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1
INNER-COMPLEX COMPOUNDS OF ALTCVCEIC VIC-DIOXIMES

by

Tr

Roger Conant Voter and C. V. Banks

I. ABSTRACT

The need for a water-soluble vic-dioxime as an analytical reagent
for nickel(II) and palladium(II) ions has long been evident. Thus, a
preparation and investigation of some alicyclic vic-dioximes as possible
water-soluble reagents was undertaken. Secondly:-fn order to obtain a
better understanding of the structure of the inner-complex compounds that
the vic-dioximes form with certsin ions, an infrared spectroscopic study
of the nature of the hydrogen bonds in these inner-complex compounds was
made.

The preparation of 1,2-cyclopentanedione by the method of Riley, More-
ley and Iriend and by a method adapted from that for the preparation of
1,2-cyclohexanedione has been studied and found to yield only small quan=-
titiec of product. Tt is thought that the low yields result from the in-
stability of the intermediate orgaro-selenium compound undoubtedly in-
volved in the selenium dioxide oxidation of cyclopentanone. A satis-
factcry method for the oxima:ion of this dione to 1,2-cyclopentanedi-
onedioxime with hydroxylammonium chloride has been devised. This water-
soluble vic-dioxime showed little or no promise as an analytical reagent
because of the very narrow pH range over which the nickel compound in in-
soluble,

The use of 1,2-cyclohexanedionedioxime as a gravimetric and qualita-
tive analytical reagent for nickel{II) and palladium(II) ions has been
studied and rerorted. Its general gravimetric use is more suited to the
gravimetric deternination of palladium, as no satisfactory method could
ve devised for the determiration of nickel in the presence of appreciable
amounts of iron. This 6 carbon vic-dioxime apparently forms a very stable
complex with iren{II) and slowly reduced iron{III) to iron(II) in spite
of the nresence of strong complexing agents for the iron(III) ion. As
a qualitative reagent for nickel, 1,2-cyclohexanedionedioxime apparently
has no squale.

Sratheses of 1,2-cycloheptanedione by the selenium dioxide oxidation
of cycloheptanone and of 1,2-cycloheptanedionedioxime by oximation of the
dione that both gave high yields of product are described. Methods are
presented for the macro- and micro-gravimetric analyses of nickel, inclu=-
ding nickel in steel, based on the use of this water-soluble vic-dioxime
as the precipitant. This reagent, capable of precipitating nickel(II)
ions from solutions containing large nuantities of iron(III) ions com-

T s . . . .
Thiz report is based on a PhD thesis by Roger C. Voter submitted June, 1951,
This work was —erformed under contract with the atomic Energy Commission.
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plexed with tartrate or citrate, was found to possess almost all the good
characteristics of both 2,3=butanedionedioxime and 1,2-cyclohexanedione-

dioxime without their disadvantages. Platinum interfered with the gravi-
metric determination of palladium with 1,2-cycloheptanedionedioxime.

The Stoll, Hulstkamp and Rouve method for the preparation of cyclodecan=-
l-ol-2-one was successfully carried out. Two methods were employed for the
oxidation of this acyloin to the dione. A procedure for the oximation of
this compound to 1,2=cyclodecanedionedioxime was devised. This reagent, ine
soluble in water, exhibited no value as an analytical reagent for nickel(II)
or palladium(II) ions.,

1,2-Cyclohexanedionedioxime~-dy, 1,2- -cycloheptanedionedioxime-ds and 2,3-
butanedlonedlox1me-d2, as well as thelr nickel(II) derivatives, have been
prepared, The infrared absorption spectra of these compounds, together with
those of the parent vic-dioximes and their nickel(II) and palladium(II)
derivatives, in Nujol mulls (range 2 to 26 microns) and perfluorokerosene
mulls {range 2 to 7 microns) were obtained by means of a Baird recording
infrared spectrophotometer.

The infrared spectra of the vic=dioximes and deuterio derivatives are
considered, with particular emphasis on the positions of the 0-H and 0-D
absorption maxima. The absence of 0-H or O-D absorption maxima in the wave
length regions usually attributed to the fundamental vibration frequencies
of these atomic pairs in the various nickel{II) and palladium(II) inner-
complex compounds is discussed. A comparison is made between the spectra
of 3 pairs of nickel(II) inner-complex compounds which differ only by the
substitution of deuterium for hydro gen.

Arguments are presented for the possibility of an atomic arrangement of
1,2-bis(vic-dioximo=N,N?)nickel(II) compounds in which the oxime hydrogens
are located midway between the 2 oxygen atoms. An O-H-0 structure in these
inner-complex compounds in which the oxygen to oxygen distance is less than
2.5 A, is postulated. A search of the literature revealed that this is the
first report of an 0-H-0 structure in which the oxygen to oxygen dlstance
is less than that observed in normal hydrogen bonding,

II. INNER-COMPLEX COMPQUNDS OF ALICYCLIC VIC=-DIOXIMES

The great value of organic reagents as tools in the schema of an=
alytical chemistry has been firmly established in recent decades (21),
But their worth has not been limited to practical applications alone,

The chemist, in his desire to improve and widen the field of use of these
indispensable chemical implements, has been led to further exhaustive
study and, consequently, a better understanding of metallo=-organic com-
plexes. Both aspects;, the fundamental and the applied, have been ex-
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amined in the researches from which these writings are drawn.

A, Introduction

Of the orgsnic eanalytical resgents in common use, very few are
better known or more widely us:d than 2,3-butanedionedioxime (also com-
monly called dimethylglyoxime or biacetyldioxime). This re:gent, re-
latively selective in its rezctions with nickel(II) and palladium(II)
ions, hes served well &s a qualitative, grevimetric end colorimetric rea-
gent. It has been, indeesd, the bisis for the most importeént analytical
procedures involving these ions.

Diehl has enumerated & list of standards (17, p. 14) which should
be met by orgenic anelyticel resgents in order that they may be consi-
dered entirely sc¢tisf:ctory for gener:l use in analytic:l methods. OUne
of these requirements, nzmely, solubility in water¥*; is not met by 2,3-
butenedionedioxime, which must be mrde up in orgsnic solvents (usually
ethenol or acetone)., Other common but lesser known vic-dioximes suffer
from this seme disadvantige (96). Whenever un organic reagent must be
dissolved in &n orgunic solvent and added to an aqueous solution, there
exists the serious danger of conteauinating the nickel precipitate with
excess reagent. Leleterious solvent action by the zcetone or alcohol
added is t¢lso possible. Thus, the nesd for weter-soluble vic-dioximes
which would be devoid of these procedural pitfzils is apparent,

Feigl(2l) has emphaticully stressed the importince to applied an-
alytical chemistry of & clear understinding of the constitution of the
metzllo-organic complexes and inner-complex compounds thst are employed
as the buases of analytical procedures, The whole process of developing
new organic enalytical reagents and of extending the scope of applica-
bility of existing reszgents certainly depends upon exhaustive studies that
will lead to a more complete knowledge of the structures of these molecules.

The generally accepteu structure of the compound formed by the rea-
ction between nickel(II) ions and 2,3-butznedionedioxime accompanied by
the liberaztion of two hydrogen ions was first proposed by Pfeiffer (60,61).

*An organic reagent, to be cl:ssified as water-soluble, should be suf-
ficiently soluble in weter at room temper:ture to allow its being used
conveniently in an aqueous solution in common anslytical procedures,

If the saturated agueous solution of & recgent is so dilute thet & very
large volume of solution must be added in order to h:ve present the re-
quired amount of rezgent, the e¢nalyticel procedure, if appliceble &t all,
&t least suffers ¢ great reduction in speed, manipulative ezse and ef-
ficiency.



8= ISC-230

This cowpound, commonly drewn as (17, p. 13)

H\O_nl' “_) O/
C—=2C
/N

HyC CHy

H f/ H
Al
0-N -0
I
VAR
H3C CH3

possesses great stability. 'lhe 2 chelate rings involving the nickel,

2 nitrogen znd £ cerbon atoms undoubtedly sccount for the l:rgest share
of this stability. However, the guestion &rises ¢s to the s2mount of con-
tribution mezde by the 2 rings which include the hydrogen ztoms. This
possible contribution would depend, perhsps, on the degree of hydrogen
bonding occurring between the hydroxyl hydrogens and the neighboring oxy-
gen atoms. DUirect physical evidence for this phenomenon of hydrogen
bonding and the relative strength of the bond has not been found in the
literature.

The nomenclature employed for organic compounds containing the func-



tional group

has lacked uniformity and, in some ci:ses, clarity. For the suke of stan-
deraization, the systematic nomenclature method prescribed by the "Defini-
tive keport of the Commission of the Reform of the Nomencleature of Urgan-
ic Chemistry" as adopted by the commission and Council of the International
Union of Chemistry in 1930 (56) is followed &s closely as possible., 1In
this connection, the dioximes are named by adding the suffix -dioxime to
the name of the corresponding ketone. as an example, the compound

CH. /H
Hzc C=N

H.C C=N
ey~ o
NH

is called 1,z-cyclohexanedionedioxime (I.U.C. Rule 35), This newe is
written ©s one wora in complisznce with the I.U.C. Committee rule al-
though some smerican chemical journzls have not zdogted this form (86,
90,91) or, at least, tre not consistent in this przctice (89). Eupho-
nious names, such &s heptoxime for 1,2-cycloheptanedionedioxime, have
bean suggested (89) for a few of the vic-dioximes for the purpose of
brevity and convenience in oral and spece-limited written comnunicetions,

The genercl name used by the zuthor for a family of organic compounds
conteining tnis perticuler dioxiiue grouping is vic-dioximes (12). This
prefix vic, an abbreviction of vicinal, serves to emphesize the presence
of this structurel festure rither than iuply the gross structural con-
figur:tion of the wolecule, Commonly encountered ¢s gensric nzmes for
these comgpounds ere 1,2-dioxiies, ortho-dioximes and o€ -dioximes (17,

p. 1;27,p.6).

The metnod for naming the compounds containing oxime groups in which
deuterium is substituted for the hydroxyl hydrogen of this group is t:ken
frow the "Report of Committes on Nomencl:ture, Spelling ¢nd Pronunciztion®
on the nomenclature of the hydrogen isotopes #nd their compounds (13).

The comunittes, under the chairmanship of &, J, Crane, suggested a system
b. s2d on the one proposed by Willis 4. Boughton whersby an italic d is
placed rfter the name of the functional group in the systemstic coumpound
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name to designate the presence of deuterium in place of hydrogen. The
number of deuteriums present is indic:ted by a subscript number placea
after the d. For example, the compound

H /P
/N e
=N

HyC

\ N
CH, D
is named 1,2-cyclohexsnedionedioxime-d, by this method,

The term inuer-complex compound is us.d for coordination (also called
complex) compounds thet are chelate non-electrolytes, Very little atten-
tion has been paid in the past to the naming of these compounds, with the
result that a systematic method of nomenclature has not been widely ad-
opted. However, Fernelius, Larsen, bMarchi and Hollinson have proposed
additions and extensions to the incomplete rules of the I.U.C. Committee
to cover this field (30). Ltor example, by this method the name for the
inner-complex comgound formed by the re:ction of nickel(II) ions and 1,2-
cyclohexanedionedioxime is 1,2-bis(1l,2-cyclohexanedionedioximo-N,N')nic—
kel(II). The first two numbers designete a planar structure, while "bis"
indicates the presence of the two identicel organic groups. The "o" re-
places the "e" &t the end of the systematic name of the dioxime to indi-
cate that a hydrogen ion has been removeu and the organic group is, in
effect; an anion. The letters N and N' designate the point of attach-
ment as being between the nitrogens of the bidentzte groups and the metal
ion., These letters are placed after the name of the coordinating group
to prevent confusion with their use in organic nomenclature. The Roman
numeral, of course, indicates the valence stete of the cation,

B. Purpose of the Investigation

The need of a water-soluble vic-dioxime for analyticel purposes is
evident, as is the need for a better understending of the structure of
the inner-complex compounds that these reagents form with certain ions,
For these reasons the purpose of this investigation was twofold. First,
a prep:sration and investigution of some alicyclic vic-dioximes as poss-—
ible water-soluble reagents was undertzken. Secondly, the possibility of
obtaining physical evidence, by means of infrared spectroscopy, of the
nature of the hydrogen bond in these inner-complex compounds w&s investi-
gated,
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III, PART ON&: THs PREPARATION OF SaVERAL ALICYLIC VIC-LIOXIMES AND
THEIR APPLICATIONS TO ANALYTICAL CHEMISTRY

The review of the litersture dealing with the nature of the hydro-
gen bond in the inner-complex compounds will be given in a later section.

s, Heview of the Literature

The search for a water-soluble vic~dioxime in the past hss not been
limited to the preparation of new cowgpounds. Jeveral researchers have
tried to find methods of solubilizing some of the more analytically
véluable witer-insoluble vic-dioximes., T1hese efforts have been the great-
est in thi case of <,3-butanedionedioxime.

Kasey (43) recommended the use of & 2 per cent solution, prepared by
slowly adding a solution containing sodium hydroxide to hot water contain-
ing solid Z2,3j-butanedionedioxime. Semon and Damerell (73) prepared sodium
2,3-butenedionedioximate &-hydrate by dissolving the solid dioxime in ag-
ueous sodium hydroxide solution =nd then sadding ethznol to precipitste the
8~hydrete, This preparation, of course, did not eliminate the use of &n
orgenic solvent. Hillebrend and Lundell (38) and zlso Lundell, Hoffman,
and Bright (49) suggested the use of ammonium hydroxide for meking & so-
lution of Z2,3-butanedionedioxime when ethanol is not readily evailable,
Such solutions were not steble for long periods of time (17, p. 20).
Raithel (64) recommended prepering the 2,3-butinedionedioxime reagent by
thoroughly mixing ecual weights of sodium peroxide and solid dioxime and
dissolving this wmixture in distilled w&ater followed by dilution., Diehl,
Henn, snd Goodwine (19) pointed out the explosive hazard of preparing the
reagent solution as Kaithel recommended, and also showed that decomposi-
tion of such a solution was even more rapia than that of a solution of
2,3-butanedioneaioxime in 1 per cent sodium hydroxide,

The need for wuater-soluble 1l,<-dioximes is «pperent, since none of
the proposed schemes to solubilize 2,3-butanedionedioxime have elimi-
nated the use of an organic sclvent while resulting &t the stme time in
a stable agueous solution of Z,3-butanedioxime,

Three vic-dioximes hid been reported in the literzture as being
water-sclupble, Kuras (A?,AS) proposed 1l,2-dicminoethinedionedioxime
(commonly called giaminoglyoxime or niccolox) @s a water-soluble mi-
cro- wnd wacro-gravimetric reagent for the determination of nickel,
This reagent, slthough soluble in hot water, is not appreciably soluble
in cold water and, thus, cin not be classed as &a water-soluble reagent.

Soule (74) described 1,2-bis(2-furyl)ethanedionedioxime, which wes
originally reported by Tschugzeff (84) in 1905, as & water-soluble com-
pound suitable for the detection and determination of nickel., It has also
been successfully used for the gravimetric determination of palladium by
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Reed and Banks (67). Again, this vic-dioxime is soluble in hot water but
at room temperature its solubility in water was found to be 0.79 gram
(0.0033 mole) per liter (67) which is very nearly the same as the molar
solubility of 2,3-butanedionedioxime (0.L0D gram or 0.,003L mole per liter),

In 1923 Wallach (93) first reported 1,2-cyclohexanedionedioxime as
a precipitant for nickel(II) ions. This water-soluble vic-dioxime later
proved to be a very sensitive qualitative reagent for thése ions. Its
solubility in water was found to be 8.2 gram (0,058 mole) per liter at
room temperature (42,90) or 17 times greater than the corresponding molar
solubility of 2,3-butanedionedioxime and 1,2-bis(2=-furyl)ethanedionedioxime.

Thus, 1,2-cyclohexanedionedioxime appeared to be the only truly water-
soluble vic-dioxime possessing promise as an analytical reagent that had
been reported in the literature. For this reason a study of this compound
and some of its homologs was undertaken.

Riley, Morley and Friend (69) and Dieckmann (16) reported the pre-
paration of 1,2-cyclopentanedionedioxime as a derivative of 1,2-cyclo=
pentanedione. The dione was prepared in very small yields by Riley,
et al., by the oxidation of cyclopentanone with selenium dioxide in
alcohol solution.

CH CH
2 2
/N
HoC c=0 Hy C=0
l ‘ + Se0p— l +.Se + HoQ

Dieckmann prepared 1,2-cyclopentanedione by boiling finely divided
ethyl ester of 1,2~diketocyclopentane-3,5-dicarboxylic acid with dilute
sulfuric acid. The reaction proceeded with the loss of carbon dioxide
as followsse

CO0CoHg COOH
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The ester wes prepered by Dieckmann (15) by the condens:tion of the
diethyl glutcrite with diethyl oxeleite in the presence of sodium ethylate.,

COOC2H5 COOC2H5
H H
e CH5000 /C No=g
f,U + | —— HC L + 2 CoHsOH
N GH5006 \ =0
CH,, S
| CH
CO0CH5 COOCZH5

The glutaric ester was expensive to buy commerciclly,

The methods employed for the preparation of 1,<2-cyclohexanedionedi-
oxime were well reviewed and described in 1944 by Banks (2). In brief,
this compound has been prepared, by oximating l,Z2-cyclohexanedione with
hydroxylamuonium chloride in acueous potassium hydroxide solution, by
Wallach (93), Wallach and weissenborn (94), Bsnks (2), Rauh, Smith. Banks
and Uiehl (66) and by Hach, Banks and Diehl (37). 1,2-Cyclohexanedione
has been prepcread by brominating cyclohexanone and trezting the resulting
1,3-dibromocyclohexanone-2 with aqueous potessium hydroxide solution to
obtein the dihydroxy compound which upon losing weter yielded the dione
(94)., VUrion's method consisted of hesting divinylglycol with copper (85).
Riley, Morley and Friend (69), Vene (87) and Rauh, et &l., (66) employed
selenium dioxide to oxidize cyclohexeznore in &n alcohol solution to 1,2-
cyclohexanedione, Hach, Benks end Diehl (37) employed this axidizing
agent but used excess cyclohexanone :¢s the recction wedium,

1,2-Guclohexanedionedioxime h:¢s =lso been preparsd by Treibs end Di-
nelli (&z), Jeeger :nd van Dijk (40), Jeaeger &nd bijkerk (39) and Geiss-
man and ochletter (31) by oximeting <-isonitrosocyclohex: none-1 with hy-
droxylommonium chloride. lauh, et £l., oxim:ted sodium=~2-isonitrosocy-
clohexinone-l with hydroxylewmonium chiloride in methanol solution, To-
kKure and Ude (80) preperza 1,2-cyclohex: nedionedioxime in smell yields
by treating Z-chlorocyclohex:none with hydroxyluwionium chloride.

The procedure of Hach, Banks and viehl as modified by srnold and
Gordon* appears to be superior from the stsendpoint of simplicity, yields
and wvailapility of starting meterials,

* R, T. arnold and rhilip N. Gordon in checking this method of Hach, Banks
and Uiehl prior to publication in Urg. Syntheses suggested severzl minor
chunges in the procedure for the preperation of 1,2-cyclohexsnedione that
effected & muteslal increase in the yield. ‘
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A yield of 63 per cent is obtained for the oxidestion step

2 2
H \\C" H d// \\ =0
ZC =0 2
| I + Se0y——> | l +5€ + H20
HZC /CHZ H2C / C=
CH2 CH2

while ¢ yield of 55 per cent was found for the oximetion of the dione to
the dioxime. '

H
2 | + 2 KOH + 2 NH3OHCl—— l

HoG C=0 HZC\ C\\N -
\CH2/ CH2/

Godchot end Cauquil (33) synthesized 1,2 cycloheptanedionedioxime as
a derivative of 1l,<Z-cycloheptanedione, which they haa prepsred by the ox-
idstion of cycloheptenone with selenium dioxiae in &n alcohol medium,
mxperimental details were not given for either the Riley-type oxidation
or the oximation. Uycloheptanone, which was comuercizlly :vaileble only
at & prohibitive price, has been prepired by Ruzicka, et al., (72) by
dry distillation of the calcium or thorium salt of octanedioic acid.

.+ 4 H,0 +
2 KC1

/HZC-Cﬂz\ /Hzc—CH2
HpC coo. A . b

L [ Sca—2& 7| C=0 + CaCO3
H coo” H.C
: / \

\H20—0H2 HyC—CH,]

Octanedioic acid wss also prohibitively expensive,

Kohler, Tishler, Potter and Thompson (46), adapting the method of
Meerwein (52), converted cyclohexanone to cycloheptanone by the action
of diazomethane. ‘

/HZC——CHZ -, /HZC_CH2\
HoC \C=O + HyCN, ——>H2 é C=0 + N,
N N4

HyC—CHy H,C—CH
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No report of the preparation of 1,2-cyclodecanedionedioxime was found
in the literature. However, ltrelog, et al. (62), and Stoll, Hulstkamp and
kouvé (75,76) prepared 1,2-cyclodecanedione in connection with the synthe=-
sis of cyclodecan-l1-0l-2-one. <This latter cowmpound was prepared by the
intramolecular condensation of the diethyl ester of decanedioic acid with
sodium in an inert solvent and nitrogen atmosphere,

CUUCH C~0-Na
(CHo)g + 4 Na——3% (CHy)g + 2 NaOC,Hs
GOOCZHs =0=Na
H
-l—-——(!]—-OH G—OH
(CHy)g +—(CHp)g o
c=0 C—OH

A very dilute reaction solution was employed in order to minimize inter-
molecular condensation.

Prior to the publication of some of the researches which will be
herein reporteud, the publishea reports of the applications of the ali-
cyclic vic-dioximes to analyticel chemistry were limited to the use of
1,2-cyclohexanedionedioxime as a semiquantitative, qualitative and colori-
metric reagent. [eigl (24) in 1931 suggested this compound as ¢ water=
soluble qualitative resgent for nickel(II) ions. Wenger and Duckert (97)
reported that it was a much more sensitive reagent for these ions than
2,3=butanedionedioxime, At that time, however, the difficulty of synthe-
sizing the vic-dioxime apparently precluded a detailed study ol its pro-
perties and uses as an anslyticsl reagent, Preparstive methods developed
in 1945 (66) made possible more complete investigations.

Johnson and Simmons (42) suggested 1,2-cyclohexanedionedioxime for
the colorimetric determination of nickel, They found, as did fFeigl (22)
and Rollet {70) in the cass of 2;3-butanedionedioxime, that 1,2-cyclohex-
anedionedioxime would react with nickel(II) ions in the presence of bro-
mine water to form an intensely colored soluble complex. They developed,
however, a coloriwetric .nethod for the determination of nickel in cobalt
salts and steels oased on the red color formed by the reaction of nickel
(II) ions with this reagent. They despaired, though, of using this rea=-
gent for the gravimetric determination of nickel because of the slight
coprecipitation of the nickel precipitate with excess reagent. Wenger,
lionnier and fusconi (98, used 1,2=cyclohexanedionedioxime to determine
nickel(1I) ions by a semiquantitative method based on the limit of det-
ection of the reaction. Griffing and Mellon (36) utilized this reagent for
the colorimetric determination of iron,



=16- I5C-230

Since the publication of part of the author's research ssveral papers
have appeared in the literature dealing with analytical applications of the
alicyclic vic-dioximes, Feltier, Duval and Duval (58) recommended 1,2-
cyclohexanedionedioxiie as an analytical reagent for nickel in preference
to 2,3~butanedionedioxime because of its solubility in water and ability
to react with this ion at a lower pH, Feshkova, Verdernikova and Gontaeva
(59) reported the gravimetric determination of nickel with 1,2~-cyclohex-
anedionedioximne and suggested methods of eliminating comaon interferences.
Feinstein (26) published a method for the gravimetric determination of
nickel in the presence of iron with this reagent. However, his procedure
called for a reprecipitation of the nickel compound in order that accurate
results be obtained. Feinstein also reported the results of a series of
microscopical tests for nickel using this reagent. Mathews and Diehl (51)
studied the reaction of iron(II) with 1,2-cyclohexanedionedioxime and found
that in the presence of amuonia or an amine this reaction provides a very
sensitive test for iron. Ferguson and Banks (28) have developed a method
for the spectrophotometric determination of trace amounts of nickel in cal-
cium metal witn 1,2-cyclohexanedionedioxiime. Their direct, accurate pro-
cedure employed gum arabic for the purpose of stabilizing the nickel(II)
inner-complex compound .

Ferguson and Banks (27,29) were the first to study the reaction of
1,2-cycloheptanedionedioxiume in the presence of oxidizing agents in strong-
ly basic solutions. They reported that the reddish-brown complexes, which
are similar to those produced under the same conditions by 2,3-butanedione=-
dioxime and 1,2-cyclohexanedionedioxiue, provided a more sensitivs method
for the spectrophotometric determination of nickel, Butts, Gahler and kel-
lon (9) have described a procedure for determining nickel colorimetrically
with 1,2-cycloheptanedionedioxime based on the above work of Ferguson and
Banks. The determination, which involved a preliminary extraction with
chloroform as a sepsration metnod, was carried out, however, in an acidic
solution in the presence of an oxidant. The authors claimed that these
oxidized complexes are more stable than the corresponding oxidized nickel
complexes formec with 2,3-butanedionedioxime.

B, Materials and Apparatus

In general, only chemicals of reagent-grade, rastman white label grade
or comparable purity were employed. The chemicals and solutions that were
specially prepared or purified for this work will be described.

Cyclopentanone, This cyclic ketone was prepared according to the
procedure given in Org. Syntheses (79) and modified by Wagner (92). This
method involved the dry distillation of adipic acid in the presence of
small amounts of barium hydroxide.
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HOOC (CHp) ,CO0H  Ba(OH) 2 C 0 + Cop *+ HO
H,C CH,

The cyclopentanone in the distillate was separated from the water and small
amount of adipic acid that accompanied it by salting out with potassium car-
hanate, Fure cyclopentenone was obtained by distillation, b.p. 12t -131°, in
a yield of 66 per cent., :

Selenium dioxide. The method of Hiley and Gray (68) was employed for
the preparction of selenium dioxide., This procedure involved the oxida-
tion of selenium with nitric acid, The dioxide was cezrefully heated to re-
move the last traces of water and nitric scid., In one case, the dioxide
was sublimed in order to obtain maximum purity.

standard nickel(II) chloride solutions., These solutions were pre-
pared from kond nickel obtained from the International Nickel Company,
New York. An analysis supplied by kr, J. G. Dean of that company showed
that this nickel contained 0.045 per cent iron and 0.008 per cent each of
cobalt and copper. Wweighed amounts of the nickel were dissolved in agua
regia and the solution evaporated to dryness 5 times with concentrated
hydrochloric acid *~ eliminate nitrate ions. By weighing the diluted ni-
ckel (1I) chloride solution the weight of nickel per weight of solution
(approximately 0,002 gram nickel per grem of solution was found. Thris
nickel concentration was also checked by electrolytic determination of the
nickel, the samples being measured by use of a weight buret, The stan~-
dard nickel(II) chloride solution (0.474 mg. nickel per gram of solution)
used for the work on the micro-determination of nickel with 1,2-cyclohep~
tanedionedioxime was prepared by diluting some of the more concentrated
standard nickel(II) chloride solution. The nickel content of this solu-
tion was obtained by determining the nickel in weighed amounts of the so-
lution with 1,2-cycloheptanedionedioxime.

St.andard palladium(Il) chloride solution. Comiercial palladium(II)
chloride was purified by first precipitating out any platinum present as
amnonium chloroplatinate (81) and then prescipitating the palladium as 1,
2-bis(2,3-butanedionedioximo-N,N')palladium(II). This inner-complex com=
pound was destroyed with agua regia and the solution evaporated to near
dryness 5 times with concentrated hydrochloric acid to eliminate nitrate
ions. The palladium content of the diluted acidic palladium(II, chloride
solution (0,001993 gram of palladium per gram of solution) was determined
by precipitating the palladium in weighed amounts of solution with 2,3~
but.enedionedioxime. 7The solutions were allowed to stand overnight to in-
sure complete prescipitation of the palladium compound., Spectrographic
analysis indicated that this solution was sufficiently pure for its in-
tended purpose,
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1,2-Cycloheptanedionedioxime solution. A 0.L7 per cent aqueous so=-
lution was prepared from the dioxime synthesized in this laboratory.

1,2=Cyclohexanedionedioxime solution. A 0.8 per cent aqueous solu-
tion was made up from reagent obtained from the Hach Chemical Company,
Ames, Jowa.

2,3=-Butanedionedioxime solution. Mallinckrodt analytical-reagent 2,3-
butanedionedioxime was used to make a 1 per cent solution in ordinary 95
per cent ethanol,

The following solutions for the work on the microdetermination of
nickel were made up by dissolving the reagent-grade chemicals in waters
citric acid solution, O.L5 gram per ml. of solution; sodium sulfite solution,
1l gram per 10 ml, of solution; ammonium thiocyanate solution, 1 gram per
2 ml. of solution; ammonium acetate, 1 gram per 5 ml. of solution.

Most of the apparatus used in this work was from commercially available
stock., Only uncommon or specially prepared items will be mentioned.

Beckman pH meters, the line-operated model H-2 meter and battery-
operated model M meter, were used for determining the pH of solutions in
the macro-scale operations.

Glass apparatus equipped with interchangeable ground=glass joints
(trademarked "Inter=Joint" and obtained from the Scientific Glass Ap-
paratus Company, Bloomfield, New Jersey) was employed almost exclusively,

Precipitation of 1,2=bis(1l,2-cycloheptanedionedioximo=N,N*)nickel(II)
on the micro~-scale was carried out in the Emich and Schwarz-Bergkampf type
of micro-filter beaker (available from the Arthur H, Thomas Company, Phila-
delphia, Pennsylvania), which contains a fritted=-glass disc fused into a
side arm with a constricted end. The maximum manipulatable capacity of
these beakers is approximately L ml. The nickel precipitate is only slightly
hygroscopic, and a glass bead placed in the small mouth of the beaker after
drying effectively eliminated any appreciable gain in moisture content during
the weighing. Identical tares for the beakers were used throughout the work,

A steam bath for the digestion of the precipitates was prepared by
suspending a wire-mesh tray in the upper half of an 800-ml. beaker. The
micro-filter beakers were placed on microscope slides resting on the tray.
The digestion temperature was obtained by boiling water in the large beaker.

A 30-ml. weighing bottle having the ground zone on the outside of the
body was fitted with a 25-mm. glass-enclosed stirring bar for use with a
magnetic stirring apparatus,

A 10-ml, Grethen type weighing bottle (available from the Arthur H.
Thomas Company) was used to weigh portions of the solution into the micro-
filter beakers before precipitation with 1,2-cycloheptanedionedioxime. This
weighing bottle consisted of a body which contained the solution and a
pipette from which the solution was dispensed.
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An apparatus for filtering dehydrated silica from a solution on the
micro-scale consisted of a small glass funnel (19 mm, in diameter at the
top) shaped like a Blichner fumnel and similarly fitted with a perforated
porcelain disc. This funnel and a bent glass tube for applying reduced
pressure were placed in the holes of a large two<holed rubber stopper which
in turn was fitted to a shallow, large-mounted glass bottle. The bottle
was large enocugh to accommodate the 30-ml, weighing bottle,

An apparatus for filtering the 1,2-bis(1l,2-cycloheptanedionedioximo=N,N')=
nickel(II) consisted of a 50-ml, filter flask fitted with a one<holed rubber
stopper. A short section of smali-bore glass tube with 2 inches of small=
sized rubber pressure tube placed on top was inserted in the stopper. 1In
filtration the tip of the side arm of the micro-filter beaker was inserted
in the rubber tube,

C. FExperimental Methods and Results

The preparation and investigation of the analytical properties of L
alicyclic vic-dioximes will be considered individually in this section.
The study of the structures cof their nickel and palladium derivatives will
be discussed under a separate heading (Section IV),

1, 1,2-Cyclopentanedionedioxime

The members of thisalicyciic vic=dloxime series will be taken up in order
of their increasing carbon content. Thus, the cyclopentane derivative,
although one of the least important from an analytical standpoint, appears first,

(a) Preparation. The method of Riley, Morley and Friend (69) for the
preparation of 1,2-cycloventanedione was tried. Four times the amounts of
materials used by these researchers were employed, as followss

A solution of 168 grams (2,0 moles) of cyclopentanone in 800 ml, of
ethanol was placed in a flask fitted with a reflux condenser. A solution
of 208 grams (1.9 moles) of selenium dioxide in 1200 ml., of ethanol was
added dropwise to the refluxing mixture over a period of 2 hours. After an
additional 2 hours of refluxing, the more volatile liquids were distilled
off and the remaining liquid decanted from the metal lic selenium. The resi-
dual liquid was saturated with sodium chloride and then extracted with ether,
the ether extract being dried with calcium chloride, Another run using these
steps was made and the ether extracts from both were combined before the
ether was removed by distiliation. The 90 grams of liguid that remained was
distilled under reduced pressure, with a large first fraction containing
cyclopentanone and some water being collected. The second fractlon yielded
30 grams of a yellow oil which darkened, boiling over the range 85 to 105O
at 20-21 mm, Upon redistillation from a flask partially filled with glass
wool to prevent violent bumping, 7 grams of a light yellow oil of b.p. 79=
83° at L mm. was collected, This product would not solidify on cooling, had
an odor of garlic, and turned reddish-brown on standing overnight, The order
of magnitude of the yield, representing only a few per cent, is in rough
agreement with that obtained by Riley, Morley and Friend. They indicated that
their product was alsc of doubtful purity. Dieckmann (16) has described 1,2~
cyclopentanedione as a crystalline mass, mep. 55-60°,
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In the hope of finding a more lucrative but still comparatively simple
method for the preparation of the dione, a technique was tried whereby cyclo-
pentanone itself was used as the reaction solvent. Hach, Banks and Diehl
(37) had successfully used a similar procedure for the selenium dioxide oxi=-
dation of c¢yclohexanone to 1,2=cyclohexanedione, A typical run is describeds

In a 2=1liter flask, equipped with an efficient stirrer and thermometer
and submersed in a water bath, was placed 500 grams (5.95 moles) of cyclo-
pentanone. Two hundred sixty-five grams of finely ground selenium dioxide
(2.4 moles) was added in L portions at 2 hour intervals. A red color,
indicative of the presence of elemental selenium, was noted 1 hour after
the addition of the first portion of the oxidant. The temperature of the
system remained constant at about 14°. After 48 hours the stirrer was
stopped and the system allowed to stand for 3 days before filtration for
the removal of the deposited selenium, One hundred thirty-five grams of
selenium of the original 189 grams (added as selenium dioxide) was recovered,
Over an additional period of 17 days more selenium was deposited from solution,
occasional filtration yielding amounts not exceeding 1 gram at a time. At
the end of this time the mixture was distilled under reduced pressure. A
second fraction consisting of 27 grams of a yellow oil was collected over a
range of 50° to 75° at L mm. This oil yielded upon redistillation a first
fraction of cyclopentanone and water and a second fraction of 5,5 grams of
a yellow oil at Ui mm. which solidified upon cooling, m.pe. L6<L7°, The ther-
mometer apparently did not reach equilibrium during redistillation of the
second fraction; as all the material was collected before the temperature
reached 75°, Again the yield of 1,2-cyclopentanedione represented only a
a few per cent but the product compared more favorably in purity with that
reported by Dieckmann,

It is to be noted that a large amount of the selenium (about 50 grams)
was not deposited before the distillation was carried out. Of the 135 grams
recovered from the first filtration, about 75 grams was present as the
dioxide, This was recovered by boiling the water used to wash the selenium
and organic matter, Apparently some selenium dioxide remained unreacted.,

Attempts to obtain a more complete reaction of the selenium dioxide were
made by allowing a higher reaction temperature. However, whensver a water
bath was not employed the reaction became violent and the reaction mixture
was rapidly spewed from the flask, 1In one case, 30 hours after addition of
the selenium dioxide the water bath was removed to allow the temperature to
rise, One hour later the temperature was noted at 80°., Before the water
bath could be replaced, the reaction became violent and a considerable por=-
tion of the reaction mixture was lost,

The 1,2-cyclopentanedione was oximated to 1,2-cyclopentanedionedioxime
by the following typical procedure: Two and one=half grams (0,026 mole) of
dione was added to 50 ml., of a solution containing 3.6 grams (0.06kL mole) of
potassium hydroxide and L.5 grams (0,065 mole) of hydroxylammonium chloride.
After the reaction mixture had been maintained at 60° for 2 hours (formation
of product was observed soon after addition of the dione), the reaction so-
“lution was brought to boiling. Enough water was added to bring the dioxime
into solution. A small amount of norite was added and the solution filtered.
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The product filtered from the cooled filtrate was again crystallized from
water, with norite belng used as beforeo A yield of 0,8 gram of 1,2-cyclo=
pentanedionedioxime, m.p. 230-234° (with decomposition), was obtalnedo This
product was analyzed for nitrogen by the Dumas method (micro=-scale); N cal-
culated, 21.9 per cent; N found, 21.9 21.9 per cent,

The observed melting point of this compound was quite indifinite as
melting and carbonization occurred simultaneously. Dieckmann (16) reported
theomelting point of the dioxime éprep&red as an 1dent1fy1np derivative) as
210 . Riley, Morley and Friend (69) reported 208°, Perhaps there was a
difference in the purity of the respective samples.

(b) A study of some of its properties. 1,2=Cyclopentanedionedioxime
was found to react with nickel(11) and palladium(II) ions to yield red and
yellow precipitates, respectively. The former precipitate was very sensi-
tive to the action of acids and bases and did not form in solution containing
the dioxime and nickel(II) ions at pH values below about 6.0 and above ap-
proximately 8.6. However, even though a LO per cent excess of 1,2-cyclo=
pentanedionedioxime was present, quantitative precipitation of nickel(II)
ions in solution was not observed in this range. The solublllty of 1,2=bis=
(1 2mcyclopentanedlonedlox1mo=N=N")nlckel(II) in water at 22° (observed pH
was 7.2) was determined to be 0,002 gram nickel per 100 ml,

The red precipitate was analyzed and found to contain 18.8L per cent
nickel, This procedure was carried out by decomposing a weighed quantity
of precipitate with nitric acid and determining the weight of the nickel
released, by precipitation with 2,3-butanedionedioxime. The theoretical
nickel content of the compound formed by the combination of two 1;2=cyclo=
pentanedionedioxime molecules for each nickel atom was calculated as 18,75
per cent.

The solubility of the dioxime in water, 1,3 grams or 0,01 mole per
liter at 2L°, was determined by placing a weighed quantity of the dioxime
in a weighed beaker. Hot water was added and the system allowed to stand
with occasional stirring for 22 hours. The dioxime that did not dissolve
was filtered off, dried and weighed. This procedure served to measure the
weight of 1,2-cyclopentanedionedioxime dissolved and the weight of water as
solvent.,

2o 1,2-Cyclohexanedionedioxime.

The short name, nioxime, was first proposed for this reagent by Rauh,
Smith, Banks and Diehl (66) and has become frequently used in the literature
(26,42,90)s The methods for its preparation have been discussed elsewhere.

(a) Uee as a gravimetric and qualitative reagent for nickel, The report
of a study of 1l,2-cyclohexanedionedioxime as a reagent for nickel has been
published by Voter, Banks and Diehl (90). In order to avoid unhecessary rep-
etition, this material is given here in summary form only.

1y2= Cyclonexanedlonedlox1me, a white crystalline material of m.p., 189=
190° o, is soluble in water to the extent of 8 2 grams per liter at 21,59,
thus allowing the use of agueous solutions in analytical methods. As a
qualitative reagent, it was found to produce almost immediately a red-to-
pink coloration with nickel(II) ions in concentrations down to 1 part in
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10,000,000, Precipitation of nickel(II) ions with 1,2-cyclohexanedionedio-
sime to yield a scarlet red precipitate was found to be quartitative at pH
values of 3 and greater. Quantitative filtration of 1,2=-bis(1l,2-cyclohexane-
dionedioximo=N=N?)nickel(II), precipitated slowly and in solutions of pH
values below 7, was not difficult or tedious providing nickel sample sizes
were restricted to 25 mg, or less. Slow precipitation was accomplished by
gradually raising the pH by addition of ammonium acetate solution from a
point of incipient precipitation. Excess reagent apparently coprecipitated
to a small extent with the nickel precipitate causing a slight positive
error, The magnitude of this deviation closely approximated a linear function
of the excess 1,2=cyclohexanedionedioxime present. An empirical equation

was developed from which the correct results for nickel can be calculated.

In general, this equation was not used for amounts of nickel less than 15 mg.

The nickel compound was precipitated without interference in solutions
containing tartrate, acetate, sulfosalicylate, nitrate, chloride, sulfate
and perchlorate ions and the following metallic ions: uranium(VI), manganese-
(II), sodium, postassium, lithium, barium, calcium, strontium, magnesium,
cadmium, arsenic(III), beryllium, zinc, aluminum and antimony(III). The
latter 2 cations were complexed with tartrate. A complexing agent which
would allow the satisfactory quantitative separation of nickel from iron
was not found.

(b) Use as a gravimetric reagent for palladium. A paper reporting the
results of an investigation of 1,2-cyclohexanedionedioxime as a quantitative
gravimetric reagent for palladium(II) ions has been published by Voter; Banks
and Diehl (91). A brief review of this material is given here,

Water-=soluble 1,2-cyclohexanedionedioxime reacts with palladium(II) ions
to yield a yellow insoluble inner=complex compound which can be used for the
quantitative determination of these ions. While this reagent appeared to
be more sensitive than 2,3-butanedionedioxime as a qualitative reagent for
palladium(II) ions, the weak color of the precipitate indicated that both
of these vic=dioximes are unsatisfactory for this purpose at low concentra-
tions unless the utmost care is exercised. Solutions containing 1 part in
2,000,000 of palladium(II) ions exhibited a slightly yellow coloration 5
minutes after the addition of 1,2-cyclohexanedionedioxime solution.

1,2-Bis(1,2=-cyclohexanedionedioximo-N-N?)palladium(II) was precipitated
from dllute mineral acid solutions; quantifative precipitation was found to
occur at pH values above 0.,7. Determinations were successfully carried out
on palladium samples over the range of 6 to 30 mg. However, filtration was
difficult and tedious in the case of the larger samples. As much as 150
per cent excess reagent was added without affecting the accuracy of results
obtained, Chloride, sulfate;, nitrate, acetate, tartrate and sulfosalicylate
ions and the following cations did not interfere with the determination of
palladiumg platinum, uranium(VI), ruthenium(III), beryllium, sodium, potas-
siumy; lithium, barium, strontium, calcium, aluminum, lanthanum, zinc and
cadmium. The precipitate was filtered from a hot solution after a brief
digestion period without apparent loss by solubility.
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3, 1l,2=Cycloheptanedionedioxime

The technicues involved in the macro- and micro-gravimetric determi=-
naetion of nickel(II) ions with 1,2-cycloheptanedionedioxime are suffici=
ently different to warrant their being discussed individually,

(a) FPreparation, Since & detailed procedure for the synthesis of
1,2-cycloheptanedionedioxime has been worked out znd published by Vander
Haar, Voter and Banks (86), only a short review of the procedural steps
will be given at this point.

1,2-Cycloheptanedione wes prepared by the oxidation of cycloheptanone
with an eqguimolar amount of sublimed selenium dioxide in ethznol solution,
lhe diketcne, a deep yellow liguid of b.p. 107-109° at 17 mm., was obtained
in a 90 per cent yield,

The dioxime was prepared by slow zddition of the diketone in methanol
to a cooled, stirred, water-methanol solution containing equimolar quanti-
ties of hydroxylammonium chloride and sodium hydroxide. The product ob-
tained was recrystallized from water, m.p. 179-180°, and represented a 46
per cent yield based on the amount of dione used., Thus, an over-all yield
of approximately 4O per cent was obtained.

(b) Use as a macro-gravimetric reagent for nickel., s complete report
of the study of' 1,<-cycloheptanedionedioxime as a macro-gr: vim:tric reagent
for nickel has been published in the rccent literature by Voter and Banks
(89). A brief summary of the findings is as follows:

The solubility of 1,2-cycloheptanedionedioxime in water was deter-
mined to pe 4.8 grems (0,031 mole) per liter at 19.5°, aqueous solutions
of this reagent can therefore be employed conveniently in enslytical me-
thods. 7The dicxime reacts with nickel(II) ions to form a yellow inner-
complex compound, precipitaticn being quantitetive at pH 2.7 and grester,
ovatisf:setory grovimetric results were obtained with the technicues used,
with samples of nickel ranging from 6 to 61 mg., A large excess of reagent
did not noticesbly affect the results; indicsting thst copracipitetion of
the resgent with the nickel precipitete wes negligible, In & study of the
effect of common anicns on this determination il was found that acetate,
tartrate, chloride, citrate, perchlorate, sulfate, sulfosalicylate, ni-
trate and thiocysnate did not interfere, Nicksl was detzsrmined in the pre-
sance of aluminum; chromium(III), manganese(II), lead(Il), magnesium, zinc,
cadnium, sntimony(II1I), arsenic(IIIl), beryllium, iron (III), molybdenum(VI),
titanium(IV), copper(l), cobult(IIl,), vanadium(V) and bismuth ions. alumi-
num, chromium(I1I), entimony(I11I), arsenic(IIl), iron(III), titanium(IV),
and bismuth ions, when present, must be complexed with either tartrate or
citrate to prevent their coprecipitation as hydroxides., Cobalt(II) ions
react with 1,2-cycloheptanedionedioxime to form a brown complex compound
which remains in solution if the cobalt concentration is not too high.
Copper ions react with the reagent, yielding an insoluble brown precipitate,
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However; this interference is eliminated by taking advantage of the fact
that copper(I) thiocyanate is soluble in excess thiocyanate. The soluble
complex formed effectively wmasks the copper(I) ions and prevents their re-
action with 1,2-cycloheptanedionedioxime. Acetate is added to prevent

the precipitation of lead(II) chloride when lead is present.

A procedure for determining nickel in steel containing both cobalt and
copper was developed and tried with success on 5 National Bureau of Stan-
dards steels. An aluminum=-base alloy was also analyzed for nickel. The
reliability and simplicity of this method was successfully tested by an
analyst unfamiliar with the procedure. These data are shown in Table 1.

During the development of the procedure for the analysis of steels
for nickel, it was noted that a yellow precipitate often resulted if am~
monium thiocyanate was added to an aqueous solution contsining small amounts
of nitric acid (pH 0.5 to 1.0). This reaction was accompanied by the for-
mation of gaseous bubbles and occurred when the solution was hested to about
60°. At higher pH values (4.0 and above) the phenomenon was not observed
even at temperatures near boiling. Some of the yellow compound was filtered
off, dried and analyzed for nitrogzn by the Kjeldahl method (100). Results
of 18.5 and 18.4 per cent nitrogen were obtained. The compound, before this
analysis, wes thought to be perthiocysnic acid, CpNpS3Hp, or thiocyanuric
acid, C3N 83H3’(50) which contain 18,7 and 23.8 per cent nitrogen respecti-
vely. Apparently the former compound was the correct one.

(c) Use as a micro-gravimetric reagent for nickel. The successful
application of 1l;2-cycloheptanedionedioxime to the macro~gravimetric de=-
termination of nickel(1l) ions suggssted a similar investigation of this
reagent in the micro-range (89). It was assumed that properties such as
the effect of various anions; cztions and excess reagent, and the minimum
pH for quantitative precipitation observed on the larger scale would re=-
main the same in micro-scale operations,

In order to find the range of nickel samples that could be conveni=-
ently and accurately determined, ss.ples of the standard nickel(II) chlo-
ride solution (0.474 mg. nickel per ml. of solution) were carefully weighed
into micro-filter beakers from a weight buret, Four drops of ammonium ace-
tate solution and 1 drop of 1 per cent hydrochloric acid were added to each
sample, The solutions were next diluted to about 2.5 to 3 ml. total volume
with water., The pH values were checked with "Phydrion Paper'!" and adjusted
as necessary to fall in the range 3.5 to 5.5. 1,2-Cycloheptanedionedioxime
was added (at least 0.15 ml. per 100 yg. of nickel present) from a cali-
brated glass dropping bottle pipetté (ground-in type). When held verti-
cally this particular pipette delivered 27 drops per ml. The solution was
stirred by careful swirling and then digested for 10 minutes in the steam
bath.,

During this digestion period coagulation of the precipitate occurred,
The solutions wzre filtered while hot. Prior to filtration the tip of the
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Table 1
DETERMINATICN OF NICKEL IN STiaL aND AN ALUMINUM aALLOY

WITH 1,2-CYCLOHEPTAN®DIOUN®DICAIME

Material Nickel Nickel  average
Present Found Found
% 4 #

N.B.S. Nickel Steel No, 33c 3,28 3.25
3.26

3.27 3.26
N.B.S. Cast Iron No, 115 15.89 15,82
15,93
15.94

N.B.S. Nickel-molybdenum

Steel No, 1lla 1.75 1.75
1.75
1.74%
1.75%  1.75
N.B.S. 18 Chromium~-9 Nickel
Steel No. 10lc 9,27 9.29
9,26# 9.28
9023#
9,28 9.26
N.B.S. Chromium-nickel- 0,563 0,558
molybdenum Steel No. 139 0.556  0.557
N.B.S. Aluminum~base 0.41 0.42
Alloy Wo, 85a 0.42 0.42

#To these samples were added 5 mg. Cu(II) and 5 mg. Co(II). OSamples con=
tained 22.5 and 24.5 mg. nickel respectively.

#Analysis run by analyst unfamiliar with this procedure,
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filter beaker was moistened with glycerol to facilitate inserting it into
the rubber tube of .the filter apparatus. After filtration the tip was wiped
with a cotton gauze moistened with 50 per cent methanol solution. The
precipitates were washed with 5 portions of water dispensed from a 30-ml.
medical type hypodermic syringe. The filter beakers were dried along with
their tares and respective glass beads for an hour at 110-120°,

dxperimental results indicated that amounts of nickel in the range 50
/ugn to 1 mg. could be determined conveniently and successfully. Below this
1limit results were unreliable, Amounts of nickel greater than 1 mg, yield
precipitates too voluminous and bulky for satisfactory quantitative ma-
nipulation., Data obtained azre shown in Table 2,

Preliminary experiments on the application of these methods to the
micro-determination of nickel in steel indicated that the main problem in-
volved the quantitative removal of silica and the subsequent introduction
of the sample solution into the fmich beaker, It was found that reduced
pressure filtration through paper permitted a complete guantitative trans=-
fer together with adequate washing. The silice filtretion apparatus pre=
viously described was assembled for this purpose. Use of a weighing bottle
with the ground zone on the outside of the bottle made possible the employ-
ment of a ground-in glass cover without the denger of the solution con-
tzcting the ground zone during addition of reagents and stirring. Magne-
tic stirring appezred to be the most convenient method of mixing since it
produced a minimum of splashing and required no rinsing,

These findings and those observed in the macro-determination of nickel
with 1,Z2-cycloheptanedionedioxine led to the following procedure, recommended
for the micro-determination in copper- and cobalt-containing steels:

Weigh the sample into a 25-ml. Erlenmeyer flask, and dissolve it in
an appropriate acid or acid mixture, Treat the solution with several drops
of nitric acid to decomposs any carbides., &dd 0.5 ml. of 60 per cent
perchloric acid, Boil for 15 minutss after fuming begins. Add 4 volumes
of water, and, after dissolving any salts, filter off the silica, using 4
ml, of wash water and catching the filtrate in a previously weighed 30-ml.
weighing bottle equipped with the stirring bar., While utilizing the mag-
netic stirrer, add to the filtrate 0,15 ml. of citric acid solution for
each 10 mg. of sample taken., If lead is present, add 3 or 4 drops of am-
monium acetate solution. add 0.3 ml. of sodium sulfite solution. Adjust
the pH to 3,5 with dilute ammonium hydroxide. Add 0.7 ml. of ammonium thi-
ocyanate solution. Continue stirring until any precipitate of copper(I)
thiocyanate dissolves., If the dissolution of this precipitate is slow, add
more ammonium thiocyanate solution. As soon as the solution is clear, re-
place the cover and weigh the weighing bottle with its contents (about 9
grams), Transfer most of the solution to a Grethen weighing bottle and
weigh out portions (about 3 grams) into the micro-~-filter beakers, To these
weighed solutions add O.1 ml, of 1,2-cycloheptanedionedioxime solution for
each 59/‘g° of nickel present. Gently swirl the beaker, taking care that
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Table 2
Analysis of Standard Nickel Solutions
with 1,2-Cycloheptanedionedioxime
Nickel Nickel Error
Taken Found
ﬂga /" gc /‘go
53 50 -3
&3 82 -1
104 100 -~k
238 236 -2
498 500 +2
917 985 +8
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the solution does not contact the fritted glass. Digest for 10 minutes
with occasional swirling., 4Allow the micro-filter beaker to stand in cool
water for 30 minutes. Filter with suction. Wash with water and dry at
110-120° for at least 1 hour before wsighing, The factor for nickel is
0.1590.

By using the proper complexing egents, this procedure can be adapted
readily to the determination of nickel in the presence of any of the me-
tallic ions menticned previously. Ammonium acetate solution is added as
the buffer when citrite or tartrate is not used. The pH of the solution
should be about 4.0,

This procedure was tested by analyzing stendara steel samples of the
United States National Bureau of Standards. HResults are shown in Table 3,
In each case the stecl samples weighed about 30 mg.

(d) Usz as a gravimetric reagent for palladium. The successful ap-
plication of 1,2-cycloheptanedionedioxime to the the determination of
nickel(II) ions naturally led to an investigation of this precipitant as

a possible analytical reagent for palladium(II) ions.

1,2-Cycloheptanedionedioximne was found to react quantitatively with
palladium(II) ions to yield a yellow precipitate at pH 0.8 or greater.
Incomplete precipitation occurred at pH values below this figure. The
weights of the precipitates resulting from the reaction of excess dioxime
with a known quantity of palladium(II) ions indicated that 2 vic-dioxime
molecules reacted with 1 palladium(II) ion to yield the typical inner-
complex compound. The factor for palladium in 1,2-bis(1,2-cycloheptanedi-
onedioximo-N,N'")palladium(II) is 0.2558.

A series of determinations was conducted on various sizes of palla=
dium samples., The sclution vclume was about 200 ml, and pH 2 to 2.5 in
each case. After slow addition of the dioxime the solutions were digested
for 10 minutes at about 90°, allowed to stand for 1 hour before filtering
through a weighed crucible. The precipitate was dried at 110-112° for 1
hour before weighing. The data shown in Table 4 indicated that amounts of
palladium in the range of 7 to 4Z mg. were determined successfully. How=~
ever, quantitative manipulations w:cre difficult in the csse of the largest
sample.

The effect of various common anions on the determination of palladium
was studied in the usual manner. The anions were added as their sodium,
potassium or ammonium salts except in the case of tartrate or citrate,
which were added as the acids. Chloride, acetate, sulfsate, nitrate, ci=-
trate, tartrate, and perchlorete did not interfere (Table 5).

The results of several determinations of palliauium in which the per
cent excess of the dioxime was varied are shown in Table 6, While it was
evident that excess reagent did not cause an apprecizble error in the re-
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Table 3
Analysis of Standard Steel Samples

with 1,2-Cycloheptanedionedioxime

Material Nickel Nickel Average
Present Found Found
% % %
N.B.S. Nickel-molybdenum 1.75 1.73
Steel No. 1llla
1.78
1.75 1.75
N.B.S. Chromium-nickel- 0.563 0.580

molybdenum Steel No. 139 0.571 0.576




Determination of Various Amounts of Palladium

~30=

Table 4

with 1,2-Cycloheptanedionedioxime

I5C-230

Det'n Nickel Weight of = “z™umsqNickel Error
Taken Precipitate Found

gram gram gram mg.

1. 0.0070 0.0276 0.0071 +0.1

2. 0.0165 0.0648 0.0166 +0.1

3. 0.0270 0.1058 0.0271 +0,1

L 0.0424 0.1661 0.0425 +0,.1




Table 5

Effect of Various Anions on the Determination of

Palladium with 1,2-Cycloheptanedionedioxine

ISC-230

Anion Anion Nickel Weight of Nickel Error
Present Taken Frecipitate Found

grams gram gram gram mg
Chloride 2,0 0.0228 0.0894 0,0229 +0,1
Acetate 2.3 0.0233 0.0911 0,0233 0.0
Sulfate 2.6 0.0234 0.0920 0.0235 +0,1
Nitrate 2.3 0.0220 0.0867 0.0222 +0,2
Citrate 2.0 0,0230 0.0897 0.0229 ~-0,1
Tartrate 2.0 0.0227 0.0862 © 0,022¢ ~0.1
Perchlorate 2.4 0.0236  0.,0925 0.0237  +0.1
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Table 6

Effect of pxcess 1,2-Cycloheptanedionedioxime on

the Determination of Palladium

ISC-230

Det'n Excess Nickel Weight of Nickel Error
Added Taken Precipitate Found

% gram gram gram mg.

1 20 0.0221 0.0872 0.0223 +0,2
2% 30 0.0226 0.0886 0,027 +0,.1
3 80 00,0231 0,0916 0.0234 +0,3
L 80 0,0218 0.0854  0,0218 0.0
5t 120 0.0236 0.0922 0.0236 0.0
6 150 00,0212 0.0838 0.0214 +0,2
7 250 0,0210 0.0828 0.0212 +0,2
8# 350 0.0221 0,0864 0.02<1 0.0

*Two grams of ammonium acetste also present.

#Three grams of ammonium acetate also present,
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sults, the samples to which 2 or 3 grams of ammonium acetate were added ex-
hibited less positive deviation than those containing no acetate, The
cases studied are too few to make a conclusive statement concerning the ef-
fect of the ammonium acetate, but the results are in qualitative agreement
with those found in a similar study of this reesgent with nickel ions,

The efiect of several cations was studied., When iridium(IV) (0.0l
gram) and rhodium(III) (0.01 gram) were present in solution, the 1,2-bis
(1,2-cycloheptanedionedioximo=N,N')palladiun(II) would not coagulate in
the usual manner and passed through the filter crucible, Une gram of iron
(II1I) when complexad with citric acid did not affect the results obtained,
Platinum(IV) in quantities of 50 &nd 100 mg. caused a positive error ranging
from 0.3 to 0.5 mg., & determination of pallacium wes made in which 100 mg.
of platinum(IV) as chloroplatinic acid solution was added zfter the palla-
dium had been precipitated with the vic-dioxime. In this case a positive
error was not noted, which indicated that tnere was no palladium impurity
in the platinum(IV) solution and that the positive error was probably due
to coprecipitation of a complex of platinum(IV) and 1,2-cycloheptanedione-
dioxime with the 1,2-bis(1,2-cycloheptanedionedioximo~N,N')palladium(II).
The presence of large amounts of chloride ion did not effectively mask the
platinum(IV) ions, which slowly form a flocculent purple precipitate with
1,2-cycloheptanedionedioxime in solution at pH about 2.

L, 1l,2=Cyclodecanedionedioxime

No attempt was maue to prepare the 8 and 9 carbon members of the homo-
logous series of alicylic vic-dioximes but, rather, attention was directed
to preparation and study of the cyclodecane derivative,

(a) Preparation. A method for the preparation of cyclodecan-l-ol-2-
one (sebacoin) is described by Stoll and Hulstkamp (75) and stoll and
Rouv€ (76). 4 procedure which is similar but lacks sufficient detail and
conciseness is described by Prelog, Frenkiel, Kobelt and Barman (62).

The preparation of this compound was carried out as followss

A 3-necked, 3-liter flask was fitted with a gas-inlet tube, a 2-bladed
steel stirrer with mercury sezl, and short, straight water-cooled conden-
ser. The top of the condenszr was coupled to a glass-stoppered introducing
funnel by meens of a straight vacuum adapter. In order to remove the last
traces of oxygen (this was found to be of the utmost importance), the ni-
trogen was bubbled through a tower containing an alkaline solution of 1,2,
3-benzenetriol (pyrogallol) (88) followed by 2 drying towers containing
calcium chloride and anhydrous aluminum oxide, Twelve hundred ml, of Xy-
lene which had been dried over anhydrous aluminum oxide and freshly dis-
tilled, was plezced in the rezction flask. Approximately 200 wl., of this
solvent wes distilled over to remove the last traces of moisture that re-
mained in the system. Nitrogen was run through the system overnight to
remove oxygen from the apparatus. In the morning the xylene was heated to
reflux temperature and the stirrer was started. FKorty-six grams (2 moles)
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of freshly-cut sodium was added in smell quantities by quickly removing

and replacing the gas-inlet tube. VUne hundred fifteen grams of freshly
distilled dimethyl ester of decanedioic acid (dimethyl sebucate) (0.5

mole) in 80 ml, of the purified xylene was pleced in the introducing funnel
and added dropwise at a constant raste over a period of 10 hours., The so-
lution extiibited a red colorztion toward the end of this sddition. The
reaction mixture was refluxed for an adaitional hour before it was cooled
to room temperature by umesns of a weater bath. Approximately 150 ml, of
methanol was slowly adued to decompose the remaining metallic sodium. The
temperature of the solution was not allowed to exceed 40° during this period,
The sclution was ailowed to stand overnight to insure complete reaction of
the sodium. 0vilute sulfuric acid (3-4 normal) was slowly added until the
aqueous phase was found to be acid. The mixture was removed from the ni-
trogen atmosphere and placed in a separatory fumnnel. The xylene layer

was sepzrated, washed with water, then with dilute sodium carbonate solu=-
tion, agsin with water and placed to dry over anhydrous aluminum oxide,

The xylene was removed from this solution by distillation through a
Vigreaus column under rzduced pressure. Ilwenty grams of cyclodecan-l-ol-
2-one distilled as a yellow oil at 108-112° at 4-5 mm. lhe yield was <4
per cent based on the quantity of ester tiken. The product was crystall-
ized 3 tiues by dissolving it in petroleum ether (b.p., 60-70°) and then
cooling the mixture in a dry-ice and zcetone bath. The purified, light
yellow product melted at 36°., Stoll, et al., reported 38-39° (75,76).
Approximately 20 ml, of a brown liguid wnich solidified upon cooling re-~
mained in the distillation flask. +‘his meterizl was found to be mcstly de~
canedioic acid. In previous runs in which the procedure of Prelog, et al.,
(62) was followed as closely :s possible, the isolated products wure largely
this acid and only a smzll quantity of cyclodeczn-l-ol-2-one, Un the basis
of later work the unproductiveness of these runs was attributed to the fact
that Prelog, et al., did not remove the last traces of oxygen from the ni-
trogen used, The amount of decanedioic acid produced served as a umeasure
of the oxygen present during the cyclization.

Two independent procedurss were employed for the oxidation of the cy-
clodecan-l-ol-2-one to 1,2-cycloudecanedione. In the method of frelog, et
al., the acyloin is oxidized by chromium(VI) oxide in a glacial acetic acid
solution. The dione is extrected from the resction mixture with petro-
leum ether (b.p. 60-70°). After this extract is dried, the petroleum ether
is allowed to evaporate off, leaving the yellow dione., Upon using this
method 4O to 47 per cent yields of dione, m.p. 36°, were obtsined. Frelog,
et al,, reported a melting point of 4i°,

The other method was adapted as follows from a procedure of Weiss and
Appel (95) which had been us=d for a similar type of oxidations

Une gram of cyclodecan-l-0l-2-one, 0,3 gram of ammonium nitrate, 10
ml. of 80 per cent acetic acid and 0,01 gram of copper(Il) sulfate were
placed in a small flask fitted with a reflux condenser. &After 2.5 hours
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of refluxing the dione was extracted with petroleum ether (b.p.60-70°),
The product, m.p. 34°, was isolated as described above in a yield of 25
per cent (0.25 gram),

The following procedure was worked ouf for the oximation of 1,2-cyclo-
decanedione to 1l,2-cyclodecanedionedioxime:

t'our grams of the dione was added to 50 ml. of solution in a reflux
apparatus containing 4.2 grams (0,06 mole) of hydroxylammonium chloride and
2.4 grams of sodium hydroxide (0.06 mole). The addition of 80 ml. of et-
hanol was required to dissolve the dione completely. The mixture was re-
fluxed for 1 hour on a steam bath. The ethanol was removed by heating the
solution in a beaker under an infrared lamp. The remaining solution was
filtered, avout 3.5 grams of a tarry mass being recovered, This material
was dissolved in 25 ml. of boiling ethanol to which a small amount of no=
rite was added. The crystals obtained upon cooling the filtrate were re=
crystallized twice from benzene, norite being used the first time., A
yield of 0,8 gram of white crystals of 1l,2-cyclodecanedionedioxime, m.p.
184°, was obtained. The nitrogen content of the product was determined
(micro-bDumas); N calculated, 14.1 per cent; N found, 14.3, lhk.4 per cent,

(b) 4 study of some of its properties. 1,2-Uyclodecanedionedioxime
was found to react with nickel(Il) and palladium(II, ions to produce orange=
yellow and lemon-yellow precipitetes respectively. The former recction
was found to be not quantitative after a reasonable length of time at pH
L5, omall weighed samples of the dioxi.ie in ethanol wzare treated with
lerge excesses of nickel(ll, chloriae solution, &fter 30 minutes of di-
gestion the sclutions were allowed to stand overnight before filtering,

It was noted that a small amount of precipitation continued to take place

in the filtrates, accounting for the fact that not quite all the dioxime

was recovered as the nickel aerivative of 1,<-cyclodecanedionedioxime. This
imcompleteness of reaction wa. also noted at pH 3.6,

The solubility of 1,2-cyclodecanedionediuvxime in water wes determined,
however, by weighing the precipitates formed by nickel(Il) ions with this
vic=dioxime in a measured vclume of solution satursted with the dioxime at
24¢, It was reslized that the result obtained, 0,099 gram or 0.005 mole
per liter, was slightly low, but it was thought thet this would be suffi-
ciently accurzte for the purpose of this perticuler investigation. Be-
cause of its unfavorable char:cteristics the properties of 1,2-cyclodecan~
edionedioxime were not studied further,

D, Conclusions and Summary

The preparstion of 1,2-cyclopentanedione by the method of hiley, lior-
ley and friend and by a method adapted from that for the preparation of 1,
2-cyclohexenedione has been studied and found to yield only small quanti-
ties of product., It is thought that the low yields result from the in-
stability of the intermediate organo-selenium compound undoubtedly involved
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in the selenium dioxide oxidation., A satisfactory method for the oxima-
tion of this dione to 1,2-cyclopentanedionedioxime has been devised, This
water-soluble vic-dioxime showed little or no promise as an analytical rea-
gent because of the very narrow pH range over which the nickel compound is
insoluble.

The use of 1,2-cyclohexanedionedioxime as a gravimetric and colori-
metric analytical reagent for nickel(II) and palladium(II) ions has been
studied and reported. Its general gravimetric use is more suited to the
gravimetric determination of palladium, as no satisfectory method could
be devised for the determination of nickel in the presence of appreciable
amounts of iron., This 6 carbon vic-dioxime apperently forms a very stable
complex with iron(II) and slowly reduces iron(III) to iron(II) in spite
of the presence of strong complexing agents for the iron(III) ion. #s a
qualitative reagent for nickel, 1,2-cyclohexsnedionediocxime apparently has
no equal,

Syntheses of 1,2-cycloheptanedione and its dioxime that both gave high
yields of product are described. ethods are presented for the macro- and
micro-gravimetric anzlyses of nickel, including nickel in steel, based on
the use of this wster-soluble vic-dioxime as the precipitant. This rea-
gent, capable of precipitating nickel(II) ion: from solutions containing
lerge quentities of iron(Ill) complexed with tartrate or citrate, was
found to possess almost all the good cheracteristics of both «,3-butanedi-
onsaicxiue and 1,2-cyclohexanedionedioxime without their disadvantages.
Flatinum interfered with the gravimetric determination of palladium with
1l,<-cycloheptsnedionedioxime.,

The Stoll, Hulstkamp and Rouvé method for the prepsrztion of cyclode-
can-l-o0l-2-bne was successfully carried out. Two methods were employed
for the oxidation of this acyloin to the dione. # procedure for the oxi-
mation of tnis cunpound to l,2-cyclodecanedionedicxime wes devised, This
reagent, insoluble in water, exhibited no velue as an analyticel reagent
for nickel(II) or palladium(lL) ions.

IV. PART TWO: INFRARED SP&CTROSCOPIC STUDY OF THE NATURE OF THE HYDROGEN
# BOND IN THE INNER-COMPLEL COMPOUNDS

Infrared spectroscopy was selecteu for this study of the nzture of the
hydrogen bond in the nickel(II) and pallescium(II) inner-complex compounds
of several vic-dioximes because of the direct manner in which it has been
possible tc detect hydrogen bonas by this metriod. Literally hundreds of
papers have appeared in the literature in which the influence of hydrogen
bonding on specific absorption wexima has been recorded (4,34,35,63). In-
frared data on hydrogen bonds in orgasnic and inorgenic compounds and .mix=-
tures have been profuse. However, apparently very little sttention has
been paid to this type of investigetion of inrier-complex compounds.
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A, Review of the Literature

The gross feztures of the structure of the inner-complex compounds
formed by the reaction of the unti-form of vic-dioximes with nickel(II)
and palladium(II) ions have been well estsblished. oeveral publications
(17,18,21) have served to review the gradual compiling of ressarch results
and conclusions that have led to our present knowledge of these metsllo-
orgunic molecules, The chronological course of this slow evolutionary
development is not restated at this time. HKather, the published e¢vidernce
is presented according to its nature, 1. e., knowledge of anclogous com-
pounds, steric considerctions, wagnetic ineasurements, A-ray examinstion
and chemical evidence,

Pfeiffer and ficherz (61) snd Ffeiffer (60) deduced the configuration
of the nickel(II) derivstives of the vic-dioximes from a knowledge of ana-
logous compounds., <Lhey hcd est:blished the structure for the inner-complex
compounds of nickel(lI) end cobelt(II) with 1 2-diphenylethsnedionemonoxime
on the besis thet only the anti-form of this 1,<-diketonemonoxiize would
resct witn these ions to form inner-complex compounds. Since the nickel-
nitrogen link:ge was well known in nickel amine coordination compounds, it
wes natural to postulite, in the case of the vic-dioximes, the 5-membered
ring structure in which the centrel nickel stom is bonded directly to the
4 nitrogen ctoms,

an important contribution to the proof of Pfeiffer's structurs wes
aade by ougden (77), who prepered the nickel derivative of l-phenyl-2,3-
butanedionedioxime. by repeated crystallizations fro «cetorie he was
able to sepirate 2 isocmeric compounds. These isomers, which wer: both shown
to heve empirical formules corresponding to (CypH1102N2)2Ni, were found to
have widely sepurated melting points: e ~form, 168°,/Z-form 75-77°. The
parent dioximes regenerated from each of the e«¢~form

HyCr /CHB
\T i
OZL /N\0
H \Ni’/ NH
\ Il //
Q - \N’O

(I

C

HBC C7H7
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and the ﬂ ~form

H~HC CH-
17 3
\c c/
]

/ SN
0 S0
{5
o, - \N’O

I

HyCy

proved to be identical. Also, acetylation of both of these geometric is-
omers with acetic snhydride in the presence of pyridine gave the same dia-
cetyl deriveative which in turn was identical witn thet prepared directly
from the parent dioxime. These data showed that the s:zme isomeric dioxime
was present in each of the nickel derivatives, :

Structural isomerism involving the displeccement of ¢ proton did not
seem reasonable on the basis of the large difference in observed aelting
point of the 2 nickel derivatives. TIwo of the 4 possible isomers for the
cis~-compound are shown below,

O (.
HO——,N\ L—>o 0 «—N N—0H
\/Ni/ \I)[i”’

Ho—ﬁ ’ \ﬁx—)o Ho'—ﬁ" ﬁl—)o

¢ C ¢
H3C/ \C7H7 Hj(l/ C7H7

Similar isomerism involving the trens-form of this inner-complex compound
also had been postulated.

The assignment of the trans-configuration to the higher izelting iso-
mer (eX-form) was made as a result of dipovle moment me:surements.
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Cavell and Sugden (11) extended this work to include separat ions of
the isomeric forms of the nickel inner-complex compounds of le-methyl=2,3=
hexanedionedioxime and l=-methyl-2,3=heptanedionedioxime,

Dwyer and Mellor (20) isolated 2 isomers of the.palladium(II) deri-
vative of l=phenyl-2,3-butanedionedioxime. Their studies and conclusions
were similar to those of Sugden and Cavell,

That the assignment of a planar structure to the nickel vic-dioxime
inner-complex compounds was correct has received additional proof from
magnetic susceptibility measurements. Nickel(II) ions upon forming dsp
type bonds are diamagnetic since this ion's 8 unshared 3d electrons must
form L4 pairs. Ample evidence has been reported to show that no unpaired
electrons exist in these compounds and, thus, that they are of the square
coplanar class. Cambi and Szego (10) and Klemm, Jacobi and Tilk (45) have
shown that the nickel(II) derivatives of 2,3-butanedionedioxime and 1,2-
diphenylethanedionedioxime are diamagnetic. Sugden (77) and Cavell and
Sugden (11) found that the nickel complexes formed with l-phenyl-2,3-butane-
dionedioxime, l-methyl=2,3-hexanedionedioxime and l-methyl-2,3-heptanedione=-
dioxime (both the = and ~form in each case) are also diamagnetic. The
same results were obtained for the solid nickel(II) derivative of l-methyl=
2,3-propanedionedioxime by Willis and Mellor (101)., 1In pyridine solution,
however, the complex was found to exhibit paramagnetism. The authors sug-
gested that the difference in stability of the square and tetrahedral com-
plexes is so small that some of the molecules of the coplanar configuration
are converted to the latter configuration under the influence of this sol=-
vent, Perhaps this conversion represents a correlation with the results
found by Sugden as opposed to those of Barker (3) in regard to acetylating
the complexes with acetic anhydride in the presence of pyridine or in
anhydrous ether, It is to be noted, however, that different parent vic-
dioximes were involved.

Mellor and Craig (53) prepared the nickel(II) complex of 1,2-naptho-
quinonedioxime and found this dark green amorphous compound was diamagne-
tic. TFeigl (23) states that aromatic rings destroy the specific activity
of vic-dioxime groups and that as parts of such compounds they behave as
dibasic acids., This point needs clarification since Mellor and Craig have
shown that their complex has an empirical formula, (CqoH70oN2)oNi. This
would indicate the presence of the normal structure. That the vic-dioximes
are not actually specific for nickel(II) and palladium(II) ions has been
shown many times (17, p L2-L6j 36,51) 1,2-Bis-(2, 3-butanedionedioximo-N,N')-
palladium(II) was observed to be dlamagnetlc by Janes (Ll1).

X-ray analyses of the structure of the complexes formed between nickel-
(II) ions and 2,3-butanedionedioxime and between nickel(II) ions and 2, 3-
pentanedlonedlox1me have been reported by Milone and Tappi (5L,55). The
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results of their work, which by their own admission wes incomplete and
lacking in preciseness, indiccéted the gener:l correctness of the struc-
tures proposea for this type inner-complex compouna by Pfeiffer and later
workers., Rundle and Godycki (71) are conducting a~ray structure determi-
nztions on 1,2-bis(2,3-butanedionsdioximo-N,N')nickel(II). Their preli-
minary findings confirm the existence of a plancr structure for theses mole-
cules and establish that the N-Ni-N bonds form aprrcximately right angles.
The Ni-Ni distance is observed to be 3.z5 &.

Chemical evidence indicating & leck of reactivity or, at least, greatly
decreased reactivity of the hydrogen of the remaining hydroxyl groups of
these inner-complex compounds has been recorded. Tschugzeff (83) reported
early that these compounds would not react with phenyl isocyanate.

Burker (3) recorded that 1,2-bis(Z,3-butenedionedioxiuo=-N,N')nickel(II)
was not acted upon by acetic anhydride in anhydrous ether solution. Under
the same experimental conditions <,3-butanedionzsdioxime is very re«dily
acetylated, giving the diescetyl derivetive. Barker «lso found th&at this
complex compound formed addition products when trested with either methyl
iodide or methyl sulfete under enhydrous conditions, These compounds de-
composed under the :ction of dry smmonis to yield the original 1,2-bis(2,3-
butenedionedioximo-N,N')nickel(II) and .niethylemuaonium iodide and methyle-
mnonium sulfete, respectively. It is interzsting to note thzt barker, in
order to account for his expsriment:1l results, suggsstcd the following struc-
tur¢l formul: for the nickel derivative.

HBC-C——;———-C
[ | >
NO NH

/
NG
HyC— C——C

e,

In the formation of the 2 adaition compounds, the existence of a pentava=
lent state for the amino nitrogens was postulated. slso, Barker apparently
ignored the possibility thet the hyarogens attzched to tliese nitrogens
would be active, which could lead to the formition of an acetyl derivative
under the experiment:¢l conaitions amployed.

Ni

—=
/”
C

Brady and muers (6) found that 1,2-bis(2,3-butanedionedioximo-N,N,)-
nickel(IX, gsve no methine with methylmagnesium iodide in amyl ether; that
is, they obtzined a negative test for active hydrogens by the Zerewitinoff



Ll , 15C-230

method,

mv1dence that the acidity and, conseguently, the reactivity of the ox-
ime hydrogens heve been greatly rzduced upon forming an inuer-complex com-—
pound with nicksl(II) or palladium(Il) ions lies in the fact that the vic-
dioximes will dissolve in very dilute b:sic solutions while the inner-com-
plex compounds will precipitate from strongly basic sclutions upon the ad-
dition of the appropriste cztions. ‘1lhus, the oxime hydrogens of these lat-
ter compounds canrnot be regarded &s being free of strong intramolecular ac-
tions,

These findings &re not inconsistent with the work of Thilo and fried-
rich (78) by which they prepered the compound NaHNi(CLHEOZN2)2 by treating
1,2-bis(2,3-butenedionedioxime~N,N')nickel(Il) with sodium ethoxide in ab-
solute ethanol. 1his crystalllne substence wi s ezsily decomposed by water,
teigl and outer (25) found that 1,2-bis(2,3-butsanedionedioximo=N,N!)palla-
diwn(II) functions as an wcid and were able to isolite, among others, its
potussium and barium salts frowm strongly basic solution., These salts are
decomposed to the normal inner-complex campound by dilute acids., reigl
ana Suter pressnted evidence to show that the 1,2-bis(2,3-but¢nedionedio-
ximo-N,N')palladium(II) in strongly basic solution acts as an inner-com-
plex anion,

The import:nce of the role of the hydroxyl hydrogen of the second ox-

ine group becomes apperent when the U-monomethyl-vic-dioximes ¢re consi-
derad, These U-monomethyl ethers

o
LS
W \Cﬁj

recct with nickel(II) ions only under specicl conditions and the resulting
complexes are relatively unsteble (6,78).

Brady and wuers (6) were the first to suggsst the presence of hydro-
gen bonds between the hydrogens of the hydroxyl groups and the proximate
nitrone~-form oxygens of the inner-complex compounds. The sym.etry of the
molscule and the relztive chemical inertness of the hydroxyl hydrogens led
them to tnis conclusion.,

tublished reports of infrared spectroscopic examinations of vic-diox~
imes have not bezn found., However, buswell, hodebush and Roy (8) conducted
infrared «bsorption studiss on several symmetricel monoketoximes, including
the oxime of cyclohexenone, in carbon tetrschloride sclution at varying
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concentrations. With low oxime concentretions they observed zbsorption
maxima at about 2.76 microns, indicative of "free" O-H vibration frequen-
cies., ss the oxime concentrations were increased, the molal absorption
due to "free" 0O-H decreased and absorption maxime et about 3.0 microns in-
creased in molal absorption. The assignment of these latter i xima to in-
termolecularly associstec O-H is consistent with the behavior expected of
these groups in the more concentrsted solutions,

Buswell, Dietz and Rodebush (7) were zmong the first to show that
O-H absorption maxima ¢re shifted to longer wave lengths with the forma-
tion of hydrogen bonds by the hydroxyl hydrogens. sadger (1) found that
a definite reletion existed between the energy of the hydrogen bond and
the shift of the (U-H absorption maxima which sccoupanies the formation
of the hydrogen bond. The effect of this bond is to exert & restraining
influence upon the O-H bord &nd therzby reduce its vibretion freguency
relative to the vibre¢tion frequency of the '"free" O-H bond., The absorp-
tion maxima for the fundeamentel O-H vibration frequencies sre found in the
range of approxim:tely <.7 microns for "free" O-H groups and up to 4.0
microns for strongly associctea O-H groups (65, p. 6). In this study, it
wus assumed that by observing the position of the U-H absorption maxima in
the verious nickel(II) and palladium(IlI) vic-dioxime inner-complex compounds
compered to those for "free" O-H absorption maxime at least & qualitative
measure of the strength cof the hydrogen bornds could be obtained.

B, Instruaents

The spectra wers recorded on a Baird Associates double-beem infrared
recording spectrophotometer (lodel B, sericl 1<7). With this instrument
the record of the infrared transmission is automaticeally obtained @s an
ink-drawn line on & paper chert greduated in per cent transmission as or-
dinate and in wave length &s abscissa. To cover the range of the infrared
spectrun from 2 to 16 microns & sodium chloride prism was employed. 4
potassium bromide prism was used for the range 12 to <6 microns, The wave
length setting of the instrument wes calibrited at frequent intervals by
checking the positions of zbsorption .naxima of knon substances (polysty-
rene for the sodium chloride region and carbon dioxide for the potassium
bromide region). Appropriate corrections wsre made. Specifications for
this instrument cleim an accuracy of + 0,02 microns in the weve length
setting and 1 per cent of the recorded velue in per cent trensuaission.

Iwo window pl:tes, one e:ch of sodiwn chloride and potuassium bro-
mide, were availeble for the solid sempling. The prepared window plate
in its holder was placed in the undisperssd rediation beam during the
scanning process,

C. DMaterials

1,2-Cyclohexanedionedicxime, 1,<-cycloheptenedionedioxime and 2,3-bu-
tenedionedioxime. The pure vic-dioximes were e:ch recrystcllized from ben-
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zene in order to remove last traces of water that might be present.

1 2»Cyclohexanedlonedlox1me-d2 1 2~cvc]oheptaned10ned10x1me-d and 2,3-
butanedlonedlox1me=d2° These compouqu were prepared in small quantltles
by recrystallizing the respective dried vic-dioximes from deuterium oxide
(obtained through the Atomic Energy Commission from the Stuart Oxygen Company,
San Francisco, California. Its purity was claimed to be 99.8 per cent),
Approximately 150 ml, of deuterium oxides was required for the preparation
of 200 mg. of 2,3-butanedionedioxime-d, because of its low temperature co-
efficient of solublllty in this liquid., Fifteen to 20 ml. was sufficient
for making the same amounts of the other deuterio vic-dioximes. All opera-
tions with deuterium oxide were carried out in a "dry-box" to prevent ex-
change with water in the laboratory atmosphere. Fresh portions of deuterium
oxide were used for each indivi dual operation in order to obtain a maximum
degree of exchange of deuterium for hydrogen. The crystals were dried by
drawing warm, dry air over them for about 15 minutes and then placing them,
spread out on filter paper, in a drying oven at 100-110° for a like period
of time. These compounds, as well as the other vic-dioximes and derivatives,
were stored in a desiccator, -__

1,2-Bix(1,2-cyclohexanedionedioximo=N,N' )nickel(II), 1,2-bix(1,2-cyclo-
heptanedloned10x1mo=N N?)nickel(II) and T,%2-bis(2,3- butanedlonedlox1mo-N ;NY)-
nickel(II). These inner-complex compounds were precipitated by adding the
reagent solutions to very dilute nickel(II) chloride solutions in a manner
similar to that prescribed for the determination of nickel with the respec-
tive vic-dioximes. The precipitates were dried at 110° for 1 hour,

1,2-Bis(1,2~-cyclohexanedionedioximo-d-N,N!)nickel(II), 1,2-bis(1,2-
cycloheptanedlonedlox1mo d-N N')nlckel(II) and 1,2=bis(2,3 butaned10ne=
dioximo-d-N,Nt)nickel(II). Anhydrous nickel(II) chloride was prepared by
heating reagentwgrade nickel(II) chloride 6-hydrate at 110° for several
hours. For each compound a weighed amount of the anhydrous salt was dise
solved in 30 ml., of deuterium oxide. A solution of a weighed quantity of
the deuterio vic-dioxime in deuterium oxide was prepared (2 equivalents
of the vic=dioxime for 1 of nickel(II) chloride). After the solutions were
heated To near boiling, the vic-dioxime solution was slowly added with
stirring to the nickel(II) chloride solution. The solutions were dlgested
ior 10 minutes before filtration. The precipitates were dried at 110° for

hour,

In the case of 1,2=-bis(2,3-butanedionedioximo=-d=N sN')nickel(II), it
was hnecessary to add a small amount of reagent-grade : anhydrous sodium car-
bonate to tie reaction solution in order to raise the pH to a value where
complete precipitation was obtained, Two hundred mg, of each compound was
prepared,

1,2-Bis(1,2=-cyclohexanedionedioximo=N, Nt )palladium(II), 1,2-bis(1,2-
cycloheptanedlonedlox1mo N, N')palladlum(IIT and 1,2=bis(2,3 mbutanedlone-
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dioximo-N,N')palladium(II). These compounds were preperea in & menner si-
milar to thet employea [for the corrzsgonaing nickel derivatives,

Nujol° Heavy Mineral 0il, U.S.P., obtained from Stanco Incorpcrea-
ted, Linden, New Jersey, wes used,

Perfluorokerosene. DuPont perfluorokerosene. DuPont perflucroker-
osene FCX-330 was employed.

D. fxperimental

The compounds derived from <,3-buteénedionedioxime were included in
this investigation in order to be able to compare the infrored spectra
obtained for the 2 alicyclic vic-dioximes and their derivatives with cor-
respoending compounds in which there were no &licyclic rings.

l. Methods

The various vic-dioximes and inner-complex compounds were prepared
for infrezred examination by the mull technique. wmach sample (approximat-—
ely 20 mg.) wes ground in & few drops of Nujol or perfluorokerosene in a
small agate mortar. It wes necessery to grind the parent compounds much
more extensively than the inner-complex derivatives because of the tendency
of the vic-dioxime crystels to scatter the infrered radiation. The paste
was spread to the desired thickness on a window-pl:ite of the same compo-
sition &s the prism., No reference window-plate wes used with this tech-
nigue, When thick pestes were necessiry in order to bring out wesk ab-
scrption bends, compensation for the loss in transmitted radiation of the
sample beam was obtalneu by closing down the shutter in front of the re-
ference beem, which had the effect of increasing the difference in ra-

diation energy between the 2 beams,

The mull technique was employed for this investigation since suit-—
able solvents for the various compounds were not found. Solvents such
as pyridine, which dissolve the inner-comglex cowpounds, were known to
change the identity of these compounas (101)., Because of the nzture of
the work, such structural alterations could not be tolerzted,

Non-polar solvents could not be found that would dissolve enough of
2ither the parent vic-dioximes or the derivatives to permit the success-
ful apgplication of liquid sempling.

Perfluorokerosene was employed in addition to Nujol for the prepzra-
tion of the mulls because it gives rise to no absorption maxima in the re-
gion of 2 to 7 microns, Thus, it does not preclude sample date in this
region at the wave lengths were the Nujol C-H absorption maxima occur.
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2. Results

The indiviaual infrared absorption spectra of 1,2-cyclohexenedione-
dioxime, 1l,<-cycloheptanedionedioxime snd «,3-butanedionedioxime in Nu-
jol in both the sodium chloride and potassium bromide regions are shown
in Figures 1 through 6 (curve "A" in each figure). Strong absorption
maxima for C-H vibrations of Nujol cre observsd at 3.41, 6.84 and 7.27
amicrons (65, p. 2Ul). Weak absorption maxima (or minima) occurring at
approximately <.5 and 4.3 alcrons in some of these spectrogrims are ap-
parently due to the presence of carbon dioxide (44). An absorption ma-
ximimum for the vic~dioxime O-H groups in 1l,<-cyclohexanedionedioxime is
observed at 2.98 microns (sodium chloride region). For 1,2~-cycloheptane-
dionedioxiwe and <,3-butanedionedioxime these maxima are observed at 3.11
and 3,13 microns, respectively. Wach absorption maximum appezred to be
fairly strong. The absorption spectra of these 3 compounds in perfluoro-~
kerosene in the renge of 2 to 7 nmicrons are shown in Figures 7,8, and 9,
respectively (curve "A" in each case). The O-H absorption mexima are
found at weve length values agreeing, within the limits of accuracy of
the instrument, with those observed with the same compounds in Nujol mulls.
ki C=H absorption meximum (3.41 microns) was well defined only in the case
of l,<-cycloheptenedionedioxi.e, appeared very broad in 1,2-cyclohexane-
dionedioxime and was not noticeable in 2,3-butanedionedioxime.,

No attempt was made to assign all the absorption maxima observed, as
this tesk would have been extremely diftf'icult and, in view of the grest
degres of uncertainty that woula @ccoapany such an effort, very unrewarding.
Also, from the steted purpose of this investigetion it seemed permissi-
ole to liait the assignment of ebsorption maxime to those vibration fre-
guencies which could be identified with a reascnable surety and which
wolld yield specific information concerning the nature of the O-H groups
in the parent vic-dioximes and inuer-coamplex compounds under considera-

tion.

In Figures 1 through 6 ("B" curves) are shown the spectra of 1,2-cy~
clohexanedionedioxine~gn, 1,<-cycloheptenedionedioxime-dy and 2,3-butan-
edionedioxime-ds in Nujol. The strong zbsorption maxima appearing at
3.99, 4.18 and 4.19 microns, respectively, were assigned to O-D vibration
frequencies. s with the parsnt vic-dioximes, the 0U-D absorpgtion maxi-
mum for 1l,2-cyclohexanedionedioxime-d, appesred sharper and at a slightly
lower weve length than in the other 2 compounds.

1t was felt that a comparison of the relstive intensities of the O-H
and U-D absorption maxina in these compounds would allow a quantitctive
estimetion of the degree of the exchinge of deuterium for hydrogen effected
by the treetment with dsuterium oxide. The 2 alicyclic compounds exhibited
only relatively weck O-H absorption maxi.a at the previously observed wave
lengths. The <,3-butanedionedioxime-d, showed noc appreciable O~H absorption
maxima. Un the basis of these observaéions, the coupounds were considered
acceptable for their intended purposes.,
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it is to be noted that in 1,2-cycloheptanedionedioxime-dy and 2,3~
butsnedionedioxime-dy weak absorption maxima are found at 4.53 and 4.54
microns, respectively. It is believed that these absorption maxima arise
from C-D vibration freqguencies indicating that an exchange of deuterium
for hydrogen attached to carbon had taken place, 1In 1,2-cyclohexanedione-
dioxime-ds no well-defined absorption maximum is observed at thesa wave
lengths; however, an absorption maximum at 4.39 microns and a weaker ab-
sorption maximumn at 4,69 microns were found. The zuthor does not feel
justified in definitely assigning either of these maxime to C-D vibration
frequencies, The apparent presence of C-D bonds was not considered de-
trimental in view of the purpose of these studies.

The absorption spectra of these 3 compounds in perfluoroksrosens are
shown as the "B" curves in frigures 7, 8 and 9. Data analogous to thet
with the Nujol mulls were found and wessk O-H absorption maxima were ob-
served, Again, the alicyclic ueubers exhibited C-H absorption maxima but
2,3-butznedionedioxime did not. A very weak absorption maximum, appearing
more as & shoulder on & stronger absorption maximum, was obssrved at 4.53
microns in l,2-cyclohexenedionedioxiie~ds.,

The absorpgtion spectra of the nicksl (II, derivatives of 1,z-cyclo-
hexanedionedioxime, 1,2-cycloheptanedionedioxime and..2,3-butanedionedioxime
in Nujol (the ™A™ curves in Figures 10, 12 and 1L) did not exhibit absorption
maxima that could be assigned to 0=H vibration frequencies in the region
in which these maxima nommally occur. The same observation was made for
these inner-complex compounds in perfluorokerosene (the "C® curves in Figures

, 8 and 9). .

The palladium{lI) derivstives of these 3 vic-dioximes in Nujol mulls
also failed to exhibit charccteristic U-H absorption maxima, as is evidenced
by their wbsorption spectra in Figures 16 and 17.

lhe infrered spectra of the nickel(II) inner-coumplex compounds of 1,2-
cyclohexanedionedioxime dps 1l,<4-cycloheptanedionedioxime-ds and 2,3-butane-
dionedioxime~dy in Nujol in the sodium chloride end potassium bromide re-
gions are shown in rigures 10 through 15 ("B" curves in esch case). Xigures
7, 8 and 9 ("D" curves) show the spectral recoras of these compounds in
perfluorokerosene in the range of 2 to 7 microns, Again, these spectra
did not produce absorption mexima for U-D vibration frequencies in the usual
wave length region. Another purpose of obtaining the spectra of the deu~
terio inner-complex compounds w&s to @ssist in the possible location of
any absorption maxima attributed to O-H vibrations. It was assumeu that
any shift of absorption maxima that occurred between the normal inner=com=
plex compounds and the deuterio inner-ccmplex compounds would indicate that
the shifted sbsorption maxima arose from vibretions involving the oxime
hydrogen or deuteriumn ztoms. The apperent presence of C-D absorption max-
ima in the latter convounds must, of courss, be recognized. It was further
assumed thet only shifts that were common to the spectra of each of the 3
pairs of compounds would be of value in drawing conclusions as to the pos-
sible disposition of the U-H absorption mexima.
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Comparison of the 3 pairs of curves reveuled that several consistent
differences existed. In the Nujol :aulls weak absorption maxins were found
at 5.68, 5.6l und 5.6 microns, rzspsctively, for the nickel(IIL) dériva-
tives of 1,Z-cyclohexanedionedioxime, 1,<2-cycloheptenedionedioxime and
2,3-butanedionedioxime. ln each of the nickel(II) derivatives of the deu-
terio compounds these maXima do not appear. OUnly in the case of 1,2-bis-
(2,3—butanedionedioximo—ﬂ,ﬂ')nickel(II) and its deuterio derivative is
this phenomsnon noted in the perfluorokerosene mulls,

Sstrong bsorption wmexins thst occur et 6.38, 6.38 cnd 6.37 microns,
respectively, in L,2-bis(l,2-cyclohexanedionedioximo-N,N')nickel(II),
1,2-bis(1,2-cycloheptanedionedioximo-N,N')nickel(II) end 1,2-bis(2,3-
butznedionedioximo-N,N')nickel(II) in both Nujol and perfluorokesrosene
appear to be shifted to the lower wave lengtns of 6.25, 6,27 and 6.24 mi-
crons in the respective deuterio compounds, with an accompanying decrease
in intensity.

The thira &nd last consistent difference involved the strong, broad
absorption mrxime eappesring in Nujol mulls in the sodium chloride region
at 13.2 microns in 1,2-bis(1l,2-cyclohexanedionedioximo~d-N,N')nickel(II)
and &t 13.0 microns in the other 2 deuterio compounds. Absorption maxima
are not exhibited ¢t these wive lengths in the noruael compounds. The
curves for these compounds in bujol wulls with the potassium bromide prism
and window plite in this weve length region are the seme ws th.ose observed
above tor ecch coupound, except thet tre mexima tre shifted siightly be-
cause of the experiment:l error épparzntly csused by the chenge in prisms,

H. Discussion

The dbsorption maxima attributed to fundzinental O-H stretching vibra-
tion frequencies in the 3 vic-dioximes studied zre found &t wave lengths
which ere indicative of intermolecular &ssocic¢tion due to hydrogen bonding.
The same ooservutions are made for the fundementel O-U absorption maxima
in the 3 respective deuterio compounds. That the essignment wes correct
is further substantisted by the fact that the presumed O-D maxima occur
at wave lengths that closely epproximate the product of

A 0-D
A 0=l

and the numerical values of the observed wave length for the respective
O-H absorption mexima. ‘the term

o

\] A4 0-H

results from assuming that the stretching vibretions of the O-H and O-D
groups obey Hooke's lsw and thet the motions described are similar to
tliose observed for simple hermonic vibretions (5).
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In this approximation

where )f is the frequency of vibration in cmo‘l, c is the velocity of light,
"is the reduced mass of the vibrating atomic pair and k is the force

constant which exists between the ztoms., The reduced mass for the O-H

pair is 0.94 and for the (U-D pair /;(O—D =1,78. Thus

4 0-D
AO-H

equals 1.37. The observed positions of the 0~D absorption maxima, com-
pared to those calculated by the relztionship

)‘O—D (calculated) = 1.37 )\O—H (observed)

are shown in Teble 7. For the purpose of these aspproxim:te calculations
the force constants were considered to be equel for these < atomic pairs.

On the basis of these dete, it i1s not possiple to state whether the
hydrogsn bonding is to oxygen or nitrogen (O-H---0 or O-H---N} of another
vic~-dioxime molecule.

The cbserice in the usuzl weve length regicns of :bsorption .axiua
that can be attributed to fundimentel U-H end U-D stretching vibrstion fre-
guencies in the rsspective ln.er-complex compounds inuicetes thet the vic-
dioxiwe O-H or O~D groups have grestly changed tiieir identity upon forming
the inner-comglex compounds with nickel(Il) and prllediucm(II) ions., If
normal hydrogen bonding existed, as originally suggested by Brady and kuers,
the respective ebsorption maxiua should be observed. The presence of strong
absorption maxima (other then frowm Nujol, in these spectrogrems was an as-
surence that the .aulls conteined suftficient amounts of the inner-couplex
compounds to yield any possible OU-H or O-D maxime in the normal wave length
regions,

In normal OHO hydrogen bonds the O-H---0 distcnces vary between cbout
2.5 and 2.9 & (57, p.289). The equilibrium position of the hyarogen atom
from 1 oxygen atom is cpproximately 1.0 ﬁ, and from the other, between 1.5
and 1.9 &, Pauling (57, p. 311) has steted thet 2.54 & was the smallest
O=-H-=~0 bord distance known. No subseguent reports in the literature have
been found that would invalidste this statement.

Since U-H absorption wsxima zre observed in cases of normzl hydro-
gen bonding, the guestion arises #s to the nature of the O-H groups in
these inner-complex compounds., If the O-H---0 distence in these campounds
is greater than 2.5 ? it appears re: sonable to expect the O-H absorption



Comparison of rositions of Observed and Calculated

Table 7

0-D Absorption sexima
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Parent
vic-dioxime Ubserved Ubgerved Calculated
0-H 0-D A 0-D
microns microns microns
1,2-Cyclohexanedionedicxime 2.98 3.99 4,08
1,<-Cycloheptanedionedioxime 3.11 4.18 4,26
Z,3=Butaneaionedioxiue 3.13 4 .19 L .29
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maxima to be present in the usucl weve length regions. &n O-H---0 dis-
taence grester then thit noraclly &s igned in hyurogen bonding should give
rise to U-H absorption maxima characteristic of "free" O-H groups., The
logicel alternstive involves the jossibility th:t this -distence is some-
what less thin 2.5 8. The infrered sp=ctroscopic evidence coug.led with
the chemicel evidence for the lack of resctivity of the O-H hydrogens
suggests the presence of an O-H-0 structure unlike th:t observed in nor-
mal hydrogen bonding involving these atous.

It is of interest to examine the studies of Westrum and Pitzer (99)
on the nature of the hydrogen bond ii crystalline potassium hydrogen
fluoride, While there is little in common between these ionic crystals
and the nickel(II,) and palladium(II) inner-complex compounds, the current
knowledge of the F~H-l' bonds may provide valuable informetion concerning
the character of U-H=0 bonds in the latisr compounds. Infrared absorp-
tion maxima arising from "free'" F-H fundament:zl vibration frequencies
occur at approximately <.4 microns and from F-H fundamental vibration
frequenciss in (HF), polymers at approximately 2.9 microns. In these poly-
mers the F-H-—-F distance has been determined to be about 2,55 & (99).
However, in the potassium hyarogen fluoriae crystzls this distance is very
close to 2,26 8, Ketelaar (44) obtained infri:red spectral data for these
crystals as well as for potassium deuterium fluoride, A strong absorption
maximum at 6.9 microns has been attributea to the F-H fundamental stretch-
ing vibration frequencies indicating a considerable shift frow the posi-
tion of the maxima observed in the common H-F-—-H hydrogen bonds. An ab-
sorption maximum at 9.6 microns wes assigned to the corresponding F-b vi-
bration freguencies. These t¢ssignments were made by comparing the inten-
sities of the corresponding reflecticn and absorption maxima.

Westrum and Pitzer have established on the basis of extensive thermo-
dynamic data that potassiun hydrogen fluoride reaches zero entropy if
cooled to 0° K and, thus, does not contain residual rendomness. A low
dielectric constant, practicelly independent of temper:zture, also sug=
gested the possibility of a symmetrical F-H~F arrangement. rtrom these
thermodynamic, spectral and dielectric datas they have deduced that the
© potential curve for the proton in the ZfF—H—E7 ion hts & single minimum
located midwuy between the 2 fluoride atoms. Calculations of the "hy-
drogen bona" energy in F-H-F (1li4,44) have yielded values ranging from
30 to 50 kcal, per mole. Normzl hydrogen bona energy values usually lie
in the range of 4 to 8 kcal. per mole (57, p. 333).

The possibility of an 0-H-0 bond in the inner-complex compounds
which has the same generel cherscteristics ss the IF-H-F bond in potassium
hydrogen fluoride crystals does not seem unrecsonsble in view of the ev-
idence for the chemicel unresctivity of the G-H hydrogens, the symmetry
of the molecules and the spectral dute presented herein., While 3 consi-
stent maxima shifts h:ve been aetected, it appesrs unwise &t this time
to make definite statsuwents concerning the possible disposition of any
absorption maxima due to U-H and O-D fundamental vibretion frequencies.
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It is entirely possible that these maxima shifts &are not consistent for
the 3 pairs and thet ecch pair would hzve to be considered separately.
When the O-H-0 distences for 1 or more of these inner-complex compounds
is known accurately it mey be possible to celculzte roughly the expected
positions of these sbsorption maxima (99).

Indications ars, however, that the strong @bsorption maxima occurring
at approximstely 6.3 microns in each of the inner-complex compounds arise
frow C°N vibration frecuencies. 4bsorption maxima of consistently less
intensity are ncted for the various parent vic-dioximes st about 6.2 mi-
crons, which is in the region normally ettributed to CTN vibration fre-
quencies (65, p. 30). Upon forming the inner-complex compounds, the C=N
.pair undoubtedly unaergoes a change in its dipole moment which would lead
to a veriation in absorption intensity. Slight sltersations in the orien-
tation of this bonded atomic pair could accompany the formation of the
new bonds end result in the slight shif't in wave length of the absorp-
tion maxima. & reasonable explanation for the small shift of these ab-
sorption maxima cuused by the introduction of deuterium in plece of hy-
drogen in the inner-coiaplex compounas could not be found.

In consideration of the data presented concerning the possible nature
of the hydrogen bond in the inner-complex compounds formed by the reaction
of nickel(II) ions with these yvic-dioximes, the following stomic confi-
guration

\c————c/

/\ \
\\/

C—————-C

-/ N
appears possible. In normal O-H---0 hydrogen bond structures the hy-
" drogen atom with its 1 stuble orbitsl forms a covalent bond to the
closer oxygen atom and a bond that is largely ionic in character to the
other oxygen atom (57, p. 284). If this postulated s¢tomic configuration
is correct @nd the proton i1s located symmetricully betvween the 2 oxygen
atoms that ere less than 2.5 & apart, ionic bonding probsbly predominates
in the 0-H-0 structure. The proton woula act to balance the repulsive
force between the 2 negative oxygens. Une would, of course, expect the
mininum O-H-0 distance to be somewhet greater than twice the normal co-
velent O-H bond distance of 0,96 & (32). Fresumebly, the palladium(II)
inner-complex compounds would heve & similar atomic configuration,
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F. Summary

1,2-Cyclohexanedionedioxime-dy, 1l,2-cycloheptznedionedioxime~dy and
243-butenedionedioxime-ds, as well as their nickel(II) derivstives, have
been prepared. The infrared absorption spectre of these compounds, to-
gether with those of the psrent vic-dioximes and tneir nickel(II) and
palladium(II) derivatives, in NMujol mulls (renge 2 to 26 wicrons) and
perfluorokerosene mulls (range 2 to 7 microns) are presented,

The infrered spectra ot the vic-dioximes and deuterio derivatives
are consiaerea, with particuler emphasis on the O-H and O-D cbsorption
maxima. The absence of U-H or U-U absorption mexima in the wave length
regions usually attributed to vibration frequencies of these ztomic pairs
in the various inner-complex compounds is discussed. A cowparison is
made between the spectra of the 3 pairs of nickel(II) inner-complex com-
pounds which differ only by the substitution of deuterium for hyarogesn.

Arguments are presented for the possibility of an stomic arrange-
ment of 1,2-bis(vic-dioxdmo-N,N')nickel(II) compounds in which the oxime
hydrogens are locuated midway betwezn the 2 oxygen atoms. An O-H-O struc-
ture in these compounds in which the oxygen to oxygen disteance is less

than 2.5 ﬂ, is postulated.

V. SUGGESTIONS FOR FUTURZ WORK

Various studiss could be made that might provide substantizl know-
ledge concerning the importénce of the croton in the proposed O-H~0 bond
in the inner-complsx compounds. ¥While the greatest part of the stebility
of these compounds probebly arises from the presence of the 2 chelate
rings involving the nickel, 2 carbon and 2 nitrogen stoms, it is feasible
that additional stability results from the < chelste rings which include
the proton,

%illis and mellor (101) have found that ¢t lewst 1 nickel(II) vic-
dioxime inner-complex compound extiibits paraunagnetism when dissolved in
pyridine. 'lhis investigation should be extended to include more inner-
complex compounds and, alsc other cmines s solvents. The magnetic data
compared with infreresd spscirel dets obteined on the scme solutions might
indicate whether the apparent alter:tion of structural configuration is
ailued by a weckening of the U-H-0 bond caused by inter:cctions oetwezn the
nitrogen of the pyridine and the proton.

magnetic studies of the "inner-complex anion sclts' described by Feigl
and Suter (25) and Thilo and Friedrich (78) would aid in determining
whether the planar configuretion is reteained upon removing the proton
frow the C-H-O0 oond.
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Magnetic moment deta on nickel(II) complexss formed witn the O-mon-
omethyl-vic-dioximes would be of value in establishing the ztomic confi-
guration of these molecules and, perhéps, in obtaining additional know=
ladge of the importance of the oxime hydrogens. Fossible steric hindrance
arising from the presence of the methoxy groups would have to be consi-
dered, however,
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