are balanced with the

aid of the "multipot" and then the solution to be scanned is placed
in the upper cell, The imstrument is started and s plot of sbsorb-
ance va. wavelength is automatically recorded with the blank balansed
out, The scanning speed for the wavelength and the recording speed
of the chart are both varisble and can be set for the partieular type
of work involved, whether it be high resclutien over a narrow weve-

length range or a quick seen of the ultraviolst and visible speotrum,

~ Beckman wwq§w§§a spectrophotometer, m&nw BU. ALl of the

readings at constant wavelength were taken with this
instrunent, Tvo of the Model DU instruments were avadlable, one
equipped with a tungsten light source for use in the visible region
of the spsctrum and the other with a hydrogen lamp for use in the
ultraviolet. The instrument equipped for ultraviolet work had a
photomuliiplier attachment which gave it a greater sensitivity.
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8. Experimental

The several vic-dioximes, the preparations of which were des-
cribed in section II of this thesls, vere recrystallized from water
or water-aleohol mixtures at least three times and then from a pet-
roleun wg?gga mixture. The melting peints, color, and solu~
bility in water were %@ag&o@ from the pure materials (Table 3).

The solubilities were studied by aﬁ?ﬂﬁﬁm excess dioxime in
.wm nl. of delonized water and shaking for one week at 25 C. Two
methods were employed to attsin equilibrium. Ope set of determina-
tions was made on solutions saturated st 25° . by shaking at 25° C.,
Method A, while gag set was made on solutions saturated at
90° C. and shaken st 25° C., Method B, This approsched equilibrium
from both sides and the true uﬁﬂﬁgﬂﬁ oould be bracketed.

Table 3

Physical wn%engg
of the Bubstituted wwgagggﬁga&%u

Substituted

3-Me byl 3.% ?..E ?e
JEthyl o245
heiso-Propyl 0.73
hetert-Amyl 0,023 _

w..?ﬁh <0.0001 <0.0001 A?Sg , ;

Ji 1, r w. w..?%ﬁ;gg%& .
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Teble b

Absorption Maxima for Substitubed l,&-ﬁ:r&sluhmmﬁimdi ximes
and Their Niekel (1I) Complexes in Chloroform

absorptivity ' ahwwﬁ.vﬂy ‘ abaoy mﬁw
' of dioxime of Wi (II) oomplex of Wi {Iii) complex
subaumm 232.5 milld~ 331.5 milidw 382,5 milli-
group miorons x :w“i* mierons x 103 miorons x 10™3

| 3-Methyl 7.8 2.?9 2,1k
beNethyl 7.8 2,79 2,15
eEtwyl 7.8 2.83 2.8
3,6-Dinethy). 7.7 2.82 2.8
!&wiaééPmm , 7,3 | '35‘79 2.38
botortedmyl 7.9 2.8 2.22
0o ty1® 9 gy 2.20

84-(1,1, 2, 3-Tetremethylbutyl) ,

chloroforn solution. It is noted that the absorption peaks are very
simdlar,

The spectra of the nickel complexes suspended in water were
scanned on the Gary spectrophotometer and two sbsorption peaks were
observed in the visible region of the spectrun. These pesks wers
very different from eash other with respect to their lecation for
the different dioximes, A psak near LOO millinierons was found for
all of ‘blw dioximes, but a larger absorption peak varied from hoh to
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FIG.I ABSORPTION SPECTRA OF Ni(II) COMPLEXES OF 4-METHYL-,
CURVE |, AND 3,6-DIMETHYL-, CURVE 2, I, 2-CYCLOHE XANEDIONE -
DIOXIMES IN CHLOROFORM SOLUTION.
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553 millimiorons., Tsble 5 indicstes the wavelength of the
abgorption maxima for the various nickel-dioxime chelates as well
as gome other physical properties of the complexes. Fig. 2 is the
absorption spectra of the h-methyl- and 3,6-dimethyl~l,2-cyclo~
hexsnedionedioxime complexes of nickel (II) suspended in water,

Table 5

Physical Properties of the Nickel (II} Complexen
of the Substituted l,2~lyclobsxansdionsdioximes

Degompow sammw Solubility .&Marpt:{m

sition GColer of in water in maxima of

Substituted renge Wi {11) chloroform suspensions
group * ¢, somplex ﬁ?ﬁlﬂ.ﬁw g./l&m millimicrons

JMethyl  230-250 Scarlet .18 Zo02 M5 5&?, 399
Li-Methyl 230240 Searlet a.as«&. 000k 16 - 2 5Ly, 398
J-Ethyl ~ 200-205 Red 1.6& 0.08 250 = 25 5uS, 397
3,6-Dimsthyl 90-120 Orenge 10,0 % se.a oo = ko hoh, 395
a..uwrmz. 20-250 Violet-Red e.%s @.mk 200 -~ 20 553, 398
btertetnyl 2651538@ Searlet <e.eem 230 56, 398
leOetyl®  270-260 Red <0.00% boo % 4o 5h, 397
hwﬁsrhm | 1&5-&&5 Red | me:m a.wg 2.6 2 a.a 53k, 398

‘h‘*(lp 1y 3,,’ B”WWW:!WW})

The mspcns:&ms were prepared by addmg an aqueous solution of
the dioxime to & dilute aqueous nickel (IT) solution containing one
ml, of 10 per cent gum arabic solution. These suspensions were
stable for nearly two weeks. |
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that the temperature of precipitation and the digestion time were

factors acting in the ssme manner as with aqueous suspensions.

Absorption Maxima o&' the

Table 6

Kiahnl(ﬂ) &Wﬁw&, 2-cyclohexanedionedioxine Qmszm

Non~aqueous &mpamm

of "55"'

f "HOoH Temperature Digestion
ahuwyt&m abmr@%m Cof tmxﬁw tine
nillimtorons willi:

* g, min,

Diathyl etner

~ Methyl alechol
Toluens

A=yl slechol
huyl aleohsl

Ayl alocohol o

Ayl aloohel

Dibromoethane
Ditranosthane
Dibromoethans

zm
399
399
398
399
39
399
398
399

399

551

550

566

560
o

25 lo

R
&

&
B o o 8 e ow o B

The non-aqueous suspensions were prepared by dissolving the
dioxime in the solvent and sdding a saturated nickel chloride solu~
tion of the solvent with stirring, The digestion was controlled by
heating the flasks containing the suspensions in hot water and then
quenching them in ice water. o
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The heights of the pesks lowered with inoreasing wavelength of
the absorption, ?@r‘ esch millimieron increase, the a’bwrmo
decreased sbout 1.5 per cent and with this decreased sbsorbance the
peaks also broadened.

The size of the partisles of the nickel-dioxime complex
suspended in water were determined with the aid of an elestron
mieroscope, The suspended particles, which showed an absorption
meximum at Sh9 millimicrons, were allowed to settle out over a period
of one month and then they were collected and viewed through hha
mioroscope. Photographs of the pm&alsa ‘Mﬁa‘wd ‘they Wﬁ neadlew
shaped crystals sbout 2 microns long and 0,02 microns wide. These
were very similar in hablt to the macro oryetals cbtained by re-
erystallization from bmabmm vhilch ere needle~shaped orystals
microns long and 1 micron wide.

 X~rey powder dlagrams were taken of the mioro and mecro
grystals of the nickel (II)-l-methyl-l,2~cyclohexanedionedioxime
complex and were found to be identical.

Since the niskel end palladium complexes of 2,3-butanedione-
dloxime sre isomorphous, it was thought that palladium m

ght ghow
an absorption pesk similar to the ¥550% peak of the nickel(II)-
lemethyl~1, 2-oyclohexanedionedioxine complex. A suspension of the
palladium complex was prepered in water and the spestrum scanned
with the Cary spectrophotometer. A4 large sbsorption péak, m found
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at 168 millinierons which shifted to 473 millimicrons if the solu-
tion wes bolled for 10 minutes and scanned again. Fig. 3 is the
sbaorption spectra of the pelladium(Il)-li-methylel,2-cyclohexane-
ne complex suspended in mm and also in chloroform

Geveral solutions of palladium and nlckel mixturss were prepared
and the dioxime added to form mixed crystals suspended in water. A
second set of suspensions wes prepared by forming the nickel and
palladiun dioxime complexes separately and then mixing the suspensions,
These suspensions were scanned on the Cary spectrophotometer and the
spectra compared. |

?lblﬂ ?

Absorption Spectra of Wator 8uayunaim
of [Ni(II), PA(II)] ~he=Methylel,2-cyclobsxane \
and Ni(Il)=- and Fﬁ{&l}n&mﬁml«x,ﬁ uyclahoxmﬁiomdiema

Mixed Mechanical

crystals mixtare

Ratio of ) maxima maxime
Ni/pd millimicrons millimicrons

5/0 5h9 Shy
LA . 545 5k9, L
3/2 §3h 549, L70
2/3 53 549, L70
1V ' 510 5h9, L0

0/s - km . L70
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FIG.3 ABSORPTION SPECTRA OF Pd(I)-4 -METHYL-1I, 2- CYCLO -
HEXANEDIONEDIOXIME COMPLEX SUSPENDED IN WATER, CURVE I,
AND IN CHLOROFORM SOLUTION, CURVE 2.
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Fig, b shows the absorption curves for the 2/3 raties.

It was also found that the addition of potassium chloroplatinate
in different amounts to a solutien of mickel(II) perchlorate and
precipitation with h-methyl-1,2-cyclohexanedionedioxine shifted the
550" nlckel peak toward 660 millimicrons which is the absorption
naxina for the platimm(II)-h-methyl~1,2-cyclohexansdionedioxine
- eomplex suspended in water. The m@rpﬁéﬁ spsetrum of the
palladium(II) cemplex was affeated by the addition of platinum in a

ginileayr warmer,

~ The mixed complexes with platimum(II) were prepared by mixing
the mstallic salts in weter, adding gum arsbie to stabilise the
suspension, heating te solution to bolling, and forming the suspen-
sion by the addition of the dioxime. Table 8 lists the abmorption
maxima for different raties of nickel, palladium, snd platinum.

2+ Chemiesl properties

The vic-dioximes prepared were mw for resctivity with
metal dons and it was found that they all reacted slike., Gopper,
cobalt, irom, and ruthenium 21l formed colored somplexes which
sppesred sinilar. Nickel and pelledium were both precipitated by all
of the dieximes from acid solution and the precipitates were highly

colored,

~ The main difference noted was in the solubility of the metallis .
complexes, In water the l~(1,1,3,3-tetramethylbutyl)=1,2-cyclo=
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FIG.4 ABSORPTION SPECTRA OF [Ni(Il), Pd(I)]-4 - METHYL-I,2- CYCLOHEXANE-
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Table 8

khawpw.m Maxima for [&iﬂ%l&ﬂ); Fall&ﬁﬁ.m(:l:é},
Platinam(I1) lel-methylel, 2-cyelohexanedionedioximes
Suspended in Water

Absorption
asti@ @ﬁf b2 i
Ki/?ﬁ/)?ﬁ

9/6/3» | | 660
o/1/2 580
0/2/1 520
oA | | W0
1/0/3 630
1/0/1 o 600
3fo/r 570
1/0/0 | k9
11/ | 5%&3@‘

‘ ‘me mixture of 1/3J:L, m{?a/m did not show a sharp maimum
but rether a broad band,
hexansdionedioxime formed slightly soluble somplexes with the transi-
tion metals and hmtameamy;@,z»mmmﬂmmmm formed only
moderately soluble complexes. Quantitative data were not taken on
the solubility of these complexes, ku’b the dioximes become leas
selective as precipitants for nickel and palladium as the molecular
welght ﬁ.mmma,
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The solubilities of the dioximes studied in water tend to support
the idea of interference in the packing of the dloximes in a orystel
by 3 substituted groups, The methyl derivative in the 3 position is
sbout 15 per cent more soluble than li-methyl-1,2-cyslohexanedione-
dloxine and the 3,6-dimethyl homolog is twice as soluble as the
3-metiyl-l, 2-cyclohexandiondioxine, Solubilities of the k-
substituted serles decresses, 2s one would expect, with increasing
nol, Wweight,

© Spestra of the dioxines are all the same in the visible snd
ultraviolet regicns which indicates that the substituted groups do
not affeet the dicxime functional groups to any great exteni when in
solution,

- The spectrs of the nickel oomplexes suspendsd in water were
investigated and the sbsarptien peak located near hm nillimiorons
wes found in eech vase. Mellor et al. (72) has stated that this
band is characteristic of all nicksl complexes that exist in the
square-plansr form and this, of course, would be expscted of the
dioxine somplexes since they are of that type. A second sbsorptioen
maximm was located near 550 millimicrons, but it was found to vary
slightly with the particular dioxime employed. I{ was thought that
this might invelve the nickel-nicksl bond and besause of the inter-

ference offered by different substituted groups, the bond absorption
might be altered slightly. | .
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It can be supposed that the hindrance offered by each group
would be a function of its actual volume, its “effective® volume,
and its position on the cyclohexane ring. Then the hindrance to a
nickel-nickel bond will increase as the alkyl group becomes larger,
88 a more negative group is attached, and as the substituents are
shifted from L« w the 3eposition, The negative group would hinder
because in the pasking of nickel-dioxime crystals the substituent
would be located near the oxime oxygens of the next molecule and
repulaion becanse of electrostatic forces would result,

These effects were found in the speam of the different
nickel(II)~dioxine complexes. Substitution of & 1,1,3,3-tetrametiyl~
butyl group in the Leposition resulted in only a 6 millimicron batho-
chranic shift in the position of the 550 millimicron peak of the
onedioxine,

mb’titﬁuﬁ 1’ 2“@3’%3.@ pxansadl

Internediate bathochramic shifts were noted for the lLi-tert-
enyl and Lemethyl derivatives. The hnhwwlwl, 2~gyclohexane
dionedicxine-nickel complex, howsver, exhibited a 3-millimioron
hypsochromic shift in the #550% peak which is rather difficult to
explain, It is possible that the packing of the molecules permits
the iso-propyl group to fit easily in the crystal structure.

The carboxy group when substituted in the leposition resulted
in & marked increase in the solubility and a decrease in the wave-
length of the "S50" peak. The solubility in water could be easily
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explained by the addition of another lvﬁmphi}.ic group; but this
should not affect the pﬂnﬁ.ﬁw of the ;bsar;a%im mmmm unlem
direct interferense with the nickel-nickel bond is presented by its
volume and negativity.

The L-poaition substituents are removed from the Lmmediate
vieinity of the nickel-nickel bond and it might be expestod that a
group in the 3- positien would interfere to & mich greater extent,
It was found that a methyl group resulted in only a 2 millimieren
shift depending en the position, but that a 3~ ethyl group reswlted
in a 5 millinieron bathochromic shift. A move startling faet is
that two methyl groups in the 3,6~positions shifted bathoohramically
the wavelength of the "550" pesk by 56 millimicrons,

These fasts are excellent evidense that sbsorption in the 550
millimieren region of the spestra invelves the nickel-nickel bond or
at least some sort of intermolecular interaction between the adjacent
nickel~dioxime moleoules.

Before the repert of Yamada and Teuchida (147) that the maximum
sbsorption of lght vibrating along the nickel-nickel axis of the
erystal of bis(2,3-butanedienedioximato-,N')nickel(II) was from
500 to 525 nilliniorons, it appeared the nature of the *550 milli-
mioron peak was strietly an um::ysti@ phenomenon, Howsver, their
maximum for & macro orystal did 'mﬁ; coincide with the peak observed
with suspensions of the micre wam&nmm, asinee for these
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small crystals the peak was near 560 millimigrens, It is %o be
noted that they reported a maximum in the absorption spectrum ad
k10 millimiorons for light vibrating in the plane of the nickel~
nitrogen bonds. This sgrees with the data for the micro crystals
and supports the consept that the square-plamar nickel camplexes
involve sbsorptien near the -3'?$ to 425 millimicren region of the
speetrum, M

This work of Yemada and Tsuchida meant that there wes a
difference in the composition, wm, or interaction with light
between the miero and macro maﬁa’la.‘ % was found wi.t«h} the aid
of an electron microseope that the micro orystals were the same in
habit as the macro crystals and that they were needlas 2000 by 20
millimicrons in size., An E~ray powder disgram was taken of the two
types of crystals and comparison showed that the basic structure of
the crystals was the same,

~ This mesnt that the differemse must be with the processes in-
volved in the interaction with light. It would be expected that
orystal sise slone would not affect the absorption of light to any
grﬁa‘& ‘axtent, but size mm be a faslor m the seatiering and
reflection processes. The experiments with non-aqueous solvents can
all be interpreted on the basis that higher precipitation tempera-
tures end longer digestion times tend to destroy the small crystsis
and form larger oned. This would effectively reduce the swfaéé area
and the muber of particles. Since the peak was observed in slightly
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nickel(II) separately and combined, It was noticed that in the
mixed erystsls the peak was s)ightly broader than with pure crystals
and that with mixed crystals involving all three metals the pesk
covered 50 millimicrons.

 In swmery, it appears the absorption at 550 millimierons for
the nickel(II)w~1l,2~syclohexanedionedioxine complex in suspension is
due to mickel-nickel bond absorption but the absorption peak is
modified by selective scattering of the light. This peek is there-
fore not only a funetion of the smount of waterial present, but
also of the state of subdivision.

The chemical properties of the alkylated 1,2-cyelohexanediene-
dtoxines were alnost identical as might bo expested. The most out-
standing thing to note is that the selective precipitation of
nickel(II) and paliadiun(II) in water is missing with the h-tert-
anyl and be(1,1,3,3-tetranethylbutyl substituted compound since
the metallic complexes sre so erganic in mature they precipitate

without requiring the metal-metal bond formation,

The carboxylated 1,2-cyclohexanedionsdicxine behaved chemically
like a dioxime and a carboxylic scid. The nigkel complex presipie
tated at pil 3 and redissolved as the Miat%w was made basic, but
the red color of the nickel chelate remsined. The solubility of the
nickel(II)~kwoarboxy-1,2~cyelohexa

nedionedioxime in water at a pH
of 9 was determined to be greater than 0.6 molar or more than 250 g.
poar liter,
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If this material could be prapared in quantity, it would be &
good water-soluble reagent for the eolorimetric determination of
transition elements. Also it could be used to mask several ions in
aqueous solution.

This work on ‘the properties of these vic-dioximes suggested
thats

1. The 3ometiyl, Lonetiyl, snd possibly the -ise-propyl-
142-ayslehexmadiousdioxines uight be good water.
soluble &n&ly“taml reagents,

2. Binge all of thess vis-dloximes form colored nisksl com~
plexes which are soluble in chloroform, t»hw sould
possibly be used in extrection and spectrophotometrie
procedures.

3. Since suspensions of the nickel(II)-, palladium(II)~-, or

¢ platinum(II)~dioxime complexes in water show & strong
poak in the visible which, although being @ funotion of
particle size, might be used for spsctrophotomstrie
determinations if conditions wsre controlled,
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IV, OGRAVIMETRIC APPLICATIONS
A+ Review of the Literature

The vicinal-dioximes reast with most of the transition metals
to form a gcomplex, However, the complexss of nickel(II) and
palladium(Il) sre inscluble in water under the proper conditions
end gravimetric determinations are possible. The compound
2, 3-butanedionedioxine has been applied to the deterninstion of
nickel more gﬁﬁ 38, aagn. a.#wnas& and has been regarded as a prime
exanple of a utu&ugﬁ organic ag&aﬁr

w-wt&ﬁggg oxime was first reported by Tschugaeff (128)
in 1905 and since then meny other vic-dioximes have been suggested,
Diehl (19) bas reviewed some of these dioximes and has included &
bibliography covering their gravimetric applications.

Voter and Banks (135) have discussed the use of tﬁ&aﬂ:wogwa
vig~dioximes in % mﬁgﬁu @uggﬁaa &. nickel and
?gﬁf They suggest that 1, ?ﬁﬁa%ga&e%agu
ggf be employed for the determination of nwassw as it possesszes
several ﬁgmsgwaa favorable for its analytical ;%P.Snﬁg Hep~
toxime i soluble in water to the extent of .8 g. per 1iter and is
a&%ﬁ? for wﬁ.wia.%»fﬁ% of ﬁagﬁuﬁ, in the pH range of 3
to 8¢ ?ggga of §.§ reagent is the high cost of

vgggg.

.x&waa (143) reported that 1,2-cyclohex; ioxime,
nioxime, rescted with nickel(II) to give a searlet precipitate
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and Feigl (26) has stated that 1,2-cyclohexanedionedioxime should

be ideal ss & reagent because of its sclubility in water. This

. solubility is over 8 g. per ldter,

1,2-Cyclohexanedionedioxine has been awm,ﬁaa by Voter, Benks,
and Diehl ﬁ.wmw to the gravimetric determination of nickel and to
the gravimetric determinatien of palladium (137). With the nickel
determination, nioxi

e offers several advantages over 2,3~butane~
dionedioxime in that it is more soluble in water, is more sensitive,
quantitatively precipitates nickel down to a pH of 3, and has & |
more favorable gravimetric factor. These advantages are gﬁﬁ&hﬁ?
however, by the great disadvantage ‘that excess reagent contaminates
the chelate precipitste and an empiricel factor must be used. In
sddition, iron interferes with the determination. Voter st al.
found that 1,2-oyclehexanedionedioxine ws & good resgent for the
determination of palladium as in this application exvess reagent did
not coprecipitate. The alicyelic vic-dioximes seem to have distinet
advantsges over stralght or branched chein vic-dioximes. Among these
adventages are a high solubility in water for corresponding molecular
veights end a .ﬁﬁgﬁgﬁ# precipitation of the nickel(Il) complex
nesrly 2 pH units lower., Alicyelic vic-dioximes having rings of 5
and 10 carbon stams have been prepared end studied by Voter (13L).
1,2-Cyclopentensdionedioxime was ﬂaﬁaﬁ to precipitate nickel only in
the pH range of & to 8 and even then the complex was soluble to the
extent of 100 mg. per liter. This, of course, would hardly be suit~
sble for a uantitative gravimetric reagent. The 1,2-cyclodecansdione~
dioxime reacted with nickel enly incompletely and because of the high
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of cobalt and copper. The iron content was verified by employing
the 1,10-phenanthroline method for the “datommtiaa of irom in
nickel. The nickel was dissolved in agus regia and the solution
evaporated to drymess three times with perchloric asid. The nickel
perchlorate was taken up in one liter of water and aliquot samples
of the solution were analyzed for nickel by the 1,2-cycloheptane~
dionedioxime, heptoxine, method of Voter and Banks (135). This stock
amﬂmym used to prepare other more dilute nickel solutions.
These diluted, secondary standards were also checked for niokel
content by analysis,

- Standard pallsdium perchlorate solutions. Resgent-grade
palladium metel was dissolved in agua regis and fumed to dryness
three times with perchloric acid. The palladium parehlarau was
dissolved in one liter of water and the solutien wes standardized by
the 1,2-cyclohexansdionedioxime, nioxime, method for palladium
suggested by Voter, Bauks, and Dishl (136). More dilute solutions
of palladium were prepared from this stogk solution and were checked
for palladium content by the nloxime method. |

 h-Methyl~l,2-cyclohexanedionedioxime solution. A 0.3h per eent
solution of L-methyl-l,2~oyclohexanedionedioxime, L-methyl nioxime,
in water was prepared from the dioxime synthesized in this laberstory.

li~iso~Propyl-l,2-cyclohexanedionedioxime solution. A 0.08 per
cent aqueous solution of L-iso-propyl-1,2-cyelohexanedione

l-iso-propyl nioxime, was prepared from the dioxime synthesized in
this laboratory.
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shaken vigorously and cbservailons were made at three minutes, one
hour, and 12 hours after addition of the diexime. The solutions
with grester than 2 parts of nickel per 10,000,000 parts of water
showed a pink coloration after three minutes and a precipitate after
one hour. A fine pink precipitate was observed in the flasks con-
taining 1 and 2 parts of nickel per 10,000,000 of water after 12
&m.‘ This precipitate vas more ?ﬂ&;ﬁﬂy seen by [iltering through
a amall Bichner funnel onto & piecs of white filter psper. The pH
of these solutions was in the range L to 6.

" The effect of pi on the quantitative preeipitatiom of the nickel
samplex was studied over the range 1 %o 7, Four ml. of 0,1019 molar
nickel perchlorate sclution were placed in a 40O-ml. beaker and
diluted to 125 ml, Two ml, of consentrated hydroshloric acid were
added to the beskers and they were warmed to approximstely 60° C. on
s hot plate, Sevenity ml. of the saturated dioxime solution were
added and while stirring, the pH wes raised slowly by the dropwise
sddition of & 20 per cent ammoni

nium acetate solution. The rise in pH
was followed with a pH meter to the desirved value,

_ The nickel complex was digested at 60° . for one-half hour and
was then filtered into a weighed filter crucible of medium porosity.
The precipitate was washed, dried at 105° C. for two hours, and weighed.
Resulis showed that below pH 3 the precipitation of the nickel(II)-
liomethyl-1, 2=cyclohexanedionedioxine complex was incomplete.
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The precipiiate, obtained by the methed deseribed in the pH
study, filtered easily and did not tend to oreep. A study of the
character of the precipitate for different methods of precipitation
was made and while the accurscy of the nickel dstermination was not
altered, rapid precipitation by direct addition of the reagent to
the nickel solution at a pH greater than 3 gave a precipitate diffi.
cult %o filter, The m‘%&haﬂs of precipitation investigated included
slow and fast addition of resgent to & nickel solution st pH L to 63
slow and fast addition of ammonium acetate to a solution of the
dioxime, nickel, and hydroehleric acid; oold and hot precipitations;
and long and Qhart digestion periada. The best prwedﬁm appeared
to be dropise sddition of amoniun scetate o ralse the pH of &
solation of nickel and the dioxime, precipitation at a temperature
éﬁ‘ 60" 3.; and a digaatim time ai&" mww hour at 60° G,

In another set of experiments it was found that up to & 200
per cent axcess of the reagent did not affeet the nickel determina-
tion, Also, it was found that the drying temperature should be kept
velow 115° C. and 105° C. was chosen.

Analysis 6f the mickel(ID)-i-nethyl-1,2-cyclohaxanedionsdicxine
conplex for nicksl vas carried out by destroying the orgenic materisl
first with sitric scid and then with pevohloric scid and determining
the nickel with 1,2~cycloheptanedionedioxime. The theoretical per-
centage of nickel in (GTKnG@%)@i is 15.90 and an everage for five
determinations gave the percentsge of nickel as 15.91 = 0.02.
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Seversl solutions conteining from 1 to 60 mg. of nickel were
prepared and snalyzed with L-methylel,2-cyclohexanedionedioxine by
employing the best procedure as indieated by the previous studlies,

~ The esxw*; progedure employed was as follows, The volume of the
nickel solution wes adjusted to 175 ml, and the pH of the solution
was lowered to approximstely 1 by the addition of hydrochloric acid,
Twenty ml, of a saturated aqueous solution of L-methyl-l,2-cyclohex~
anedionedioxime was introduced for every 10 mg. of nickel and the
solution was warmed on a hot plate to 60* G. While stirring, encugh
20 per cent ammonium scetate solution was added dropwise to raise the
pil to betwsen 3 eud 5. The precipitate was digested at &0° C. for
ene-half hour end was then filtered off through a weighed filter
erucible of medium porosity. The erueible was kept full of liquid
wntil all of the solution had been added snd then the preeipitate was
"iuakaﬁ dry® and washed with *bkwm p@rﬁm ,a:r_‘ hot water. The
nickel(IL) -h-nethyl~1, 2~cyclohexsnedionedioxime complex was dried at
105° G for two hows and weighed.

The average error for 16 &wmimmm was 0.08 mg. which, on
the average Wlu of 2h mg., wrm‘apm&s to three parta per thousand,
In Tsble 9 the data sve tabulated for thess ssmples and for five
Hational Bureau of Stm a‘baal aamplw.

The effect of m#.wa an:mm upon t&m ﬁahmimtim of nickel
with h-methyl~l, Myelnhmmﬁimﬁimﬁmm studied. Niokel solu~-
tions containing 1.0 g. of the foreign ions were malymd' |
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Table §

Gravinetric ﬁetemﬁmmm af mml(:tx)
with L-Hethyl~l, 2~cyelohexanedionsdicxine

Number
of
‘ deter~ ' ,
o nina~ Nickel(II) Niekel(II)
Bample tions found ‘ taken

1,23 = 0,05 mg. 1.20 mg,
5.98 20.08 mg.  5.98 mg.
2.0 f0.08m. 2.0 m.
55.8 L 0.00mg.  55.9 meg.

Nickel perchlorate
Miokel p«mhlaruto
Nickel perchlorate

FoE oo

Niekel perchlorate

N,B.S. cast irom, : e S
No. 115% . 3 15,85 - 0,05% 15.89 %

H.B.8. 18 chromiume- 9 ; .
nickel QMZ., IR '
No, 101e* | 2 9.28 -0.01 % 9.27 %

Kﬁﬁlﬁc m@kﬁl ﬂ%ﬂlg o ’ * ‘ »
No, 33@ » 3 3.28 - 0,00 % 3'26 % '

HeB.8. ﬂiﬁ}miﬂ
molybdenum steel, ) o '
No. 111e® o 3 174 2 0.00 # 1.75 %

”QS!&‘ chromivm-nickelw B
molybﬂm steel, - e

ﬂ,B.ﬁ» aluminum-bage _ o ‘
alloy, a * \
o, B5a’ 2 0.h2 < 0.003% Qchm

Bren g. of oitric acid sdded.
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gravimetrically with L-methyl~l,2-cyclohexanedionedioxime and no
effect was noted from solutions contalning acetate, chloride,
gitrate, nitrate, perchlorate, sulfate, sulfosalloylaie, tartrate,
and thiooyanate, The results are given in Tabls 10,

Table 10

Anionic Interferences in the Gravimetrie Petermination
of Niekel(II) with LieMethyl~l,2~cyclohexenedienedioxime

e Wickel fownd® Brror
Anion added ng, Ao

hostate 15 + 0,3
Chloride 15.8 | | + 0,2
Citrate 15k - 0.2
Mﬁmﬂ | 15.6 0.0
Perchlorate 15.h - 0.2
Sulfate 15.7 + 0.1
Sulfosalicylate | 5.7 | + 0.1
Tertrate 15,6 0.0
Thiccyanate | 15.8 | + 0,2

#1.0 g. of each anion was added.



Nickel was determined with the hnmthylwl, 2~cyclohexanedione~
dfi.amﬁm in %ha px'emea of eaﬁh af the famwing cationst ;
alnminm(xﬂ), ammonium(I), wm(z:n, barymm(n), h&.amth(xn),
cadnium(II), amm(x;z), aar:mm(:{i}:), anrm:lm(m:), eabam(ﬁ),
wpper(xx), ima(lx), Mun(ﬁl}, mwam{xxx), lead(II),
nm(z) ’ mgmw{ﬁ), mgnezﬂ.um(ﬁ), panadim(zx} s
p@kuamm(x), mmnim(ﬁ?, ailwr(l:), s@dim(l’.}, amum{:{x) ’
thﬂﬁ%{ﬂ), titmf;m(mi) s urmm(xv), vanadium(IV), snd zine(II).
The results are given in Table 11,

Table 11

Gatienic Interferences in the Gravimetric Determination
of Nickel(Il) with h-Hethylsl,2~cyslohexanedionsdioxime

Amount of Nickel® |

Gatton added g, % o e
umm(m)‘ 02 | 3?.'9 0.1
pmondwn(I) 0.2 o 0.
Mntimomy(ITI)®* 0.2 EX 0.1
Bariwn(II) 0.2 31,6 0.2
Beryllium(II) 0.2 R 0.1
Bismuth(III)* 0.2 | 3.6 0.2
Cadmiwa(TI) 0.2 37.8 0.0
Galeium(II) 0.2 31.8 0.0
Gertun(1IT) 0.2 X 0.1
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Table 11 (Continued)

Cation added

Awount of
cation added
B

Nickel?

found
Bge

Brror
ng.

Cobalt(Il)
Cobal$(XLI)®
Copper(1I)
Copper(1)®
Tron(1r)?
Iren(1I1)®
Lanthanun(I1I)
Lead(1T)
Lithiun(X)
Magnesium(I1)
Mangasnese(I1)
Palladiuwn(II)®
Platinum(11)
Potassiun(I)

Rutheniwn(III)

Silver(I)
Sodiun(I)
Strontiwm(II)
Thoriun(IV)

4 tantun(171)*

0.02
0.2
0,02
Q.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

37.9

31,9
37.9
38.0
37.9
i
37.9
3.7
37.8
31,6
3.8

37.7
.
37.8
31.9
37.8
37.8
31.9
1.9
317

Qel
0.1
0.1
0.2
0.1
0.0
0.1
0.1
0.0
0.2
0.1
0.1
0.1
0,0
01
Q0
0.0
0.1
0.1
0.1
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Table 11 (Continued)

Anount of ﬁiakn}.r
gation added found Error
Cation added Ee g nge

Uraniwn(IV) 0.2 37.8 0.0
Zine(II) 0.2 37.6 0.2

gﬁmplmd with one g, of tartrate,

Pconplexsd as cymnide.

%mp).smﬂ a8 thiocyanate.

%dmlmms &dﬁadf o |

CAmmoniun hydroxide sdded, pH 8 for preeipitation.

£37.8 mg. of nickel added.

When determining nickel in the presence of large amounts of
copper or coball, special procedures must be followed as these ions
react with the dioxime in preference te nickel even though these
complexes do not precipitate. Copper can be effectively removed
from the solution by adding excess thiceyanate which reduces the
copper to the copper(I) and forms a soluble thiocyanate camplex (1h6).
Cobalt may be complexed as hexscyanocobaltate(III) by hydrogen
peroxide and sodium cyanide. The nickel oyanide complex is then
destroyed by the addition of formaldehyde (28).
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per cent pallmﬁum was found, which compares favorably with the
theoretical 25.59 per cent palladium for (ﬁ?linﬁzwz)ard.

Precipitation of the empm at 60* C. and digestion for one=-
half hour seemed to be the best procedure to follow in determining
pmm The precipitate was ﬁi{fﬁﬂu}.{s to filta!r‘ and tended to
¢reep if the dioxime was added to & cold palladium golution or if
the precipitate was not digested, It was not necesssry to raise the
pH slowly after the addition of the dioxime and the reagent could
be added from a pipstte to the palladium solution at a pif of 1.
Dropwise addition of the resgent with stirring did, however, decrease
soprecipitation of other ions and make the precipliate easier to
£ilter,

Several determinations were made on standard palladium samples
and the resulis are given in Table l2. The average error was 0.l ng.
for 6-to 25-mg, samples or L %o 10 parts per thousand,

Table 12

Gravimetric mmmm of mem(m
with h-Methyl~l,2-cyclohexanedionedioxime

Namber of ~ Palladium taken Precipitate weighed Palladium found
determinations nge mv REg.

3 6,25 zh.h 0.k 6.2 2 0.1
3 12,5 k9.2 £ 0.4 12,6 = 0.1
3 250 9841 2 0.5 25.1 2 0.1
3 50,0 19h.6 X 0.8 19,8 X 0,2
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The Prmz‘”dmring temperature for the precipitate was investi-
gated by heating at 105® G. for three hours and weiging and thenm
leaving over-night at 105° C. and reweighing., The change in weight
was never greater than 0.2 mg. for ten determinations and in six
cases ﬁm difference was found. If the eirymg temperature was 115* ¢.,
however, a loss in weight was noticed if the heating was continued

over three hours.

nded procedure is as follows, The volume of the

 The recomme
palladium solution is adjusted to 200 ml. for a 20-mg. sample of
palladium and the pH is lowered to 1.0 with hydrochloric acid. The
solution is warmed on a hot plate to 60° C. and the dioxime solu~-
tion added from & pipstie with stirring, Seven ml, of the saturated
hemethyl-1, 2-cyclohex:

nedionedioxime solution are added for each
10 mg. of pslladium., After digestion at 60° C. for one-half hour,
the precipitate is filtered through a medium porosity filter
erucible. The palladium complex is dried at 105° G, for two hours
and weighed., The gravimetric factor for palladium is 0.25%9.

The determination of palladium(II) in the presence of several
anions was @mi@d out and it was found that no interference
resulted from scetate, chloride, nitrate, perchlorate sulfate,
sulfosalicylate, or tartrate (Table 13).

Gationic interferences were studied with the following ions
included: alumimm(III), antimony(III), bariun(II), berylliua(II),
bismuth(III), cadmium(II}, caleium(II), cerium(III}, cbremium(III),
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Table 13

Anionic Interference in the Uravimetric Determination
of Palladium(II) with LeMethyl~l,2-cyclohexanedionedioxime

Axiount of Falladiun™
| anlon added found Error
Andon added Ee g Mge

Acetate 12.6 + 0.1

Chloride 120& + 0.3
1kth - e.l
1205 @pg

12,5 0.0

Nitrate
Perchlorate
Sulfate
Sulfosalicylate 12,6 ‘ + 0ol

12,4 - 0.1

SRR o Y R .

Tartrate

#12.5 ng. of palladium were added.

cobalt(IT), eopper(i1), iridiun(III), iron(II), fron(ITT),
lanthanum(III), lead(II), lithiwm(I}, magnesiwm(II), nickel(II),
platimm(II), ruthenium(III), pwmm(x}, rhodium(III), silver(I),
sodinm(I), strontimm(II), %erim(}mﬁ), titaniwn(I11), wranium(IV),
venadiun(IV), sino(II), snd sirconiwn(IV). Tsble Lk lists the
results of the interference study of the catioms,

~ Gold was tested and it was found that due to redustion to the
metal it interfered even in milligram amounts. Precipitation of
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Table 1k

Cationic Interfersnces in the Gravimetric Determination
of Palladium(II) with li-Methyl~l,2-cyclohexansdionedioxime

Cation added™

 Palladium found

b
e e

Error
B

Aluminwa(III)

Ammoniwn(I)
Antimony(III)
Bariun(II)
Beryllium(II)
mysuum(m)"
Cadnium(II)
Caleium(II)
Geriwn(ILI)
Chromiwn(II1)
Cobalt{1I)
Copper(I1)
Iridium(III)
Iron{II)
Iraeavn(II}lf.)é
Lanthamam(111)
Lead(II)
Lithium(I)
Magneaiun(Il)

25,1
25,1
25,0
2h.9
25,0
25,1
2k.8
25,2
25.0
25,1
25,0
25.0
25.1
25.2
25.1
2.8
25,
25,0
2h.8

+ 0,1
+ Q-.:L
0.0
- 0.1
0,0
+ 0.1
- 0.2
+ 0.2
0.0

0.1

0.0
0.0
+ 0.1
+ 0,2
+ 0.1
- 0.2
+ 0.1
0.0
- 0.2
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Table 1l (Continued)

Cation added”™

Palladiun found®
e

Error
NEs

Hanganese(II)
Kiakni{Ix)
Platinum(II)
Potassium(I)
Rhodium(III)
Ruthenium(II1)
silver()®
Sodtum(1)
Strontium(II)
Thorium(IV)
Titantum(III)
Urantun(1V)
Vanadium(1V)
24n0(11)
Zirconium(IV)

2h.9
25,0
25,0
25.0
25,2
25,1
25.0
25.0
25.1
2.9
2h.B
25,1
25,9 :
2.9
25.2

= 0l
0.0
0.0
0.0

+ 0.2

+ 0.1
0.0
0.0

+ 0,1

- 0.1

- 0.2

+ 0.1
0.0

- 0.1

+ Q.2

*1.0 g, of the cation was added.
25,0 g. of the palladium wers added,

%Chloride absent.
ﬂTartratg_wdﬂmd'
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the palladium(II)~vicedioxime complex in the cold helped with small
anounts of the gold, but no satisfactory procedure was found to

remove the interference completely.

2, h—iw-?wghl,%mlahmmdiomémﬁm

It vas thwgm k»iw«wpmpylu&,2*@@1@&;&%&1@:2561@@3&, while
not too soluble in water, might be advantageously applied to the
gravinetric determination of nickel and palladium due to its high
molegular weight and the small solubility of its metallic complexes
in water,

A saturated solution of the dioxime in water wes prepared by
sheking the pure, solid resgent in deionived water at 25° C. for
one week. The excess reagent was filtered off and the dioxime in
solution was determined by precipitation as the nickel(II) complex.
This solution was used for all of the gravimetric work.

mination of nickel. The sensitivity of Lwiso-propyl-
l,zwmlahmmdmmd}.m in the detestion of nickel was studied

in the same manner as deseribed for the l-methyl~l,2-cyclohexane-
dionedioxime and 1% was found that 1 part in 10,000,000 was the limit
of detection.

A study of the pH effect on quantitative precipitation of the
nickel camplex revealed that below a pH of 2,7 the weight of the
precipitate was less than expected. As in the use of L-methyl-l,2-
cyelohexanedionedioxime, it was found that preeipitation of the



%07 Jo suorgaod eeryy u3Ta BuTyseM IeJY *9TQTONID JBYTIJ L4Tsosod
wunpew ¥ YSnosy) peJejTiy SEAM pUw JNoY JTRY-eus J0F sernjeredusy
peqraRTe 4¢ pejasSIp sea equqtdroead eyl TeMoTY JO weaSTITTW yowe
J0J POpPE S16M UOTANTOS SUTXOTPENOCTPSURISUOTOLO-Z FT~TLdoId=08 T =1
peeamyes swy Jo T OT pue *p (0L Araweu o} s3ETd 904 ® UO pewres
SEA UOTINTOR SYI *OPYXOIPAY WNTHOWWS O PTO¥ STAOTHEOIPAY SUTTP
YsTh ¢ 03 pessnfpe sem §d ey ‘eymyecs wmtuowwe queo xed OT Jo *TW T
30 UOTYTPPE JeyJe pue JeqEA Jo *TW (0T Jod TedoTU Jo *Bu T Lregwm
~txoadde 0f PEANTIP eJeM SUOTINTOS eqeloTHoxed TeNOYH prepwe)s
Tea0A0g *SHOTTOJ 89 PSUTHIGIED OI6A [SYOTE JO SJUNOWE TTeug

epron Lzea 1E(CiBo Tibs) zo quso sed
08*CT 9us o3 spuodeesion YOTUM 10°0 ﬂ 6L €T 3o efwgueored efeaesw uw
84S TeNOTU 207 XOTdW0D SUXOTP~OTA~{II)TEAOTE 8Y3 JO ETeLrwuy

‘gyTnee 35eq J0F SanoY oMY X0 *D  GOT 3 petap sen ajwyydyoead
9y} ‘euTXOTPeUCTPRUNXEYOTOLI-Z ‘T-TAUST=T ouY UM ®® ‘uTeBy

‘uopynyos ouy Jo md eyy Jeying oy ‘Jesemoy ‘peppe smm ejwjeve

smpuowwe quss ed OT JO *TW SU) “e48400% WNTUOUUS JO UOTLTPPE

espadoxp syy Lq gd oyy estex Lmors 09 LTesseseu 40U Sem 4T puB

¢ 3o ud ®» 9 ordwse TexoTu ey 03 A[308ITP Peppe eq PIRos juefeed
ou3 3wy Uy peqou sen Sorowoy TAYeusly euy Jesc eSwjueape uy

‘guoy uBtesoy o usyyeyydrosados peprose pue eqesydyoe
-sxd e7qeaeyTTy A[1829 uw peplozFe Jnoy JTEY-suo 1o eqesrdioead euy
Jo woTyEsSTP puw *0 00 Jeeu emqeredusy ® 4@ Xeydwoo (II)TeRoTu

06



91

water, the complex was dried at 105° C. for two hours and weighed,
The factor used for the nickel was 0,1380. The results of the
determinations are given in Tsble 15. |

’?Mtih}.a interferences fm several anions were investigated
and it was found that no ervors ware @amﬂi by the presence of one
g af“aeatam,‘ ﬂh&gﬁ,&ef@ Mtram,’, perchlorate, sulfate, or tartrate,
The results are given in Table 16,

Table 15

Gravimetric Determination of Hickel(II)
with kw&xw?mml*l,vWalahmmeﬁam&im

Number of Nickel taken  Average micksl found
determinations BEe Bge

0,52 0.7 % 0.0k
1,05 1.02 I 0.0h
2.0 - 2,08 2 0,05
3,15 3.12 I 0.0k
20 h.2h £ 0,05
5.25 5.2 £ 0.05

- Interferences in the det—amm&im of xziekai by cations were
studied and no interference was feumi fron those ions wﬁmh do nol
interfere with the L-methyl-l,2~cyclohexansdionedioxine determina-
tions, Large smounts of copper(Il) ,"éébult(iz), and W(II)



92

Table 16

Anionic Interferences in the Gravimetric Determination
of Nickel(II) with l~iso-Propyl-l,2-cyclohexanedionedioxime

" Nickel found® ’ Error
Anion added ng. mge
Acetate 2.0k | - 0,06
Chloride 2,09 | - 0.01
Nitrate 2,07 - 0.03
?Qwhlm‘u 2,12 + 0,02
 Bulfate 2,06 - 0.0k
Tartrate 2.05 - -0.05

#1.0 g. of anion was sdded,
Y5,10 mg. of nickel were added.

Anterfered unless excess dioxime was added, but the error could be
lessened Ly complexing the foreign ions. In Table 17 the results of
.the study are tabulated.

~ The aversge error for all of the interference studies was = 0.03
mge for 2,10 mg. of nickel or 1.5 per cent. The average valus for
the determinations was 2.08 mg. or an error of - 0.02 mg.
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Table 17

Cationic Interferences in the Gravimeiric Determinstion
of Wickel(II) with li-iso<Propyl~l,2-cyclohexanedionedioximne

Cation added®

Nickel found®

ng.

Exror
ngs

AM(W)
Ammonium(I)

Antimony{I11)

Barium(II)
Beryllium(II)
Bismuth(Irr)°®
Gadminm(};;ﬁ)
Cexdum(ILI)
Chromium(III)
Cobalt(1I)
Cobalt(Irr)®
Gopper{1I)
Gepper(1)®
Iron(III)

Lanthanum(II1)

Lead(II)
Manganese(II)
Platimm(IT)
Rhodiwn(II1)

2,0b
2.11
2,05
2,13
2,06
2.06
2,09
2.0k
2,07
2,29
2.11
2,26
2,06
2.0l
2.09
2.3
2.08
2,15
2,14

- 0.06
+ 001
- 0:05
+ 0.03
- 0.0k
- 0.0h
- 0,01
- 0.06
- 0,03
+ 0,19
+ 0,01
+ 0,16
- 0.0k
- 0.06
- 0,01
+ 0,03
- 0,02
+ 0,05
N 0.0k
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Table 17 (Continued)

Nickel found®

Cation iﬁw‘ TN E;gr

Rutheniwa(III) 2.16 + 0,06
silver(1)f 2,06 - 0.0k
Thordwa(IV) 2,06 - 0.0k
Uranium(IV) 2,0k - 0,06
Vanadiun(IV) 2,05 - 0.05

*1.0 g. of cation was added,
52,10 mg. of nickel were added.

“Tam-ate added.,

dis the the gobalticyanide empm.

®As the thiccyanate complex.

’?cnmm absent.,

b. Eshm&m‘ﬁm of Palladixm

The sensitivity of i~ig0-

propyl~l, 2-cyclohexanedionedioxine for palladium(II) waes determined

to be L parts per 10,000,000 which is the same order as the sensi-

tivity of the h-methyl~l,2-gyelohexanedionedioxime,

~ Studies of the effects of pH, temperature of presipitation,

digestion time, and drying temperature proved that the proébdnro
enployed for the determination of palladium with the L-iso-propyl
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derivative should be the same as with the l.methyl-l,2-cyclohexane-
dionedioxime., Smaller quantities of palladium could be determined,
however, due to the higher ae;mhalem welght and the smaller soluw
bility of the complex in water,

Since the solubility of the reagent in water is only 0.75 g. per
liter, 25 ml, of the saturated aqueous solutiom of Leiso-propyl-
1,2~cyclohexanedionedioxine vas employed for each b mg. of
pelladium(II) present. Several milligrem semples of palladium
were determined with the L~iso-propyl homolog and the results are
given in Table 18, The gravimetric factor for palladium in

(CgH, (ONn) oPd is 0,2255,
“ Table 18

Gravimetric Determination of Palladium(II)
with heiso~-Propyl-l,2~¢yclohexenedionedioxime

Number of Palladiun Precipitate Palladium
determina~ taken welghed found
tions mZ. mEe nge

1.28 5,25 % 0,22 1.18 % 0,05
2,50 11.08 £ 0,20 246 = 0.08
3.75 16.62 20k 3.76 % 0.03
5,00 22.27 = 0,17 5.03 2 0,0k
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Tt appeared that the average error in the determination of
milligram amounts of ;aallaﬁim m:@.ﬂh mg. or & little more than
one per cent for smlas of 3 to Y mg.

A staaw of tha interferences of fmrei@n ions revealed that all
of the cations mﬁ anions that were f@ami not te imrfam with the
ﬁn‘harmimum of pallaé&m with haumamvl-l, Bmyalahsxmadiemdiaxim
do not interfere whan the h«-ﬁ.mnpmpyl ﬁarivatim is used,

Tt was found ﬂm higm charged ions like aluminwm(III) and
thorium(IV) tended to yield low palladium results probably due to
ionic strength effects. This error was reduced by dilution of the
sample,

Table 19 lists the ions that caused some error in the method
along with some that have no affw*&.

Table 3.9 |

Interferenges in the Oravimetric Determination
of Palladium(II) with hwisaw%apylmhi*mlmamﬁmmm

B Fa?«ladim‘ .
Amount added found ‘ - Error
Im added 8o ; Mo Wge
nmmgm) 1 2.}:@ - 0,10
Ammonium xg " 1 246 - 0.0k
Gertum(III 1l 2.41 - 0,09
Potaseium(I) 1 2.h8 T - 0402
Thorium(IV) 1 2.38 - 0,12
Thorium{IV)® 1 2,48 - 0,02
2ine(IT) 1 2.50 0.00

#2.50 mg. of palladium were added,
bgample diluted from 250 ml. to 500 ml.
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While 1, znmhhap‘amdimm has most of the advantages
mentionsd, the seven membered ring is expensive to prepare. The
L-nethyl-l,2-cyclohexanedionsdioxine not only has all the advantages
of 1,2-cycloheptanedionedioxime, but is no mors expensive to prepare
than the 1,2-cyclohexanedionedioxime.

By employing the Lemethyl maleg, nickel and palladium oan be
determined in quantities from 5 to 50 mg. with an error of a few
tenths of a milligram. Interferences are few and most interfering
 materisls can be masked or removed, As with 1,2-cyelohsptanedione-
dmm, iron offered no interferente 1 ampmé with citrate or
tartrate. The seversl deteminatiens of nicksl on Netional Buresu
of Standards swei samples gave r“‘“l“,“?@m“ to 0.1 mg, In
some cases up to L g, of iren were present, but when complexed with
citrate, it offered no interference, ‘Pwhaps the most interesting
interference is ruthenium(III) since the dioxime cowplex of this
ion has never before beah reported in the ‘ﬁmuimm. The ruthenium
complex is water soluble and will not interfere in the gravimetris
determination of nickel or palladium if exceses reagent iz added. It
was noted that the dioxine complex of ruthentun was slow to form
which is consistent with imown ruthenium chemistry.

Gold interfered with ihe determinstions since the resgent re-
duced it to the metal, Inmterference is awiénﬂainply by adding
hydroquinone and ﬁ.lm,ng the precipitated gold miﬁm bafore
sddition of the dloxime, | |
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The heiso-propyl~l,2-cyclohexanedionedioxime was found to be
both physically and chemically quite similar to the lemethyl deriva-
tive except for solubility of the r&&gmt and its complexes, These
were less soluble in vater as might be expected with the increased
moleculsr weight, Two factors, the incressed weight and smaller
solubility, make this dioxime applicable to the determination .ef
smaller quantities of nickel and pall&d&un. With 1 to L mg. of
either metal the gravimetric results are accurate to 0.0k mg., if the
li=lgo=propyl hemolog is employed with normsl macro analysis methods.
Of course, the interferences encountersd are the same as with the
li-methyl-1,2-cyclohexanedionedioxine only more significant due to
the smaller quantitiss of metal involved,
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suggested and employed for the spestrophotemetric determination of
nickel(II) in the range of 20 %o Yo

 Mamy organic reagents r&wﬁ with niekel(II) to produce

- intensely colored complexes. The sodium salt of diethyldithio-
cﬁrbmg?lm, (3235}23033%, has been proposed by Alexander et al. (3)
a8 a colorimetric reagent for nickel(II). The metallic complex is
amae%ei fm an aqueous miuﬁam m%a :mﬂ«amiyl alaohol té form &
yallw-gmm m'amﬁw ;mm The bca% rmga for m mkal CONQen~-
ltratim is f;rm 5 taa 80 v,

o Patgaaxum di%hiaaxalata; K,00,8,, is reported by Fairhill et
‘a1, (2la, 23) to form a dark red-colored complex with nickel(II)
vhich is sultable for a colorimetric detemmination. Both triethanol
anine, N(OH,OH); (61), and formsaldoxine (35, 18) have been
suggested for the wlmwria determination of ni.ake;. These
reagents are most applicable m* n’mml in microgran quantities.

The determination of nickel and cobalt with 3enitrososalicylic

acid has been described by ?ex'ry and Serfass (91@). The dark red-
colored nickel tsm;:m mim in t«%&u aqueous phase while the brown
mbalt

nd is th&d with wﬁm&wm athnr‘ ‘Both phases are
read with 'Y mampmmm ‘bhua ailm:ng the determination of
both mmue ions :!.n the pmaﬂwe of esach athem

o Prabamy the mast gmwml}y mgdﬁem of orgsnie reagents for
nickel(Il) is the vie-dioximes, The vie-dioxime grouping, ~C(=NOH)-
C(=HCH)~y reacts selectively with most of the transition metals to
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water, The organic solution was read at 377 millimicrons and the
method was sultable for nickel in the 1-to 10~y range.

 In addition to extrastion of the nickel~vic~dioxime complexes
into neutral orgenic solvents, Passameck (90) studied pyridine
solutions of the nickel-2,3-butanedionedioxime chelate. He ‘rapamei
that the spectrum was significantly altered from that observed in
chloroform and he could determine nickel spectrophotometrically from
1 to 1000 v, |

A more commonly used %lwimwm method for the determination

of nickel with 2,3~wtaméioméiem was reported by Rollet {108).
He modified Feigl's spot test for nickel (25) which involves
axidation of the nicksl(IT) complex vith slkaline lypobramite. The
color of the oxidized dioxime complex is nearly twice that of the
nickel(II) compound and Rollet recommended the method highly.
Extensive use of this mﬁh@d hns baen m in the determination of
nickel in steel (20, 57, 66, 7h, 83, 103), in bronse (46, 118), in
alumdmm (98), in magnesium (1), in caleium (1), and in many other
materials, |

While Rollet's m&h@é is wiéﬂly amp}.asy'ud, the reaction does
not satisfy all of the requirements for an ideal method. The color
is unstable and fades with time snd a careful control of the pro-
codure 1s necessary (39). Attempts to inprove the detarnination have

proved scmewhat successful, but not completely se, HMakepeace and

Craft (7h) studied concentration and pH effects on the analysis and
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different oxidents were investigated by Haim and Tarrant (L6). By
employing the optimum conditions as recommended by these studies,
the method is fairly reliable and has been used considerably. It
should be noted that the exact nature of the complex formed ls still
in deubt and is under current investigation (7).

onedioxine

Johnson snd Simsons (65) suggested 1,2-cyolohexanedion:
(L5) ss & colorimetric reagent for nickel. They found Rollet's
(108) oxidetion procedure would apply with g vie~dioxime as well,
if not better, than with 2,3~butanedionedioxime, The 1,2-cyclohexane-
~ dionedioxime complex appearsd to be more stable and reproducible than
when other dicximes were used. o |

- Ferguson and Banke (30) employed an aqueovs suspension of the
nickel(II)~1,2-cyclohexenedionedioxine complex for the spectro-
photometric deternination of nickel in calofum, A sharp sbsorption
peak at 550 millimierons was found to be suitsble for reading. The
susponsion was stabilized up to one week by the additien of gum
argbic which is a definite advantage over the spestrophotometric
method of Rollet (108). The conditions for preparation of the
suspension were the same as for quantitative precipitation of the
nickel complex except for the addition of gum arsbic which prevented
cosgulation of the precipitate. The best range for the method was
from 0.5 to L.k v of nickel per milliliter of solution. A great
mazy ions were studied for possitle interference with the determina-
 tion of nickel and ouly irom, ferrocyanide, cyanide, stiylensdiamine
tetrascetic acid, bighly colored materials, strong oxidizing agents,
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both metallic ions react with the reagent, palladium forms a complex
almost imuediately and platinum takes several days or elevated
temperatures, The reagent is added to a mixture of the cations and
the Ev&g complex 1s extracted immediately with chloroform, but
the platinmum, which is uncomplexed, remains in the aqueous phase.
Heat applied to the water solution will osuse the platimum to be
agﬁﬁa. and 1t can awg be extracted into ehloroform, This method
is good for microgram quantities of palladium, but amounts greater
than 1 mg. san not be extracted successfully dus to the limited
solubility of the complex in chloroform. |

While palladium has long been ﬁ%ﬁ to form a .E.w% colored
complex with vie-dioximes, only recently hes the awés to develop
2 spectrophotometric method involving this ¢omplex been reported.
Nielsch (B6a) extracted the palladium(II)-2,3~butenedionedioxime
complex into chloroform and determined the amount of complex present
~ spectrophotometrically at 366 millinicrons, The range of palladium
concentrations employed wes from 11 to 63 y per milliliter,

B. Materials and Apparatus

A Beckman quarts photoelecirlc spectrophotometer, Model DU,
manufectured by the National Technical Laboratories was used for
the constant wavelength studies and for the analytical dsterminations.
Deseription of the
thesis.

ngtrument is found in section III, B of this



A Cary sutomatic regording photoelectric spectrophotometer,
Model 12, manufactured by the Applied Physics Corporation was used
to obtain the spectra of complexes and reagents at verious wave-
lengths., Description of the instrument is found in section III, B
of this thesis. '

A Beckman pH meter, Model G, was used for all of the pH measure-
nents necessary for this study,.

Cortex or silica cells were used for all of the absorbance
neasurenents depending on the region of the spectrum under investi-
gation. The oells were calibrated to be 1.001, 5.000, and 10.00 em.
in optical path length.

The volumetric glassware employed were Kimble “Exax" or "Normex"
brands ¢or their eguivalent,

h~tert-Amyl~l,2-cyclohexanedionedioxime, Hesgent grade. Pre-
pared as described in section II of this thesis.

Chloroform. Chemically pure. Distilled to remove the non-
volatile materials.

Citric escid. Reagent grade.

ol 2-Cyclohexanedionedioxime, Heagent grade. Frepared in this
laboratory.

Diarmonium citrate, Reagent grade.
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Gum arsbic. A 10 per cent solution was prepared from the powder
and filtered to remove suspended material.

Listiethyl-1, Emmmﬁmﬁm, ‘Reagent grm. Prepared
as desoribed in section II of this thesis,.

- Standard m&akn&, perchlorate solutions. These mélwtim were
prepared from Mond nickel obtained from the Internationsl Nickel

Company, New York, Their preparations are described in section III, B

of this thesis,

Standard pamdim perchlorate solutions, R&aganﬁ grade, FPre-
pared as desoribed in section III, B of this thesis.
A1l of the other chemicals employed in this study were reagent-
grade quality, |

The spestrophotometric methods for nickel, employing vie
dioximes, have involved determination of the axidised complex in
basic solution, determination of the nickel(II) chelate suspended in
water, and determination of the nickel(II) camplex in chloroform

solution.

The oxidized complex has been studied rather extensively and
does not appear to be the best method. Ferguson and Banks (30) have

successfully applied the suspension method to nickel employ!
1,2-cyclohexanedionedioxime as & reasgent. They reported that the
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method was carried out without special precautions and since the
peak they used was the 550 millimicron maximum, temperature should
be a factor, As discussed in section III, D of this thesis, this
peak is a function of the particle size and, therefore, the tempera-
ture of precipitation and time of digestion would influence the

absorbance,

- Several determinations were carried out at different tempera-
tures of precipitation and the sbsorbance and position of the peak
were noted. It is seen from Table 20 thet if the temperature of
precipitation is between 1(' and 30° ., very little error results,

Table 20

Effect of Temperature on the Spestrophotometric Determination
of Nickel(Il} with 1,2-Cyclohexanedionedioxime in Water.

Temperature of o SR
precipitation Absorbance Position of maximum
- Y, observed ‘millimicrons

0w066 e
0.066 - 550
0.067 ) 550
04066 551
0.065 552
0.0 553
0.063 o 555

38 8 FE¥ B B of
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Table 21

Effest of Gum Arabic on the Suspension of the Palladiun(II)~
hmethyl~l, 2=cyclohexanedionedioxine Gomplex in Water

arabic Absorbance Absorbance Absorbance Absorbance Absorbance
added after after after after after

0.1 0,060 0,067 0.068 0.066 0,062
0,5  0.060 a.m% 0.068 0.067 0,066
1.0 0.060 0,067 0,067 0,067 0.067
20 0.060 o 0.067 0,068 0.068
5.0  ©0.08  0.08h 0067 0061  0.068
10,0  0.053 0.062 0.065 0,066 0.067

amounts of gum arabic the suspension soon gettles and with larger
quantities the suspension is slow to form,

The effect of pil on formation of the suspension was investi-
gated and as with the gravimetric determination of pallediun with
L~methylel,2~cyclohexansdionedioxime, the quantitative range was
from 0.7 to 5.

To avold interference by iransition slements and weskly basic

metals, it was felt that the pslladium determination should be
carried out with the pH between 0.8 and 2.0.
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Table 22

Effect of pH on the Formation of the Palladium{II)~
h-methylwl, &ayalamwm Gemplex Suspension
in Water

P Absorbance

0.0 0,00k
0.3 0,012
9{7 0.069
0.8 0.072
L0 | 0.073
1.5 ' 0.073
2.0 0.072
245 0.072
3.0 | 0,073
k.0 0073
5.0 | 0,069
60 N 0,067

Sinece the maximm to be used for the spesctrophotemetric deter-
mination was to be the L70 millimioron pesk, it was felt that the
temperature of formation of the suspeneion might affect the posi~
tlon of the peak as well as the sbsorbance. The effect of tempera~
ture on the absorption peak is given in Table 23 and it can be



concluded that if the temperature is held between 10° G, and 30° C.,
no error is noted.

~ As the temperature of precipitation was imereased above 3* ¢.
the absorbance of the peak degreases and the pesk shifts to higher
wavelengths. Also, it might be mentioned that if the temperaturs of
precipitation was at elevated temperatures and in addition the
suspension was digested for any length of time, the error produced
increased markedly, One would certeinly expect this since digestion
usually results in the formation of larger crystals.

"mbls 23

Bffeot of ‘rmpamtam on the &mﬁm;ammu&rm Determination of
Palladinm(X1) with Li-Methylel,2-cyclohexansdionedioxime in Water

Temperature nf pmaipl‘w&im Absorbance Position of
*¢. observed ' nillimicrons

g.m ) 169
0.076 ko
ﬁ,f.a?# | k70
0.076 LT
0.075 k72
0.075 k73
0.07h L7k
0.073 ~ h1s

8 % E 8 8 B o

3
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A calibration curve for the spectrophotametric determination
of palladium was prepared by taking various amounts of a standard
palladium(II) perchlorate solution and after forming the suspension,
reading the sbsorbance. The results are listed in Table 2 and are
plotted in Fig, 6. The absorpiivity as determined from the average
glopes of the calibration curves is 0.0542 absorbance units per
microgram per milliliter per centimeter. This would give a value
of 5,79 x 107 for the melar sbsorptivity,

The procedure followsd in preparing the suspension was as
follows, The sample of palladium was placed in a 100eml. flask and
diluted to nearly 80 ml. with water. One ml., of a 10 per cent
solution of gum arabic was added along with sufficient congentrated
hydrochloric acid to lower the pH to between one and two. One ml,
of & saturated, aqueous solution of h-methyl-l,2-cyclohexanedione-
dioxime was intreduced and after diluting to 100.0 ml., the solu-
tion was veli sheken. After two hours, the suspensions were read
on the Beckman spectrophotometer in 1,001~, 5.,000-y and 10.00-cm.
eslls at 470 millimicrons.

. Interferences were studied by preparing the bis(lh-methyl-
1,2-cyclohexanedionedioxinato-N,i') palladiun(Il) suspension in the
presence of foreign ions. The ions added are listed in Tables 25
and 26 and it can be seen that only a few materials interfere with
the method,
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Table wr

Calibration Curve for the Spectrephotametrie Determination
of Palladimm(II} as the hL-Methyl-l,2-cyglohexanedionedioximer
Suspension in Water

@anggs
Falladinm concentration 1., 00=cmy m,g&ﬂ. 10.00=cm,

¥ per ml, cell ~cell eell®
5.97 0,323 , w.@a o
5.21 0.280 S W5 1 —————
hi.b7 0.2h2 1.210 ——
3.72  0.203 1.01k —————
2,98 0.162 0.810 1,622
2,23 0,122 0.609 1.222
1.h9 0.081 0107 0.815
0.745 0,0k1 0.203 0,40k
0.670 0,037 0.184 0.368
0.521 0,029 0.148 0.298
0.372 0.020 0.097 0.19h
0.22h 0.01h 0.062 0.125
0.1h9 0,009 0.0L3 0.085
0.075 .@w 0.02h 0.0L7
0.037 ?a% 0.013 0.026
0.018 0.001 0.009 0.017

»». h10 gwﬁg?

aﬁaﬁ. correction of 0,003 should be subtracted from the
5¢00=cm, 3&. aaa&uaa.

a?ﬁ, sorrection of 0.005 should be subtracted frem the
10,00-cu, ¢ell readings,
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Table 25

Anionic Interferences in the Spectrophoicmeiric Determination
of Palladium(II) with h-Methyl-l,2-cyclobexanedionedioxine

as the Complex Suspendsd in Water

Jon added

ng.

Absorbance®
observed

Error

Acetate
Bronate
Bromide
Chloride
Chromate
Gitrate
Citrate
EDTAP
Ferrocyanide
Fluoride
Lodide
Nitrate
Oxalate
Perchlorate
Sulfate
Thiosulfate
Thiosulfete®

1000

0,099
0.079
0,097
0.096
0,096
0,101
0,093
0.099
0,096
0,095
0,096
0.097
0.097
*3?@97
0.099
0.096
0.105
0.098

+ 0,002
- 0,018

3,008
- 0,001
- 0,001
+ 0,00k
- 0.00h
* 0,002
- 0,001
- 0,002
- 0,001

0000

0.000

0,*%&
+ 0.002
- 0,002
+ 0,008
+ 0,001
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Table 25 (Continued)

, Amount R
o dded Absorbar
Ion added ; nge cbgerved ‘ - Error

Uranate(VI) 100 0,098 | + 0,001

% bsorbance expected, 0,097, -
bgthylenediamine tetraacetic acid.

Table 26

Cationic Interferences in the Spectrophotometric Determination
of Palladium(II) with L-Methyl-l,2-cyclohexansdionedioxime
" ag the Complex Suspended in Water

Amount .
S added Absorbance
Cation added ng. obaerved Error

Aluminom(III) 04092 - 0,005
Ammonium(I) 0.097 ng
Antimony(III) 0,095 | - 0,002
Arsenie(III) 0.096 - 0,001
Bardun(II) 0.098 + 0,001
Beryllium(IT) 0.096 - 0,001
Gadmium(II) 0096 - 0,001

100
100
100
100
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Table 26 (Continued)

Cation added

Bg.

‘Absorbance®
- cbserved

Caleiun(Il)
Gerium(III)
Ghromium(III)
Cobalt(II)
Copper(1I)
Gold(I)
Hafnium(IV)
Iridium(III)
Tren(rr)
Iron(ILI)
Tron(111)”
Lanthamun(I1I)
Lead(1I)®

L tadunx)
Magnesium(II)
Manganese(I1)
Mercury(II)
Nickel(II)
Platinum(II)
Potassiwn(I)
Rhodium(IIT)

1000

|

)

100

@g‘ﬁ?&

0,09k
0.096

04099
0,102

© 0.087
0.102

0.083
0.08k
0.098
0,091
0.096
0.096
a,asﬁ
0.099
0,103
0.098
0,102
0,098
0.100

+ 9,001

+ 0,003
- 0.003
- 0.001L
+ 0,002
# 0.005
- 0.010
+ 0,008
- 0.014
- 0,013
» 0,001
- 0,000
- 0.001
- 0,001

0,000

+ 0,002

+ 0.006
+ 0.001
+ 0.005
+ 0,001
+ 0,003
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Table 26 (Continuved)

Lt s
. added Absorbance®
Cation added Bg. obgerved Error

Butheniun(II1) 100 0,148 # 0.051
8ilver(1)*® 100 0,095 - 0.002
Sodium(I) 1000 0,096 ~ 0,001
Strontium(II) 0.098 + 0,001
Thalldum(I)® 04097 04000
Thoriuwn(IV) 0.095 - 0,002
Tin(1I) 0,0k3 - 0,05k
T4.tanium(III) 0,095 - 0,002
Vanadium(IV) 0,097 04000
Zine(I1) 0.099 + 0.002
Zirconium(IV) 0.090 - 0,007

E 8 E8EBEEE B

8 bsorbance expected, 0,097,
PFluoride added.

®Chloride sbsenty perchloric acid used.

Colored ions were compensated for by employing a blank with very
1ittle reduction in sccurecy. Chromium(IIT) sbsorbs strongly in the
470-nillimicron reglon of the spectrum and enly 0.1 mg. per milliliter
¢an be present and still permit deternination of the palladium. With
greater quantities, the spectrophotometer could not be balanced.
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Strong oxidizing end reducing agents interfere with the deter-
mination, but these can be eliminated, Hydrox

lamine hydrochloride
was added to the oxidizing agents to destroy thelr interference and
reducing materiels were removed by addition of ceriwn(IV) ion.
Excess cerrate was destroyed by hydroxylsmine.

~ Ruthendum(III), iron(III), and iron(II) reacted with the
reagent at the pH used to form colored camplexes. The iron inter-
ference wss reduced by oxidation to the iron(IlI) state and complexe-
tion with fluoride or phasgﬁ;%. Very large amounts of iron must be
eliminated by an ether extraction as the chloride in 6 molar hydro-
chloric acid.

b, Chloroform solution. In order to prevent interference by

the highly colored materials, it was thought thet the palladium(II)
eomplex might be extracted into shloroform apd read in the organie
phase. It was expected that the extraction would offer ne difficulty

since the metallic complexes of l-methyl-1,2-cyelohexanedioned

_were soluble in chloroform. A sean of the spectrum of the complex

in chloroform revealed an absorption peak at 280 millimicrouns, Fig. 3.
It was decided thet this peak would be satisfactory for the spectro-
photometric determination of palladium since the reagent does not
absorb at that wavelength,

~ The procedure employed for the precipitation of the palladium
conplex was the same s that used in prepsration of the aquecus
suspension except that the gum arabic was omitted. After one hour,
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the preeipitate was extracted with three T-ul. portions of chloro-

form, The chloroform wes placed in a volumetric flask and diluted

to volume, Water was removed by the addition of a small amount of
ahydrous sodium sulfate and the organic solution was read at 280

millimicrons on a Becloman, Model DU, spectrophotometer.

A standard calibration curve was prepared with known quantities
‘of palladiwn(II) and it was found that a straight line resulted
from the plotiing of absorbance vs., mierograms of palladium per
- milliliter, The data are tabulated in Table 27,

.wwga 3

wgﬁamggga uiﬁ sation of mggﬂuv
with L-Methyl~1, méawegﬁﬁgag in Chloroform Solution

Palladium sdded « ' Absorbance®
z o ﬁ 280 gﬁﬁﬁu

0,00 0,001
3.00 o 0.035
b0 L ~ 0.069
5 R 0.095
iy BRI 0,148
16,1 R B 0.185
22, : SRR 0.2h0
37.2 , 0.395
551 S  0.600
TheS 0.8

82,000-am, cells used.
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The slope of the line was deternined to be 0.280 and the molar

ebsorptivity 14,9 x 10, This means the solution method is more
than three times as sensitive as the suspension 'pmadm.

All of the ions that were investigated as possible inter-
ferences in the suspension method were also studied using the
ex:tmw&aﬁ into chloroferm. All of the mmrtemm vere the seme
except for the fact that colored species, such as chrm:S.w(III‘),
offered no interference. Iron was complexed as the flueride,
phosphate, citrate, or tartrate %o avoid interference. Ruthentwn(ITI)
rescted with the dioxime o form sn extractable species and caused
high results for p&llaéiw‘ |

Sinos palindize was so epsily sxtrsstad lato shloroforn and
determined with immaﬁ am&&iﬁ%& it wes el;vimia to attempt
the seme g;ét;;ag; with nickel(II). The bis(hwmethyl-l,2-cyclohexane-
dionedioximato=li, N )nickel(II) was precipitated in & 250-nl.
separatory funnel by the addition of 5 ml, of 2 per cent ammonium
acetate and 1 ml, of a saturated L-methyl-l,2-cyclohexanedione-
dioxime solution, After one hour the precipitate was extrascted
with thres Tenl. portions of chloroforn. The organic phases were
placed in & 25-nl. volunetric flask and diluted to volume With
chloreform. After drying with 0.5 g, of anhydrous sodium sulfate,
~ the solution was rwd at 383 mmmicrm. A solution of the nickel
¢amplex in chloroform had been previously seanned on the Cary spec-
trophotometer and an absorption pesk at 383 millimierons chosen for
the analytical method, The curve is reproduced in Fig, l.
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4 standard calibration curve was prepared with known quantities
of nickel and the data are given in Table 28. Three determinations
were made for each conecentration of nicksl.

Table 28

Galibration Curve for the Spectrophotomstric Determination
of Nickel(II) with li-Methylel,2-cy¢lohexanedionedioxime
in Chloroform Solutien

Nickel(Il) concentration " Absorbance
y per ml, , at 383 millimiorons

0.60 0,039 £ 0,002
1.20 0,082 ~ 0,00k
.60 0.118 £ 0,003
2.k0 0.257 £ 0,00k
3.60 | a.ﬂz&? = 0,00k
.80  0.327 2 0,008
6.00 0,417 = 0,009
7420 0.48k = 0,006
8.ko | 0.565 £ 0.007
9,60 | 0.632 2 0,008

Pig. 7 is & plot of the dsta of Table 26 and 1t is seen that a
stralght line can be drewn with a slope of 0.0671. The aversge
deviation of the 30 determinations of the calibration curve is 0.00k
absorbance units or 0.06 y of nickel per milliliter. The molar
sbgorptivity caleulates to be 3.5h x 103,
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 The interferentes of the method were studied (Table 29) and it
was found that all of the ions that interfered with palladium also
interfered with nickel., In addition vgapw(‘ll), cobalt(II), and
palladium caused high results if special procedures were not followed,
The copper{Il) was reduced and complexed with thiocyanste, the cobalt
was oxidized and complexed with peroxide and eyanide, and the
palladium was masked as the amnonis complex with the determination
carried out at a pH of 8, Iron was removed as the cupferate (109).

A Nationsl Buresu of Standards sample was determined with = 0.5~y
acouragy or ~ 1 per cent for & Ll-y sample.

Table ﬁ?

Effect of Foreign Tons on the Sxmaﬁmpmm’ww Determination
of mm{xﬁawm h-Methyl~1, 2-cyclohexanedionedioxime in
Chloroform Solution

Amount of  Niekel®

o each ion found Error
Ions added nge ¥ e

MM(I) %wm(x), 7

Litatua(1}, Anmontun(I) 15.0 0.0

Caleium(II), Strontiwm(II), -

Bariwn(II) k.8 - 0.2

myum(m; ammm(m), | ‘

Magnesium(II) 15.1 + 0.1

Lmﬁham(ﬂl), Cerium({III), ) ) |

xm(m, aam:mm), o
Manganese(II) 100 14.8 - 0,2
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Table 29 (Uontinued)

Amount of  Niokel®
- ' eagh fon  found Error
Tous added ng. Y D

Silver(1), Lead(1r)" 100 R - 0.1
Chromiun(III) 100 15.3 + 0.3
Gobalt(II) 100 60.9 +h5,9
Copper(1l) 100 7046 +55.6
Tron(I:) 2.1 + 5.1
Iren(Ir) 100 18,1 + 3.1
Ruthenium(1IT) 20,3 + 5.3
Pal Ladtun(11)® 100 15,1 + 0.1
Hexacyanecobaltate(II) 100 15,1 + 0.1
Dithiccyanocuprate(I) 100 15.3 + 0.3
tron(rin¢ 15.2 + 0.2

Chloride, a.amm, o
Sulfate ) 100 15,1 + 0.1

Phosphate, Gitm‘ka,
Tartrates = k.8 0,2

Alunioum(I11)® 10,1 - L0.8 2 0.5 +0.0

815,0 v vere added.

PGnloride absent, |

CAmmoniun hydroxide .dm;, pH a,
%%mmtnd as mpmm‘ma

‘3.?3.3; aluminmum-base ‘nﬂy’ Yo. 853’ taken hl ¥ of nickel, three
determinations,



~ The application of li~i80=propyle1, 2-cyelohexanedionsdioxine to
the spectrophotomstric determingtion of nicksl and pallsdiun was
investigated and it wes found that the same procedures mplmyzd for

their determination with L-methyl-l,2-c¢yelohexanedionedioxime gould
be applied. The accuracy and inwwa‘mas by foreign ions were
identical to the h-methyl homelog, but a slight inorease in the gensi-
tivity of the method could be cbtained by ‘the more favorable distri-

bution of the complex into the organie exiractant,

By extracting large volumes of water with small volumes of
chloroform, extremely small contentrations of nickel and palladium
cen be determined in water, Table 30 indicates the concentrations
that can be determined by this m@thﬁé along with the error.

Table 30

Determination of Small Concentrations
of Wickel(II) and Palladium(II) in Water
with hi-iso-Propyl-1l,2~¢yclohexanedionedioxine

" Iem and " Gongentration B '
saount added in agueous phase Amount found Error
k4 Pa?-ﬁ: k 4 %

Wi{11), 51.2 0.5 51,0 0.5
Wi(II), 51.2 0.1 48,9 5.0
Pd(II), 51.2 0.5 50,3 2,0
Pa(1I), 51.2 0.1 kk.9 12.5
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~ Extraction of the nickel chelate proved to be even more
successful than with the palladium complex. (Conoentrations of
nickel as low es 0,1 part per 1,000,000 can be determined with only
a 5 per cent error by extraction of 500 ml. of the aqueous phase
with six 7=ml. portions of chloroform and dilutien to 50 ml.
Palladium is less sensitive by about a factor of three.

D. Discussion and Summary

The work of Voter and Banks on the spectrophotometric determinaw
tion of nickel as the Huménwagggw&g& complex suspended
in water was checked and considered {o be remarkable since the
maxisum they measure iz not a true absorption peak but is also a
function of the particle size. Their method was found to be re-
producible if the proecedure was followed carefully and the tempera-
ture of precipitation wes maintained between 10° and 30° G. This
temperature control was not mentioned by Voter and Banks, but it
was found to be an important varisble,

The L-methyl-l,2-cyclohexanedionedioxime complex of nickel was
suspended in water employing the same method as with the 1,2-cyclo-
hexanedionedioxime itself, but mo advantages or disadvantages were
found over the unsubstituted alicyclic dioxime.

The spectrophotametric method was applied to the determination
of palladium by resding the h70-nillinieron pesk of & suspension of
bis (k-nethy1-1,2-cyclohexanedionsdioxinato-t, ') palladiun(11) in
water. Agsin, if the temperature of precipitation was maintained
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ggg_u.@. and 30° C. and the procedure was carefully followed,
then from 0.5 to 150 y of palladium can be determined with a
Mmiting error of U.1 v,

The interference study revealed only a few materials that
interfere with the suspension method for palladium and these are
ﬁ..g» ruthenium, cyanide, sirong reducing and oxidizing agenis, and
lerge smounts of highly colored ions, The irenm can be complexed
with tartrate, cyanide removed by heating under asidic conditions,
and reducing end oxidizing agents destroyed with cerium(IV) and
hydroxylamine, respectively.

. Rutheniwm interference could mot be removed and must be absent
from the solution, High consentrations of colored materials were
overcome by extraction of the chelates from the aqueous phase with

ehlorofomm,

The chloroform solutions of the palladium complex were read at
280 millimicrons and it was found that the sensitivity of the deter-
mination was increased several fold over the heterogeneous procedure,
Both the extraction and the inereased molar absorptivity contributed
to this grester sensitivity, |

By ewploying l-methyl-1l,2-cyclohexanedionedioxime in both the
heterogensous and homogeneous spectrophotemetric methods, palladium
can be determined in quantities from 0.5 to 1000 v with ascuracies
of 1 per cent or 0.1 y depending on which is the larger. This is a
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factor of 20 times more sensitive than the method reported by
Hielsch (86a). The only interference found that could not be
removed was ruthenium and 1t might be possible to distill awey this
metal as the tetroxide.

Nickel(II) was determined ly extraction of the diexime chelate
into chloroform and the main advantages of this method over the
aqueous suspension procedure are the increase in sensitivity and the
removal of the interference by colored ions that are not extractsble
into ehloroform. From 1 to ¥ of nickel can be determined to
1 per cent or 0.5 v.

Interferences with the method are few with only ruthenium inter-
fering even in the presence of masking resgents. Copper, cobalt,
iron, and palladium interfere unless complexed with an appropriate
anion,

The striking factor of the substituted 1,2-cyclohexanedione-
dioximes is the high solublility of the metal complexes in chloroform
and this fector makes possible the extraction of gubep,.p.m. amounts
of nickel and palladium by chlorofomm from large volumes of water as
the L-iso-propyl~l,2-cyclohexanedionedioxime complexes. This is
perhaps the most sensitlve method yet reported for the determination
of nickel.



‘uoynTON
673 03 9BIITO JO UOTHIPPE GUA £q WRTWOINO PUS UOIT JO eOUSIE]
=109U7 O3 POYSUTMTTS PUs Poyjew Sy WO pasoadwy sA®y (6L) UITIFIID
pue Fyourroy *juted pue eqy BuiIwoTPUT aEeTO euwsoeq UOTIRTOS
oy} ‘spiuedo sy3 Se PexeTduos SEM JEATTS OYY JO TT® UGN *PIATOSSTP
wen sqwyydioead syuyy epyuedo jo UOTSTPPE Joujauy 4 pus WOTIRYON ey
uT e3wyTdroead ApmoTo ® PaMIOF SPTPOT JATTS SUL *epTPOT wmysswsod
Jo fypquenh Treuw v Y3t SUOT® PEPPE S9M 9BAGTU JBATTE DIBPUELS
J0 qunowe umouy ¥ ‘pePe; XGTdMOO PTHOWNE-TONOTU SWy JO J0TOO SNTq
oW} WoUN "OPTXOJPA| WMTUOUNE S4UTTP UT UOTINTOS epTieLo pIepuEys
SU3 UITA POJRIITY Sem TOHOTU S  *JIOJEOTPUT OY3 §¢ SPTPOT JeATTE
pue JusayTy oYy S¢ UOTINTe epruedo umysswiod prepues v pelordme
ous €(0g) eJooi Lq ATTEOTIJOUTILT] POUTWIE}SP USGq SWY TOAOTH
*oTquTTeA® 8q 3emm quvod eoueTeATtbe ey HurHrym
~I838P JO POVGSW GWOS PUe ISUUEW WMOWY ¥ WY 3096l 3¥nm JusSeex eyl
“peuTWIeIeD 8q 0F POURLSQNS SY} 07 DOPPE ST UOTIBIAUSLUOD UMOW( JO
queS¥st ¥ JO WOTIN[OS B SUOTLNUTHANASD OTJISOUNTEA TAJEEOOONE W 4NO
£1380 01 ISPIO WY *SUOW 400XTPUT IO §OITP £q Jeuyle ETETAeIEW
asow 03 erqestrdde pue ‘ejeanoow Fpides LTTENSN eXe SpPOUGeW BROY]
*897I03RI0qET TPTXSNPUT PUe OTuSpEOw U30q UT eamgord {eotyireue
o3 Jo q4red eBxer ® w0y sjadyeum Jo SpoYjem OTIEUW(OS

SINYBINYTT U Jo MeTASH Y
SNOTIVOIIdIY OTHITWIHLIZL °IA



*UOIT €43 YA JI0T00 pex deep v w8Al3

SUTXOTp 800X °IOYBOTPUT TEULSIX® Us §¥ eqe TS oTsdey Buwrlordus

£1 (09) ojounsqe] pue TASEATYST L1 JNO PETIIED USSQ EEY GWIXOTPIUCTD -

~aueang~{ ‘2 WATA TONOTU Oy} JO UOTSMTA 908I7]  ‘persodsx wesq eawy
*SOWTXOTP=0TA JO 88 oy BUTATOAUT SpoUgeu OTIjeWLIIT} TeieAeg

*quyod pue ey} je pealesqo

ST TeTsuegod ut eSuwyo e3el v pue freoTayemoriusiod PROTIOF o8

guoTIRINT ouy *SEOTIRXIT UOY §§ J03 Lrsatsusixe pelordms wesq

eAvY PToE OT3007RIIeY SUTWRTPeUTAY}e PUR PTOE D}RSOWLMY wTUOWmE Yjog

*(LT1) wwewrepeTd puw YoequesIBAUSS puwe (GTL) UsequesIeAuss Ly peTpnys
useq SEY TEHOTU 20F SYUNITY e syuePess Suriereus Jo oem eqi

“TOASTE JO UOTHEUTHINSD

~OXOTH wﬁ o vaﬁea sy wgﬁa gﬁnﬁggw aawy (412) pryeen

puw Axeang  “yutod pus pes TATAe ® 03 PTOE ITIOTUOOIPAY prepueye

TATA POISIITI USWA ST UOTANTOS Gnocub® GUI “84EA UT PAATOSSTP pue

*TOUOSTS WITH POUSEA ‘PRIOATES ST S4u3IdTOSKd OUL *UOTARTOR 89BAIEY

| TeoTuomrs Uy suTPTWTPOURLOTD TENOTH JO WOTIPITdTosad Ay TEMOTH FO
UOTARITIXe3ep STIIEUNTOA R0STPUT SUY peRodax ey (9F) ASNLA

*{g) epyvot wupsswyod

JO UOTATPPE Oy J94J8 SQSFINSOTUR U3IA PRIRATY AORQ S8 USTUM

SUTWOJY PIEPULIS SEGOXS YITM DO4BIYTY Uey Sum eutouwynbirorpd-g

oyl “*WXDFOIOTHYO OJUT UOTHOBIXS puw XoTdmOD eUTTOWmbAXoIpAy-y
ou3 Jo uopseyydyoead Lq Ar30RTPUT peUTWIeep uesq sey TeNOIN

g€



*pioe ojaeTyoxed prepumss Wy [aciiic

Slen SUOT 99}e0® DeFEeTsl oW} PUS TeyoTR el Xedwoo o3 peppe
SSM STTI3THORPOY ‘PTOR OT3e0E TEYOU[S UT POATOSSYD PUR ‘PeIeqTis
‘poquydroead sem (TT)Tenotu( N H-03uTXoTpOUCTPRUBINY~C ‘2 )STq euL
*SUTXOTPOUOTPETRINA~L 2 UITH TONOTU JO UOTIWUTWISIOP oW} O) PowRew
STIjeuTaq Ty enostbe-uou ¢ pelopdwe sAwy () EPIRM pUe BATXL

“TONOTH JO UOTIBITY oTsqewcedwe eyy UT (S6) AeTTep pue sAonuEeg

£q pofoTdms useq WY SWTXOTPSUOTSUEKSUOTOLoZ ¢T DY SPOILOSTS

J03WOTPUT e ©8 sposjoeTe Lmoseu~Jurddoxp v Suren GWTXOTPOUOTP
~QuRING-C 7 UITA TONOTU PejeIyTy eawy (L) JeBue pue JIowsToy

*Sur mm o4 dn serpdues zoy *Sw T*0 0% S4BMODE ST ‘PRATOAUT

uBnousTe ‘powsem eTHL *ejeunBumused WA (TI)UOST eWA JO USTIBAITA

quenbesqns yyTa (II)UOIY 03 (IIT)UOST Jo UOTROMPer 4q peuTuzeqep

87 eupweTAxotpAy ouy pue Jusssxd OWIXOTP Jo eTou Jed pegeses se

suTwTAX0IpAY JO SOTOW OA] *GWFXOTP o Jo Sjonpoad mOTyFsoduoDEp

| oy3 W0y 03 PTOR SYNTYP 304 UT PATOSETD &7 sqeyydroesd ewy weuy

pue oUTXoTpeUCTRANEIIG-C ¢z A PeyByTAToead 4BITF BY TXOTW OUG UOTYM
Ut (92T) JyourseSnoy L pesodoad ussq Py POUYSH JOSITPUT WY

*gutod pue wyereysyd
~Tousyd eyy 03 SPTX0IpAY wmpssejod PISPUNS USTH PRYRIATY ST Prow
sus faueSewel oyj JO UOTATPPE Jeqye uews pue quyed pue uyeTeyrudyousyd
¥ 03 peysufpe ST UOTANTOS oy fSUTXOTP U} Jo UOTHTPP® euy eJofeg
*(N6) *3nTTOH £q PedoTeasp useq ey PesseTs: PROR WY JO WTIWHTASS
ou3 U poseq POWReN OTIHWTITY ® ‘suot ueSospdy oMy Jo esSwTOX

s} UT 83TNSeX GWFXOTP ¥ PUE TENOTU USSHISq UOTORSS OUI SOUTS

9ET



137

~ Several possible methods have been suggested for the determina-
tdon of equiw&.me pain%.. Among those nost améniy used are
pamnﬁimeﬁrie, eamamw, mpsmaw, and visuel methods,
Wit‘h the advent af wlwmﬁara ami spectrophotameters, several
investigators attmpm to improve on the visual methods with the
aid of & photometric end point.

The first p}wﬁéghﬁrﬁm_ measurement of a color change as & means
of da~wmining an end point was reported by Field and Bass~Becking
4n 1926 (33). They employed this method in conjunction with the

starch-iodine reastion.

 In 1928, Muller and Partaidge (&) described a photoeleotrie
apparatus for mkmm %Mm%ﬁng employing a phototube, an
mplit‘isr, a relay, and an msamgmm buret relesse. Thay were
able to perform scidinetric, alkslinetric, permanganate, dlchranate,
‘and iodometric titrations with this spparatus. Also, the preeipi-
tation titration of chloride with silver was reperted to be possible,

ﬁemm‘l other workers énxm hhn past two decades have applied
the phatmtrm end point to many titrations {m@, 112, 51). |
Hirano (52, 53) has been especially active in the field and has
employed this meﬁlmd to several amm Mﬁamam.

Recently Nichols and Kindt (&0 alie& ‘the ;mmmrw method
to the determination of fluoride with thm'im.. A},M‘mf sulfonate
was used to form a colored lake with excess thorium at the end point,



Bobtelsky and Welwart (10) have carried ocut a photametric titration
of nickel by employing 2,3-butanedionedioxime &s a precipitent.

They emplay a photoelectric colorimeter for the end point determina-
tion and were able to analyze for milligram qusntities of nickel
with & few per cent error. The dioxime was added dropwise and
readings were taken on the galvanometer after one mimute. They were
sble to determine nickel in the presence of & 50-fold excess of
aluminum, irom, lead, copper, cobalt, manganese, and chromium by the
addition of sultable masking u.aamaﬁn. Citrate, tartrate,
phosphate, gm acetate proved to be the most useful complexing ions.
Use of a photemetric end point with a titration hes generally been
applied when a colored indicator agaw but Bricker and Sweetszer
(12) have employed the method to follow the change in produsts or
resctants of a titration wwwﬁwwuo@ light in the ultraviolet region
of the spestrum. Many organic compounds that could not have been
previocusly titrated can be determined in this manner.

Reilley and Sohweitzer (105) have pointed out that with a @weaar
metric titration, when the reaction is slow near the equivalence
point, extrapolation to the end point is possible and further, inert
absorbing mmaawma do not interfere as their effect is canceled by
the differentisl method involved,

Fine reviews of the photometric method, its applications, and
~ the instruments developed for its use have been reviewed by Osborn,
Elliot, and Hartin (87) and Goddu and Hume (i3).
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Chloroform. C. P.~grade chloroform was distilled to remove
the non-volatile material.

Methyl alcohol. Besgent grade.
hi-Methyl~1, 2-cyclohexanedionedioxine. Resgont grade. FPrepared
" in this laboratory,

~ k-iso-Propyl~l,2-cyclohexanedionedioxime. Reagent grade, Pre-
pared in this laboratory.

~ betert-imyl-l,2~cyclohexanedionedioxime, Reagent grade. FPre-
pared in this laboratory.

%andwd mmx perchlorate, FPrepared as described in section
IV, B of this thesis., All other chemicals used in this work were
regsgent-grade quality.

G. Experimental

Since the niekel complex with vic-dicximes is highly colored
and the resstion virtuslly complete, it was thought that the
squivalence point of a titration of nickel with a vie~dioxime could
be losated photometrically.

1. bL-Methyl-l,2-cyclohexanedionedioxime

&, Determination of nickel, To determine the possibility of

a photometric titration with an aqueous suspension of the nlckel-
dioxime complex, 500 v of nickel were placed in 100 ml. of water
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Table 31

' Kinetics of Precipitation of Nicksl a
with L-Methylwl,2-gyclohexanedionedioxinme

Time after addition® Absorbance Fraction of
min. observed reaction complete

0450 0.019 0,10
015 | 0.028 0.15
1.00 " 0.037 0.20
1.50 ~ 0.083 0.29
2,00 0.066 0.37
2.50 0.077 .43
3.00 0.088 0.k9
k.00 0.30h 0.59
6.00 0.127 0.72
10.00 0.161 0.91
12,00 0,166 0494
20,00 0.176 0.99

®§ickel added, 20 y in 100 ml,
1.0 ml. of 0,001 molar dioxime added.
eomplex at 383 millimierons, This mixture was also found to dia-

solve willigrem amounts of inorgenic salts,

~ Five ml. of & 0,001 molar nickel perchlorate solution were
placed in a titration cell and diluted with 50 ml. of & 75 per cent
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Table 32

Kinetiecs of Precipitation of Palladium
with h~Methyl-l, aamaammmaim‘

Time after addition® Absorbance Fraction of
© 0 mine  observed reastion complete

0.25 0,005 07
.50 0,017 .23
ag?ﬁ 0,028 »38
1,25 | 0.0ko .55
1.50 0,0kk «60
2,00 0405k «7h
2,50 0.060 | .81
3.00 0.062 «8h
3.50 0.06k .88
1,00 C 0.067 .92
600 0,069 .95
12,00 a,a?l L S
20,00 0.072 | .99

- ®Palladiwn added, 20 vy,
91,0 ml. of dioxime added,

Attempts to titrate palladium in the mixed solvent of methanol-
¢hloroform-water were unsuccesaful. While the time required for 99
per cent aqlér formation was redused to six minutes, this is still
too long for a good mm&.
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The results of several titrations of standard nickel samples
are listed in Table 33. For 10 determinations the error was 8y
which was partially due to the error in delivery of the buret

suployed,
Table 33

Photometric Titration of Seversl Nickel(II) Samples

Nickel Titrant® Nickel
added added found Error
Y mle ¥ Y

B97 R 892 -6
897 0L | + 3
718 322 70 -8
718 3 05 -1
718 10.68 2 0.03° nrle -1
538 2.3 525 -13
538 2.3 530 .
110 6.06 = 0.0k°  uos ¥ 3 -
359 1.61 36 *
359 1,58 356 -
179 .86 192
179 .78 175

k4

%7.6h x 10”2 moler dioxime.
©2,296 x 10™ molar dioxime, tires deterninetions.

92,296 x 10™7 meler dioxime, three determinetions, K.B.S.
aluminumebage alloy, Ne. 85a.



| Inwnawes the tiwtmdﬁmmimd&mgor volume
employsd. One of these samples was a National Bureau of Standards
sample and it was determined vith an average error of = 3 y or
0.7 per cent for & L10~y sample,

While vigw-dioxd

mes are very specific for ihe precipitation of

nickel, they are not at all specific in their umnpl«xing abm’hha.
Nearly all of the transition m‘balafm dioxime complexes s.nd all

of these complexes are highly colored. It was, therefore, expected
that several ions would irrbwfmwith the determination of nickel

Yy the photometric titration method,

Interferences were studled by i.mlwins ‘the foreign ion in
the agueous semple of nlckel and carrying ocut the titration as with
nickel alone.

Interferences were @i’ these kinds: one was caused by precipi-
tation of the material in the mixed solvent used, another due to
reaction with the dioxime to form a dqmpm, in preference to the
nickel, snd & third due to formation of a stronger complex with
nickel(II) than the dioxime. Interference date are given in
Table 3L.

The first type of interfersnce included the very weskly basic
metals that tended to hydrolyse and precipitate as the basic salts.
Most of these were held in solution with tartrate or acetate. |



Table 3k

Interferences in the Photometric Titration of meel(n)
with h-iso-Propyl~1,2-cyelohexanedionedioxine

Amount of each

Hiekel

' | ion added found® Error
Jon added ng e ki Y

&mﬁm{:{) Pamaim(?,g '
mwm(xf Ammonium(l) = 30 300 0.0
Caleium(II}, Strontimm(il),
Barium(II), Magnesium(II), ‘
Eﬁwmm(n) 3o 302 + 2,0
Aluminum({III) azmwx(m
Lanthanan(111), Certum(T1L) % 250 - 10.0
x.eaaﬁxxg, Cadmium(II),
Zine(II), Acetate 30 301 + 1.0
silver(), Gold(I)" 30 0+ L0
Niobium(V)® 30 300 0.0
Chrominm(II) 30 3ok + ho
Iron(II) 3 Interferes
Iron(xr) eyl 3 302 » 2,0
Iron(III). 30 Interferes
Iron(11x)*® 1 301 + 1.0
Copper(LI) 30 Interferes
Copper(11) DM 3 00+ L0
Gobalt(1rr)® 30 300 0.0
Pallaﬂium(m) N | 30 301 + 1.0
Uranate(VI), f}m'm*ka{ﬂ}, ) ‘
Nitrate, Sulfate 30 299 - 1.0
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Tabls 3L (Contimed)

Ion added

Amount of esch
ion added
Mite

Nickel

found®
¥

Ervor
X

Bromide, Iodide,
Acetate, Chloride

Citrate
Cyanide
EDTA®

¥ 8 ¥ ¥

o2
Interferes
Interieres
Interferes

+* 2.0

%300 Y of nickel were added.

Prudocyanate added.
‘Tartaric seid added,

4%2&, dipivoylmethane added,

*Oyanide complex,

4

EEthylenediamine tetrassetic acid,

“PH sdjusted to 8 with ammoniwmbydroxide.

The ione that hydrolysed and could not be complexed successfully are
titanium(II1), thalliws(I), tin(II), biswath(III), snd arsenic(III).

The second type of interference, reaction with the reagent, was

limited to copper(1I), irou(IX),_irnn(XII}, cobalt{Il), and

rutheniun(IIl). The cobalt interference was removed by oxidising and

ing with cyanide snd peroxide and the copper was reduced and

complexed thiocyanate. A simpler method for the removal of iron and

copper interferences was the addition of dipivoylmethans to the
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Teble 35

" Photometric Titration of ﬁmm(m
with L~terteAnyl~l,2-cyelohexaned

Titrent added® Nickel found® Error
ml, . ¥

1,61 0.0 0,0
11,32 29.1 - 0.9
n,m 2.3 + 0.3
1,62 0.1 * 9l
11,59 30.0 0.0
10,98 8.h - 1.6
11.61 30,6 - 0.6
13.kk 29.6 - 0.k

“Wevelength wes 383 millimierons.
%&wim was 0.,0000968 molar.

©30.0 v of nickel were added.
ium, A phwmtmm ti.tmtian of

2. na'hnmina'hiw of palles

pallaﬁim(l‘l) with l~iso-propyl~l,2-cyclohexanedionedioxine employ-
ing the same procedures as with the L-methyl homolog proved o be
unsuccessful due to the slow development of the color.
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D. Disecuasion and Summary
The lerge absorpiion of light by nickel-vic-diexime complexes
affords an excellent op?amw to apply a photometric method to

the determination of the end point of a titration of nickel{II) with
a vic~dioxime.

~ The attempt to titrate in water solution was not successful due
to unfavorsble kinetics involved in the precipitation of the cemplex.
The obvious thing to try then was titration in a media where the
complex was soluble. Most of the previously desoribed dioxine
chelates with nickel are only slightly soluble in most solvents, but
this is not the case for the “uﬁhgﬁ?’] substituted 1,2-cyclohexane~
dionedioximes described in this thesis.

- k-Methyl~l,2-cyclohexanedionedioxime was first investigated as
& titrant for nickel and the photemetric method proved to be appli~
cable for locating the equivalence point. In order to keep the
dioxime chelate in solution snd also keep the inorgenic salis from
precipitating, & mixed solvent was employed., A mixture of 20 per
cent chloreform, 20 per cent water and 60 per cent methanol was
found to be ‘m*&is;‘mﬁm‘. The ahlwofm held the dioxime complex
in solution, the water rendsred the metallic salts soluble, and the

methanol afforded s homogensous solution,

The wavelength chosen for the photometric determinstion of the
end point was not oritical and anywhere in the range of 300 to L0O
willimicrons was applicable., The main factor in determination of
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A 0.00009-molar solution of the l=tert-amyl-l,2-cyclohexans-
dionedioxime was used as tiitrant. Eleven and six-tenths ml. were
required for titration of 30 vy of nickel and in & series of eight
deterninations with an average error of > 0.5 y or less than 2 per

gent.

~ The &mw&a-, heizowpropyle=, and k~tertwamylel,2-oyclohexane~
dionedioximes form complexes with nickel which all have the same
absorption speetrum in chloroform solution and nearly the same
chemical and physical properties exsept for solubllity, Thus, the
three vic~dioximes can be used for the photometric titration of
small smounts of nickel, The interferences invoived with the deter~
mination of nickel by this method are common to all three dioximes.

The only ions of those studied that cannot be present in any
form are the rutheniwm(III), cyanide, ei‘bm%, and sthylemmm
tetrascetate, Copper and iren are troublesome and must be complexed
1n order to svold thelr interference. Thicoysnste will complex
copper in small amounts as will dipivoylmethene, but gram quantities
of copper must be removed from the solution. Extractien as the cup-
ferate in acid solution proved to be satisfactory., Iron offers the
same type of interference with the titration and can be disposed of

in the same manner as coppers.

~ Cobalt interfers as might be expected but can be removed by
forming the cobalticyanide complex which offers no interference,
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 If & large amount of chromium(ITI) is present the solution is
very highly colored and during the titration the observed absorbance
decreases since the golor developed by the complex is not sufficient
to offset the decrease in ebzorbance due to dilution. The end point
is still easily lovated, however, and chromium does not interfere,

~ The problem of the iron interference wes investigated fully and
it was found that amounta up o 50 to 1 excess over the nickel could
be tolerated if a few drops of &ﬁgwﬁgga vwere added to the
titration cell. This beta-diketone complexes iron in preference to
nickel end permits the dioxime to react with the nickel first. The
titration curve in Fig. 9 illustrates thet the nickel is titrated
first and after the nickel end point, the sbsorbance of the solu~-
tion falls due to the destruction of the highly colored dipivoyl-
methans-iron complex and formation of the lesser colored dicxime-
iron complex. |
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solution could make popssible the determination of the magnetis
susceptibility of the complex with some certainty, The exact nature
of the gesplex 1s not Joow

m and it has been suggested that the
nickel has en oxidation state of II, III, or IV, Most agree that it
is probably IIT or IV and since the I&::i state of nickel would possess
one unpaired electron and the IV state would have zero or twe,
differentiation #mlel probably be made on the basis of & magnetic
study, ‘

ks Inall of the applications of dicximes to nickel determina-
- tions, iron is usually an interference and it seems, since nickel

groups for formation of & stable cemplex
and ires requires thres, a steriscally hindersd dioxime might be
prepared that wouwld disscurepe the fommatien of s ovtabadral deme
plex without inﬁrﬁ‘wrmg with & square-plangr configuration,

5. The successful spplication of the photometric titration
method to the determination of nickel with & dioxime

suggests the
spplioation of other chelating reagemts for the titration of many
metals. Possibly iron oould be titrated with 1,10-phemanthroline or
a phencl and copper with & dloxie. Certsinly with the abundance of
chelating reagents avsilsble most every metallic ion could be
titrated photemetrically.

6. Titration of nickel(II) and palladium(II) with & dioxime
in water did not prove sucecessful and after careful consideration,
it seems the kinetic problem might be due to the addition of the
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gum arable, The retardation of the gum on formation of the pre-
cipitate was established in the work on the heterogeneous
‘spectrophotametric method. It is probabls, that in the sbsence
of the gum arsbic, smsll amounts of these metallic lons could be
determined, but larger quantities might tend to sosgulate.
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