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The work here reported has been carried
out with the ﬁ,ntentiw of extending the data on
the solubility of a salt of the type Cufe ina
polvent HX, and the effaa‘b txpan this Bolubility
of measured quantities of the sai?; Nmm This
 type of system in aaatm aem haa alraady bsen
studied by Griswal&l :!.n *i;ma 1&&@1*&1:0:% anﬁ it was
founa $hat hy* adaiticm of ammanium aaatate, a very
marked inerease in the solubility of ‘copper acetate
in acebic acld is obtaineds Obviously, this is -
‘analogous to the well known behavior of copper
hydroxide in water when ammonium hydroxzide is added
 to the systems Ih sach gase, in‘i‘act;‘ thépmblem
might be fomlateﬁ An “texms of ‘the effect of
ammonia, m{g, ‘upon. the émlﬁb;llifsy‘ of 'b‘k%a copper

k,\

Tonpublisted work
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'aainpoum , since the ﬁima&md*ammﬁium acetate might
e mgardeci siuply es a solution of emmonia in
acatia ac:‘ia‘g The fact ‘thaf:\ this similarity does
ooour in thé two systems brings up the question as
to whether this behavior is general, end if 80y to
what extents It seemed desirable, therefore, to
study the analogous system in another solvents TFor
this purpose fﬂmieaeﬁwasem:aem It s & |
considerably stronger acid then acetie acid, it can
be gme readily prepared in the pure state, and it
is a représentatiw of the simple type of s'olvejn‘t,
HX, in which we are espeecially interesbeds

The amlﬁbility of copper mmt‘e in pure
formic &ciﬁ,d hag been z‘&parbea by Kendall 'aﬂa Aﬂler?"f
to be less than 0:10 mole % at 140% No other |
work has been done upon this systems In the
present research a golubility curve fur copper
formate in formic acid has been obtained, and the
effect upon this solubllity of the addition of
definite amounts of ammonium formate has been
determineds ”In"a&ai_‘bicn, the effesct of using

Hendall end Adler, J« Ame Chem. Soc, 43, 1470 (1921).



potassium formate was observed at one concemtration
and the results cameareds S

‘Experimental Method
Preparation of Materislsi=

The formic acid was prepared by troatment
of 90 % C. Ps scid With finely powdered boric
enhydride (Be0s)®: It was Found that in the
presence 61’“ a slight excess of boric "enhyaride over
that which had been caleulated to rm@ve 't;he wate:c
present, appmximtely & week was mquired for
maximum efficiency in aahydratian. | The pemen'oaga
of water in the original acld had been praviously
determinea 'by comparing ﬁzs freezing point with
data gﬁ.ven by Fauaonf The acid was then ,
distilled and again treated ’with a small guantity
of boric anhydride. After this mixbure had stood
for three or four days the solution was sepa:aﬁ‘eﬂ
frbm the boric acld an& unused anhydz*i&é in the
bottom of the flask, and was distilled under
reduged pressures mha'vméulting aéid'ffraz‘e at from

B3chlesinger end Martin, Js Ame Chem. Soe, %f %ﬁ?
}41"0.110011, Anny chime physs (8) 18, 70 {1910)



B43°% t0. 8:5°C 4 and ' from the ﬂata of Faucan, this
- vepresents acid that is from 9949 % 1o 1&0 PUTE e
The anmmzmm formate was Q;papareﬁ by a
method similar to that ’faéfaé.ribéa 'by"amle:;* + Dry
ammonie was passed ji'zi?‘aa 100 -%“aai&funfkii complete
solidification had teken places The | resulting
substance was desiccated over 99 '%‘.éﬁimria'vacid and
the final prod&ét ‘;ga‘v?a“a”’maiting” péinﬁ of 11’?‘1 -
118° which ag:cees with that maporﬁed by Adlery -
117450, e ,
In the ‘p'::‘epamticsn“ of pure ,aapp'w fomsate
move difficultles were encountered tham with any of
the other compounds which it was ‘yx'ietsés‘sary to
prepares Basic coppar uax-banata was tz’ea‘sed with
a 50 % solution, of famiq acids The resul’cing
solution was he'a?t;aa“'i;&v”frea it from carbon aioxida |
and was then cooled, whan a hydrate of eopper
fo:cmate, unaoub*bedly, Gu(QGGH}a ‘4}1530 saparaﬁed |
outs This was dahyﬁrated in an oven at 80° for
fifteen hourss Analyses for eopper eu;;ntsat; A;m‘
the resulting product "indiﬁ&*ﬂé.&ﬁ‘&h%‘ th@f‘b’i‘igﬁt
blue compound was the neutral sai‘l:f";an& ‘that it was.

of sufficient purity to be used in the determinations.
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Later attempts, however, ‘%o prepare the neutral
selt by the same method were unsucsessfuls The
| attempts m .d‘eﬁyﬁrate the erystals that separated
from the solution upon cooling vesulted in the
darkening of the salt, though analyses at this
stage indicated that dehydration was mot completes
The substhance ~‘W§i,an ‘exanined umsr the microscope
sm%d‘ blaakim.mea{ among the bright blue ‘ém.talay
these ‘h}mkma&aéa" inereasing in mmber as the
dehydration vas centimieds The oamposition of
thig blask mbstama is :nc;'i: knowily
| M*Bw fou vms;ucaessml abtempts to

anplmata the original method, it was decided %o
‘attempt to b:fﬁ.ng, about separation of the anhydrous
salt at an 'amvaﬁéa ﬁémpamuéa and thus eliminate
the destructive ﬁehyam?bian“pmeesa*, Vass states
‘tha‘t; the annyﬁrma ssalﬁ aspamted from a ‘slowly
evapomting acid aelution of the salt in water ab
759 ~ as% sy while a dihydrate ‘saparates ouf
between 500 and 6090, The followlng method was
- therefore ,ei"aylt}yé:dﬁ;‘*]'The];c‘:rystais; '»‘gs_apgrg‘bing from

SVoss, Anne, 266, 33 (1801)



a golution ka};’i; a'h 8@‘9& + were quickly saparated from
, ‘bh@ mo‘bher Mquar, zsressea ‘between porma 4tiles and
| then zplacaa in'a arying cven at about 759 After
drying for tem or twelve hours the _reaulting bright
' blue compound was ‘énai:s’rzead ‘and proved to be pure
copper formate "iﬂigsolvea to give a clear blue
aclutian in eam watw and appaama nns.fcrm under
izhe miemseopa; jus{: ag "bhe&)méue*s in *bhe f:i.rs‘b
mebhnd of pmpa.ml:ion ‘had c‘wne. No explanat ion :lss

o available far the fact i;hai: in one ‘ease the

dehydmi: jon of Gu(mi}ma a&HﬁG pmaeeﬁe& mmlly
' whim in ell other cases 1% weas aaemnpanie& by &
chemioal change of unknc;wn na{mm &

| The patassj.um formeme was prepared by
trea'bing ‘ﬂhs 0.?; aarbona‘m with 80’ % acid a.r:_d
hea‘t:ﬁ.ng *ba expel tm carbm dloxides The “soimtion
‘was evapom'bea in $he apen for & time end then '
plaaad in & drying oven at 15090, for several daysy

. Mz the end of this perioa the melting point indica.ted

that the pmtassium formate was not yet %haroughly
dahydrateé« ccnseq,uanﬁly, 1t ma heaﬁed at a
temperature of about, 200 above the melting ;point

| of the pure salt for about an hours After this
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treatment it Waﬁ'deaisﬁa%ed We:f'g’g # sulfwic aam |
for sevmi*aays.' The £inal product melted at 1ea°c.
§1°, whieh ccsmpama favemb&.y wi%h 'bhe valua '
v'rawr&ea by Aﬂ.’i.es:, - 3.6’7 .5% - 0,5‘2 B

The mmm mmmm =

The solubzlii;y ﬁetémimtions wore made in
freesing :}th ‘izubag v;hihh ware abou“a one inch in

- dismeter and six mches 1cmg and w?nich ware fi‘hte&

with “ahsrmm'bam maﬁ si,iwer.;, in .;ueh a mamer
that maisturez Was e:x:eluaeaa An amount of solute
ywhich had ymvimusly been de‘t:emined 1:0 ‘be
. appmxta}y corr‘egiz ‘xea;x;: the amount of solvent
preaent, ﬁzas ixi%m*baiieéﬁ‘ into the tubes The tube
wag then placed in a water bath heated by a low
flame and +the mixtumtwaa eenstantly agitated by
. means of the sfirrer until eomlate solution had
teken places The tube was then cooled in a
suitable freozing bath until a finely divided soclid
phase had appeareds For thess baths & variety of
) goolin.g agents were used, d epending on the

- requirementsi ~salb anl ice mixtures, liquid

ammonie, and solid carbon dloxide in gasolines



The freezing poin‘b tube was mw plaeeé in another
| water bath an& *i;ha tamamture 0:%? tms s slowly
raiseds the mixﬁure meanwhile ‘being constantly atim:ed $
until the lest fine ,amtm“‘as;‘agppméa ¢ This
tar@eraﬁﬁré"“ was mkanaathemewingpcmt of the
s011a phases AlL points determined in this mamer
were ehaeked by mpeaﬁing the pmcedure; ' -
. The set of ﬁhemametem used  in the
experimentdl praeedure amaiaﬁe& of i:}:ree pmaiaien
thamometers of ﬁhe fﬁllwiﬂg rangest --120 to 52" f
-0 %0 me&, and =109 40 2500 anﬁ ‘one ord inary
themmometer of the rengs 00 to 200% « These
thermometers had been previously conpared et six
degree :mte'wals;mﬁ; a ae'tz of certified thermometers
calibrated by the Bureau of 's-aahaérﬁa_sg;aﬁa"ga;em also
corrected for emergent stem at thee poiniss The
precision of the thermometers in all of of the
determinat ;ions'mé' conglderably garaaﬁef than "tﬁ;ha‘
acouracy of the melting points, due in sorie cases 0
the fact that the j‘sel};av ‘pﬁaéé’ 76%&139& éenBiStadpn:Ly
of a faint eléuaiﬁéss} ‘while in other cases the aeé:} |
blue coloration of #he salutians prevented aceumte
observations.s Howsvar, the melting pointe are
believed to be reliable ta & 0.5"
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In tho @eterminetions on the effect of
ammontun formate on the solubility of cémper

| formate ; aéve?é;l Mgolvents" were made up by

diss olving :varibizs' kmm ‘amounts of \amm:mm -
formate in formic acids The solubllity of copper
famaté in these prepared "solvenis" was then
de*hemin@ﬁ by exactly t}:iéi seme proesdure as for
the solubility in formic acids |

Identification of Solld Phases;-

In mogt instences the solid i}haaes for
vhich equilibriuwn temperatures were determined
could be obtained in sufficient quantity so tha
analyses were possibles The erystals mre |
filtered off, dried bebtwoen porous tiles, and

‘placed in & smll weighing bcﬁttie‘gx These
“operations were preformed as quickly as possible
to "eliminai:é any loss of formie acid of sgz.x}aﬁ;ion,{
or absorption of molsture, before weighings |
-~ pince none of the solid phases gave a
- quelitative best for ammonia, the possible
campounds were limited to anhy&r&tis copper



~10~

' “‘ff‘bmf:e and 1ts solvatese To "&e&idé ‘which of
‘ ‘t:hesa wag presem in a particular cese, 1t was
only necessary to meke a quantitative determinet ion
of w}mém,_ %ayse-de%emimtmns,mx‘e carried ot
‘ﬁy the elestmiytié methode i E

In two of the systems which wem shudied
| it was impossible to erystallize out a sufficient
éﬁa’ntity of the solid phase for snalysiss: |
Hovever; the composition of the solid phases in
these iﬁ;s%anc@s is believed to be M‘ammiy '
fmovm, both from the appearance of the crystalline
émnvmn&é e compared with $hose in other syetems
that were Ianaﬁiygéa,;‘ and also from their behavior
in the solution, sidos o ehange in the solid
phase prosent would be acacmpaniea by e distinet
¢hange in diréctionaf"tha ’sombili‘ky isotherns
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. Besults
The Tesults "éhﬁéﬁﬁéa“ in the ‘aﬁzp‘érimental
pmcaimre are g:we:a :i.n "bhe :t’tallmﬁng wbles and
: are also presentaé gmphically 1n bhe aecmp&nving
ﬁ:i.agruma. o
Binary gyéﬁéﬁfﬁu(ﬁﬂﬂﬂjﬁ‘*fHOOCET?;\.w
8oli& phase Cu{GGGH}* (")

"CH(OQGI{)R‘% 040045 “@:&0(}&8 00086  D4O075
o 'M.55 ,;’ j“42, | _. 49 ‘  5242

. Ternary w‘S?‘G'{:em (m( ooc‘ﬁz)a - ﬂHﬁGOCﬁ ﬂQQgH

Au Mwla % mf mmasﬂ izs .mlvent = 10
,ﬁietaa‘bable wlia uhase ‘
cu(OOGH)a % m&ss m%s o.cwa 04085 0-09’?8
om0 3ms B8 #57“1 B9 41 44
by ..a‘ta‘b}.e ,,,aud phaﬁe Gu{GOGH)z o
Cu(eocma % D 0’?6 04083 040978

T 3“j§}[?ii,-*;; s

Be Mole % of ‘QH@»GQOH in Sx:mran‘i; & 19 W73 |
, umlid pha.sa Qu(GDGH):a i) Fou

Cu(00CH)® % 04819 0.399 04265
T 60 704 T2



Cs Mole % of NH+00CH in Solvent = 29475
5o11d phage cufoocH)e ¥ 213:00(::5{
culOOCH)s % 14016 ;.L;.ﬂas 14365
o £(  51@5 58*?; S ?&  N

D« :&Iale % cf‘ 1*?&60@6H in. smlvazxt; = 3:5‘54:

solid phage” cumwma . zﬁuooﬁ
samacmm % 1 179 3...:03 1.591 14880 :L.gso 24004
R o +l 3.325 BBeS 4B 44

 Ev kole % of Eﬁ@éﬁﬁ}i{ix}xfgﬂvam- e
L Solmyhase Cu (00CH)2 v 2 HGOG"H‘ o
cu{0QCH)= %"w‘liggg“ﬂ"2{£7ﬂif2;816,~’3*1$1»

The ¢opper contents determined by
analyaes of the soma. pha«es igolated in the
‘va:aicua sz&%éms?ggmpawa :in -i:he follow ng table
w:!.'th memrei:iual va&ues i‘o:-r the compounds which they

aTe thought to remresents

. Sgstem ;ﬁampaun& - Copper c'c:’xitent in %
! Experimental Theoretical
cumocm» AL % 4LeB9 %

e

—- Qu(OOGHM@BHOGGg 28 2589
Cu(000H)2+2HOOCHE 28.6 2589
Cu(O0CH)=+2HOOGH 2748 25,89

H O a



 Discussion of Results

In tha*ahava't&bla’wﬁiatzgﬁves“tha analyses
of solid yhaaaa it will‘ba natiaed that the copper
eontenﬁ of the emmyaunﬁ_assnme& to be Cu(C00CH)2 &
2 HOOCH, was found in each case taﬂbe somewhat
above the ”'thébmtieal péi‘ééxﬂéaga of c‘dpper for a
compound of that famla. This may be explained by
 the fact that the ﬁcz;wat@; is not exceedingly stable
and when cexposed 1;9 ,}"}s"}ia{g}tmsphém loges formic
'aéia,,&h;a”changé3§ﬁiﬁg“aé¢amyani¢& by & change in
color Prom the 'paz; e 'blué’*bf*&ﬁe éblv‘ate to‘ the
bright deep blue af‘the unsamvatad salts It is
therefore probable that a slighﬁ amaunt of femmia
acid might have been lost in the manipulations
succeeding the drying process and that for this
reason ‘ﬁ‘ha percentage iq:lf"ﬁéppér is higher than
it should bes | |

/in‘thé;data‘fer;jhe bin§ry‘syateﬁiit;wi1$'
be noticed thax‘qappar‘férmata“ié'Quite;ihsoluble‘
in formic~aoiﬁ;“ This'extréma‘ihsolubiiity makes
it very dirficult to secura relisble freezing

‘pointz, firet because of the necessity of waighing



minute Qaantitiéa. of the mlrt in making up the
samples and secondly, because of ‘thé dairficulty
in mbsewing 't;ha exact smlution %en@emture for
“the very thin suszmension mf the salid ;phase, ﬁhieh
aan obviously zmt aapamte oub 111 vary larga
quantity from such a dilute solution. Because of
this fact also, it was impossible to analyze
the sblid phases tﬁawaw;*,‘ :fr'c#n'ité aypeararme it
is believed %o be the unsolmted ecapper z‘;‘amate'
The ﬁat& for tha ternary sys'tem indicate
a ﬁecsided increase 5.:3. aalubility of aopper formate
with increasing aanaentrat ion of anmonium formate
in formic mia. gal\mmm ‘In the tamary system
1t 'haéi‘- been e :z:peéi;eﬂ that et a high“eaneénﬁmﬂon
of ammonium fermate, a ternazy empmma y
0&(006}:{):& o R mﬁeecﬁ . HODGH, weuld appear as
the golid yha:se,, and that the aalubil;ty» would
then decrease from the meximm reached at an
intermediate econcentration of emmonium f@mﬁeg
Sush & compound and such behavior heve beem
observed "bxr’ Griswélﬁ in the acetic aai&i’ systems
However,; in the case of formie ecid no such
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compound eould be isolated and the solubility of

cépper fomate ingreased with increasing concentration

' of ammonimm formete throughout the entire renge in

which the syatem could be ﬁonvamently stu&iad»
Sinoe the solutions becoms deeply colored as the
amount of ¢opper increases, which is yrébably due
to some free ammonia present by aissociation of
smmonium formate, it was coysidered that mosults
at :mmh ‘higher amwmratiem of ammaninm fﬁrmate
might be rather 1313%&&&% ‘bea&usa of the
dii‘ﬁoulw 01’ abagwatitm of the sa,‘mt ion
| temperatum s indaaeaf'a 'salu'l;‘im”cenﬁaiﬁing 50
mole per eam. of apmonium fsrmaiza wes pmyared,
but a%em@ts tcsecura aatisfaetary melting paints
failed fw this reasons o

Since the solubility ‘Qf"@épper formate in
‘ishe» #a‘rimus golvents varies over such & wide range
3t is convenient to show the relatious be-kween
theaes ‘golubilities by means of two aegaraﬁa graplm.
‘Figu:ve 1 shows the equilibrium eurve for cepper
fomate in pure fom&c aciﬁ and alsa in the system
whare the mola % of ammonium i’omata in the aalvent
is 10 (A}« Figure 2 shows the equilibrium curves
for the ternary sysbems &, B, C, D, and B«
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In Figum : :Lt Will be noticed that in
aystmr Ay two aolubility cuIves arg given, the one
purve mpreaenting a. m@astabla solid phage whose
aampasi‘bim :i.s um@wm :f;nth.is syatem, if the
melting poimz Was datam:tned by raising the
temperature directly from that of the froezing
bath, the metastable phase would give a definite
melting point; hﬁ‘b occasionally after this point
wag xemhe!d“am':thé solution haa'éiaaréa,f 1t would
suda,aniy become cloudy again 111&1@;1%@3 ?bhat the
stable phase had come out of ‘;sbliiﬁiori; This phase
dﬁ.asalvm : aﬁt; a 'c‘:onsi&@rabiy highef 'témperature, r
Ir the aolﬁi;idh frm which ﬁz‘y‘@ﬁ&iﬁha& been
‘fromn out, waa an&& to a%m& for some time
‘bei’ere taking tha melting pain‘o, mzly the higher
of tha two pain*ta could be ebtaiﬁaa 5 indicat ing that
a ﬁmmiﬁmn o tlw nore sﬁa‘bie phasa had aecur:ced,

The m&m stable of the phases wes analyzed
and is avidently the &nselvated copper fomate.
The other modifi@at ion emxla nai; be ‘secured in
auffiaient c;uanti't:y for ahalysis; 'but it is
poseible that 1% is simplar e éifferen{; erystalline

form of tha same compaundm
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A In the tema:ry system mmtain:mg the next

s iiigher c@nceni;ratim of" ammanmm formate: in “ohe

‘ "smlvemxf’, B}, the golid’ p}aaae was not secured in
L ;La.rge | .euauga quant ity S.c}:r snalysiss However, a
- comparison of the chlox of the #0114 phase
- separating cau‘t: “in this solution with the anhydrous
_copper formate found in system A, end with the
disolvate of the copper saly found in solutions
‘eontaining’m;ghéf c hﬁ:ﬁéﬁ%ﬁ&ﬁioﬁ&* "of"*anmomum |
formatey ma to the' ezmclusicm ‘that the solid
fphaae 3,31 B wem ‘ctne wmr aompound; Vore
 evidence in fava:r: of *bhig aeczaian is availa‘ble
if we consider 'the igotherm \shawing the change
in solubllity of copper formate with increasing
concentration of ammonium formate in the solvent
- at 50% @his jgothern 1s ‘illustrated in Figure 3.



 Figure 3
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| The values for the solubility of ‘eopper
formate, expressed in molecular per cemts are
plotted as tsi’;a»;j:i::fﬁ;:!,1:«-1‘%1;.»:13a&s‘f‘ apgainst the molscular per
cents of ammoniun formate in the solvent as
aﬁs}ﬁissa@.'i’ The solubility values rdr;eapper B
formate at 500G were obbalmed by extrapolation
of the experimental ciives of Figires 1 and 2,
where these curves d1d mot already eross the
500 axlss Sincs the curves are regular and
nsualiy extend to ’ﬁi‘bhiﬁ"a"féw&égrees of this
miat this exﬁr&p‘clétmn was considered
sufficlently acourates Figure 3 indicates an
abrupt change in solubility with change in solid
phase, es the ’@emén‘i‘;a‘ge'bf'amonmm formate
| inereasess As long as the solld phase is
ou(00CH)2 the s olubility inereases practically
as a straight line funotion with respect to the
percentage of amonium formate, but when the
golid phase chenges to Cu(00CH)2 + 2 H 00CH the
golubility increases very sharplys The fact that
the solubility of the solid phase in B does not
coincide W th the solubility of the disolvate as
indicated by the curve, but does :éﬁiﬁéi&a with



the solubllity of the unsolvated salt, leads to
the mncliisiaxz "&}i_ﬁtfbtf'thé? s0lid phase is the latter.

Ammaniate& Gopper Fama%ez-

it was ment ioned earlier in thia discussion
that the t.amary compoudd {kentaining copper formate,
ammonium formate snd formmie acid could not be
ifsaiated in this systems To ‘bes'ts" more thoroughly
Awhé*;her or "n'czt’k':ﬁn ‘amﬁni ated copper formate
exiaﬁea, :%.1; was decided to attempt pass ing dry
ammonie ,m'az@ aphyamua copper formates A quantity
Qf copper ‘fﬁmw“ma{”bbﬁseéuen'biy“placed ina
U-tube and emmonis gas from liquid amonia thet
had been treated with metallic so_clmg was passed
over 1%, ;pa‘:ec‘saﬁtians being taken 80 that the
moisture of the atmosphere was excludeds The
U-tube wes immevsed in an ice bath in order to
raaiiitétel absorptiam After ammnie, ‘haa ;passed
thmugﬁ fora shum: period of time, the copper
formate begen to lose its deep blue color end
took on a lighter, purple shada‘a;""in' some portions
of 'hhé tube %he absorption of emmonia was s o great
that drops of é.zmlut jon of the salt in 3.iquid‘:
ammonia collected on the sides of 'the mﬁe « This



=23

Liquid ’zihasé d’ia’appé&ré&”whén' the tube was allowed
to atbain room ten@emtureu The &hange in cbior
”waa aacmmpanie& by & decided inecrease in volume,
end these facts aaggtasm@_thaz pmhab‘;y & compound
"had‘ formeds To ?&’:’éify thﬁ.a peinﬁ a quantitative
test was un by aaing & welghed quantity of
Qappex‘ :famate anﬁ recoré:tng the gain in woight
as ammonie ‘was pasaeé mer it« I‘b was ‘found thet
the ahawptimn eacuwea veory rapialy a‘s first but
‘aftar emﬁm ia had been pasged aver the substance
fw sweml days the ra:te ‘hed ﬁeamased until it
wes negligﬁ,bla»@ ‘mﬁ.a is olearly shcmn by the
fact th&‘% during the ;ﬁ‘ixfst teﬁ\ hours & sample of
oopper formate wolghing 44658 grams absorbed
1‘."0:9‘7" grams of amﬁiémia',' ‘while in the lasﬁ" ten
hours ¢ the rang it gainad only 011 gram. At
this point a tobal mﬁ‘ 2,028 ‘grams af monia had
been absmrbaéf. The fina:‘!. pmduqb therefare
rep:t‘esem;s a aampeun& aanta:&ning kN mola of
Cu(00CH)2 to 3494 moles of EﬁS, end this is
‘believed %m be suffiaieﬁ{: evi&enea fcxr assigningv
1::3 the aampaunﬁ, the farmula cu(OGGH):a v 4 NHa.,



~24

<, M: ‘l;hia xmsmt :H:: may be of iutarest to

5 m'ké tha#; theam seemex to be aome comon ::elat ion

‘; a:x:ia‘l: ing be‘bmaxz *the number caf malea ef selvent
'&aken up by a male E?f aapper i‘cmmi;e in 1ts

| ,varioua salutian.m 1t was menmonea earlier that

4% forms two. hyﬁmtasz Gu(GQOR)E . 2 HeO and

cu(ﬁ%ﬁ)a 5 4 Ham The mmar aorreswnﬁs ‘%o
_k:the salva%:e ab‘tainad 1n 't;ha fomia aci& sys‘bem:
Gu(QDGH)a ‘ 2 EOQGE, an& 'hhe 1attez* is related to
'bhe ammuniaﬁed camnaunﬁ whese preparat :lan is
deseribed abwm | ’ngwma % 4 FHs.

Gémpariam; between solvent sotion of po tassium
© formate and ammonium formatet- -

- An imemsting @hammenon af which no
, agaeial. men‘i:ion hag hitherto been made is the
- despening of colox of the sdlutions containing
copper and ammoniun formates When the temerature
was relseds The usual blue of the ﬁ‘apper ion
 ‘which wes ahsaﬁéd” in $he ’ﬁé’i&{aﬁiutien echanged
to the deep "ﬁhﬁraatérisﬂtiéi bluish ‘purpie :oi’ the
aopper ammmnia :Lon in waker, whanthe solution
 was heated to @ tempemwre of abcut‘ 900 or 1000.

Indeed in the more aonoantrated golutions of
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| - armonium :f?anaai;a tha ealo:z* tenaea ‘toward this shade
of blue even a*i: eminary ‘Lempara‘buresu ‘The seme
| behavmr ‘was mentianaa grevioualy for acetic acid
mmtima ana ‘has heem furt:ﬁar studiea in suoh
soluﬁmns by Gri,svwlﬁg |
: Ném 5.r we eaneiaer the water system, the
R ,salubilﬁ:y »::f.’ eap;:er hg*ﬁraxiae is attributed to
the format icm nf the cmyyer amnania ion made
zmssihle by tha fagt ‘hhat ammonium hyﬂroxiae is.
hlgh‘ly da.ssmimed :in‘m ammzmi& am mtera In’
the fmrmm and aée‘bicﬁ aas.ﬁ systens, hcweveze, s.tnce
an increase in snlubilmy of the eopper ‘salts '
is observed even at tempemmres sa 1cmr that only
a aligh‘b ﬂissmia’cion of the anmonfum salt into
fammo:iia and the acm aan aeeur, the inez'easa in
vsalu‘nili‘t:y msﬁ ‘be af:tribateﬂ to scma cther :
factors neaal:&.ing 'kha as’;’fea‘b of a strong base on
an amphm:eria hydrm:ide and the mnsequent
solution of *t:he h:;&roxi&a, it may not be
unreaaanable to suppose t:hat in the gystem under
cons i&em‘{;iﬁm, amionium formate may bs a

€A, Wy Davidson, J» Ams Chems Soul, 50 1890 (1928)



wela%ivaly strong base and may aism lve the
goppeT fmmmsa by virtua of seme amphoteria
“ 'pmper‘hiea af *i:hm; ‘salte In :ﬁ‘acﬁs eonauctivity
”meaauramanta%n smmtians af the metal formates
in :fwnﬁa aai& an& of monium famate show that
| amamum fama%e i8 even mmf*a hﬁ.gh:!.y cimscemted
that pumeamm fo:c*mte end the fambes of the
'mher aikali metais; mi“bra’niona in acetic aold
using, pﬁtassinm acatai;e am’.i ammnnium acetate as
‘ hasas ind im*ba that thaix* ’haaia s%renghs are
‘ 'sremr ne&fly the samega T

In cwrder 1;@ fore thamnghly tes'!; this
bypathesis s a scmﬁ,@n of pm‘cassium famate in
formic acid ms pz:apemd and M,«s salvem aetion
; upon co;gper famaﬁe nokeds 3:1: wasz foum’;l that at
& tempwa ture beiow 60‘3 a zscwlutmn sontaining
34.4 zncsle pem aenh of poﬁassim fam&té\in .
farmie acid dismlve& 0«36 :wle per cent. of
; ceppex* foma'ke‘ ?rom ‘{:ha ¢ume of Figure 3, i{:
oan ‘be estimated that a:t: this rsonc%ntrat:ton or
mmonium i‘orma’be 1n :rca:rmia acm ) one ww_m
expeot ’(:ha.t "aolvent“ to &issolve 0...:‘? mele

7%32%6‘1162 1 ri aiﬁ mne‘gi%?‘me gé*%g'chgmém’g‘e%ﬁ‘i
=]
wer}s 1() les 1 or gna %%e:ra s

8Dy Norria Ts Ha:ll in privaté cmnmunieation with
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- per aemn ai‘ aap:ge:e fomate 'at 509 This ind:toatas
© that so far as *t;heir eﬁ'eai: in increasing ths
salubiiﬂ;y of copper mmtza in famie aoid i
c;anﬁzemedg pﬁtaaaium formate and a:rmnonmm rox‘mata ‘
ara stmk:mgly similapd SR

' The au:wes in Pigure 2 indicate that as the
| kmﬁaéhﬁmﬁ@n ‘of ammonium ?ema%a in te "solvent"
 inoveases; mot only does the solubility of copper

formate become greater Wt the slopes of the
Zguweg alsa ‘becoms less abm:gst~ In other wards,
the aalabﬁ;li%y immaaea mc:re mpialsr with rise

in temperamm af the higher concentrations of
amoniun formates This behgvior is readily
accounted for 12 We resall that et high temperabures
‘e deep bluish purpose color of bhe solutions
indicated that sometling aﬁmgm to the copper
ammonia ion, Cu{NHs)4**, may have been presénts
It has almaay béén'mém:ieme‘a that at high
coneentrat :'i.om of ammonium formate this ﬂeep
rwlar was absemea even at room a“;enmmtures- By
iﬁamamn@ *I:he goncentrat ic;n of ammonium formatey
then, we have in reality also increased the
goncentration of ammonla, Nis, in the solution,
‘since slight alssociation of the salt into ammonia



| and formic acid evi&ently oeaurm In these more
nomem;mteé w}.utmna m*? amomum formate, the
salu}ai}.ity of copper :m;rmtﬁ ;quends, as in the
n”clza:r‘-‘ ‘é’yéﬂﬁm{uﬁéﬁ‘ | t}zé*é{;zﬁhg' basio properiies
of amcmum formate and perhapa also upo:u the
aolvem ei‘wcﬁ of ammmg ahimh latier factor
is evident only at ha,ghe;r temparamw in more .
‘dilute solutions of ﬁnmanium famata.'

‘.I‘he similarity of 'Lhe eifect of potassium
ami ammxminm f@m&%ea upon ti:e aalubs.la.i;y of
o pper formate in formio aam, brings up several
interesting questions with respect 0 basic
strengthe and mphﬁ’oeﬁsm‘ I't;' has '31131: been
shown that *bhe inemaw in solu‘niliw by the
aaait fon aﬁ:’ ammomum fm:mate cannot be due o
ey gresj:, exi:exx’c,at Low tememmres, %0 the
fmmat :toiz. of ‘a copper ‘a*mﬁé:z‘_ia ’bmnplemﬁ"‘ g
&@Pez‘ fmme my be Gmidez.’eéi as an amphoteric
au‘cétanae s & V‘cwmép’é : “t‘*fiﬁz"wméh-'we* are not familiar
in aannec'bion with coppsr &al‘f;s, an’ :inerease in
its solubility by aﬁamim r:af ‘pobassivm fcmate
is roadily aﬁcmni,e& fory: Since agrionium foma%e
beha‘xz’es in an émamg‘oué* Tanner we ‘have i‘urther
Widenee Tor belleving’ ﬁmt it too is stmngly
bagie in the fomio acid systemc T '

It hag often hean suggestea that i:E' it
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were not for the f‘aﬂt ‘that ammoniam W&roxi&e is 80
highl‘y éiswami;ed :into ammia and waﬁer in a
water aolutimn, i would be a relatively stmng base
comara!zle even o the hyc‘imxidea of the alkali
,metalsv fi’h:ls thewy might be further supparted by a
brfaaf aun,ai@amtim of thaa substituted amox;iam :
Wethyl amine is a substancs very tmeh like ammonia
except ‘*ﬁhatw’i%hfi*ﬁs‘j highey mole culai‘:{ migh;b' are
aésgo:mea‘} a mw&z{;ﬁ&&xsar Preasu e ‘and‘“a higher |
béﬁ.liﬁg pemﬁ“tﬁa‘xﬁ'mﬁéﬁiaa Als0, i‘!;s escaping
tendency :f‘mm a water solution is less then that of
ammonia, as is shown by & cﬁnsideration of solubility
data, and this weuld seem to indlieate that momo—
‘me‘"{:hyl,amoma hyﬁréxiae”has a Ms‘ser tendency | to
dissociate infjo water amd methyl swine than
ammonium hyd mﬁié into ‘%#a%ex*”ana‘ ammonias For &
given ‘mncézztraﬁicn' of amménia ‘and methyl amine

in water solutions, the latter Wolea“fhere‘fcre give
a greater concentration of hydroxyl ién’ due o the
greater amount of ‘!;he hyamxme praaent end ‘ghould
be the u‘bx’onger bases It is well known that methyl
amonium hydroxide 15 a canaider&hly stmmger base
than ammonium hy&rmida, s:f.nce it is a sufmciantly
strong base to aissolve alzminum hydmxideu Ag’

we still further inareaae the maleculaz‘ waight |
we‘should‘cont:lnue to éaérease, tﬁe escaping



i rﬁan&'ﬁemy of the amine ‘from the 'éélﬁtidn ‘ana thereby

'~.'strengthan the basie Pmﬁﬁrﬁi@Sb Totra methyl

- anmonium h,,rc'imxiﬁe is a 'very gtrong base ana ‘

- behaves like potassﬁmm hydmzrmm in water sclutﬁ._ons-&*
, f\Gemmering these faets it seens probable tu
mpposa that i:ha e%mme basie strength of these
~ solutions i1g due at least pertly to an increased
conecentration of *t;he snbstim*m& mmonium hyﬁroxme
,m the solution mﬂa pﬁsaible by au%smtuting
groups rather *tman antirely to the chemical
pmnerties of “‘these substi'bu ing gmupas In
acetic and formic acids, wh,ere ammonia ia meh
: 'mﬁre firmly held than ix; water, even tha o
unsubstituted ammontum compounds are strong
basess e | |
| | From ﬁhe abeva reagcming i*b woulé be
logical to guppose’ ‘t;hat aqtzecus a.monizm hyaroxida
would be & very atrfmg base providing a conaezﬂ::cated .
ao‘lutian of it miggh‘h be a‘tsﬁame&u Further light'
migh*t: be. thrown upan this questian by a s‘eudy 0:\?
the behavior of aqueous sciutimns of amonium
| ‘,hyarmide a‘c verzr low %emperamres& wbere *ishe
degree of aissaciatian into ammonia and water ia
”&‘dmbtless mich smller than un&er ordinary
~eonditiongs -



The sal&bili%y of eopper fcﬁmate in pure :
'formic ggid has been éetexmmnea avew a

‘Solubility curves for copper fosmete in
«salutiﬂﬁs af vari@us knmwn cancentrations or

‘ammnnium.farmate in fmrmie acid have besn

Qﬁbtainad»
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4 comparison hes beer made of the effect o
| pot essium Tormese upon the solubility of
‘copper formate in formic acid with thet

. ahs‘ema for mmm fc‘sm’ce"sﬂf'

In thﬂ course mf thﬁ investigati&n two
‘ eumpeunds have been 1selateﬁ whi¢h have not

:bean,praviaugzy rapgxtgdg Qu{ﬂﬁcﬁlx suzﬁpch

‘and Cu(00CH)s o 4 NHs:

Some speculetions have been put forward as %o

~ the basic m‘«*éﬁzgw‘bf%ammiﬁm formate end ‘the

amphoteric nature of empper formate in the

formic aciﬁ Sjﬁtﬁﬁh ,



