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188 OF LITERATURE

Encouraged by thelr suceoess in yregari&g,ai@kax

carbonyl in 1890, Hond and his coworkers, Luauger and
guineke, {67) imnediately attempted to prepare carbonyls
from all the metels at thelr dispossl. However, it was
Berthelot (2) who first announced the formation of a volaw
tils compound of carbon monoxide and iron on June 15, 1861.
Fourteen days later, on June 29, 1891, Mond and Quinoke (68)
disclosed thelr independent discovery of a volatile iron
carbonyl. Later the same year, Mond and Quincke {69) made
another report on the compound., The formula which they
published at the time was incorrsct and later in the year
Mond and Langer (86) announced the formulas to be Fe{CO)g
and named 1t iron pentacarbonyl. In 1892, Berthelot (3)
again published an srtiocle on the @ﬁ@g@ﬁﬁ@, agreeing to the
formulse sssigned %o 1t by Mond and Langer.

The sarly preparations of iron pentacarbonyl were made
by reacting freshly reduced iron with carbon monoxide.
Ferric oxide or ferrous oxalete, which had been dried, was
heatsd in a combustion tube in a current of hydrogen. The
finely divided iron thus obtained was subjected to an atmos-
phere of carbon monoxide, with one end of the combustion

tube closed, Tor a period of about 24 hours. Then the tube
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TABLE X

Reactions of Iron and Carbon Monoxide

Pa + ﬁﬁé - ?@{Qﬁ}ﬁ Room temperaturs to about 2850°C.
Ye + C0 = Fel + C ‘ 330° - 500°

FeO + CO = Po + COp | 200° ~ 800O®

FeO + C = Fe + CO Very high temperature

3Fe + C ,ﬂ,ygan /k‘»A\ﬂvary/h&gh temperature

’?aaae a&ta.giva & c¢lear indiecation that tharé is a definite
upper 1imit for the temperature at which the reaction will
proceed.

In one industrial pr@&aﬁg f0r ﬁh¢ ﬁ&nufaa$ars of iron
pentacarbonyl, cerbon monoxide is pussed at pressures vary-
.ing from S0 to 200 atmospheres over iron, ebﬁaineé:hy the
reduction of ferric oxide, which is held at temperatures be-
tween 100° and 200°C. The same results may be obtained by
the use of watazwgas, which conteins hydrogen and carbon
monoxide. The exothermal reaction between the carbon mon-
axiﬁafféﬁﬁ the iron supplies the hest necessary to maintain
the temperature r@§uiraﬁ for the production of the ecarbonyl.
The flow of gases may reach Iive hundred litérﬁ an houyr. The
iron §$ﬁ%aeérhenyi, ﬂ@uﬁ&iﬁuﬁi&é about ten per cent of the
gas issuing from the reaction chember, is condensed, and the

exgeas carbon monoxide is returned to the reasction wessel.
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The 1i§aiﬁ earbonyl is usually purified by distillatlion in
a low bolling hydrocarbon such ss benzene or kerosene, form-
ing a solution in which the carbonyl is nmarketed.

The presenee of oxygen hinders the reaction, as does
also an oxide coating on the irom. éﬁﬁitiea of finely di-
vided alumina, bismuth, nickel, or copper prevents sinter-
ing of the metal and sccelerstes the reaction., Ammonia,
hydrogen, and small quantities of sulfur compounds in the
carbon monoxide exert a favorable influence on the rate of
formation of the carbonyl.

Iron turnings and scerap iron have been utilized for the
of

comercial preparation of iron pentasarbonyl. These forms
iron may be oxidized by air, or steam, or both, and then re-
duced, either with hydrogen or directly with carbon mon-
oxide. Pyrites, FeS,, may be converted in the presence of

wood charcoal b 1000°C. into Fey0y, which is subsequently
reduced by carbon monoxide. The use of ashes to support the
metal is sald to increese the yield. Iron ores also may be
reduced by means of solid or liéﬁi& carbonacecus materials.
In these protesses, the csrbon monoxide which is formed
produces the carbonyl in one operation.

The shemists who dlscovered iron pentacarbonyl found
it was not steble in daylight but 4id not discover the
compound formed from such decomposition. Dewar and Jones

{7) studied the effect of sunlight on iron pentacarbonyl
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and eoncluded that the following eguation descrived the

reaction:

2Pe(CO) 5 Fey(CO)g + €O

He ¢alled this compound differonconacarbonyl but the name
mﬁa§ commonly accepted is iron enneacarbonyl. Two years
later, Dewar and Jones (8) published considerable data om
the physical and chemical properties of both iron penta-
garbonyl and iron ennescarbonyl. They also announced their
discovery of az third carbonyl of iron, namely, iron tetra-
carbonyl. The formula given was ?asiﬁﬁ}lg indicating a
polymerized compound.

Iron pentacarbonyl is a elear, colerless liquid;
kawgv&f; the presence of small smounts of the snnsacarbonyl
frequently gives it a yellow or orange color. The iron
enneacarbonyl is aﬁ/ar&nga@raﬁ erystalline compound and the
tetracarbonyl is dark green and of erystalline form. Dewar
and Jones obtained a dark green colored body when a
solution of iron enneacarbonyl was heated and assumed that
the rmxlawﬁngfaéaatiaavﬁaﬁerihﬁé the reaction:

¥e[{C0) g Fe{C0)g + FelcO),
Garratt and Thompson (16} found that in light of wave-
length shorter than 4100%., that is in the violet and
ultra-violet raaga; iron pentacarbonyl decomposes toe form
the ennsacarbonyl. They ﬁugg&at the following ﬁguaaiena

for the reaction:



F&(SG},& * F‘%((}@}g——-—? ?&ziﬂﬁ)g

Freundlich and Cuy (13} became interested in the
compound in 1923 and confirmed the work of Dewar and.Jones.
They found that iron pentacarbonyl reacted with ilodine in
sunlight or in slcohol solution. Iron tetracarbonyl was
prepared by the sctlon of heat or alkaline reagents on the
pentaecarbonyl.  They concluded that iron-carbon monoxide
complexes are stable only in alkaline solution. VWorking
with Malechow, Freundlich {14) concluded thet iron tetra-
c&?bémyl immediately polymerized to & melecule contalning
three iron atoms. This report relates a methed of forming
the tetracarbonyl by the agtiea of alecholates and subse-
quent neutraslization of the pentsearbonyl. With
Wosnessensky, Freundlich {15) prepared ferric oxide of
colloidal particle size from iron pentzcarbonyl.

_K@@k and Stuhlmann published a series of three pupers
{49, 50, 51}, sterting in 1928, covering the reactions
of 1r&n pentacarbonyl with meroury salts. The following
equations are & summary of the reactions they were able
to carry out:

Fe{CO)g + 2Hgll, + H,y0 = Fe(C0) Hg,Cl, + GO, + 2HCL

Fe(CO)g + HgSO, + H,0 = Fe(CO) Hg + Hy80, + CO,

?a{&ﬁ}s + ﬁggﬁﬁé + ﬁgﬁ = ?@{Gﬁ)%ﬁg + GQE + EQSG& + Hg



Fe(CO) Mg + 41 = Fe(C0), I, + Hegl,
2Fe(CO) 5 + Hg(CHyC00), + 20H,O0H = 2Fe{C0)y-Hg(00H,),
+ 20HLC00H

None of the compounde is partiocularly stable.
Fe(00) ,Hg,Cl, can be erystallized from acetone but starts
to decompose with the liberation of carbon monoxide below
140°C. Neither this compound nor Fe{CO) I, 4is stable in
the presence of white light, the latter decomposing to Fel,
and CO., This work is interesting in connection with the
discoveries of Hieber and his associates in their extensive
study of the reactions and derivatives of iron pentacarboayl.

Mention of compounds of the type in the preceding pare~
graph immediately causes speculation as to the structure of
the compound. Mond {63) proposed a ring struoture for iron
- pentacarbonyl in 1893,

ce—-co
re co
\ /
c0—-C0O
Hond's Ring Structure
Armstrong (1), Gladstone (17), and Friend (12} substantiated
this structure but the evidence to support it was not strong
since there had been little research done on the reactions
at the compound. However, it is sigpificant to note that as
saxly as 1896 da Bilva {74) did not agree with Mond and
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and offered the following structure instead

co

He later indicated his belief that the carbon atoms do not
form & chain but are @aa&&s%&ﬁ directly to the metal atom.

Werner, in the publication of his theory of codrdina=-
tlon compounds in 190¢ (8l), gave irom pentacarbonyl the
following structuret

co

Fe ¢o
G0

p—

co
GO

R

Wernex's Goordination Strueture

L. iond (65) agreed at once with Werner's idea for the con-
stitution of iron pentacarbomyl, but in a report in 1830, his
son, Robert L. Mond {64), refers sgmin to evidence favoring
the ring formula. Manchot and Gall (6C) worked with the
carbonyls and found evidence to support the codrdination comw
pound theory. Hanchot sdded additionsl evidence while worke
ing with the nitrous oxide compounds of iron whleh he found

very similar to the carbonyl compounds in many resctions (58).



Jo ayed eyl JO IOUCP SV S0V PUD WORE TRIOW OUY YIIM
NUTY S3PUTPICOD ¥ SEIOJ @PIXOUOW WOQIROs SYUG UOYN *pesusipuy
81 uePLixo pue woqIise vSemleq puoq OTATIF Oyl SIouM “wmm,&a
iptitndy *sieam gaaxmﬁ.w@wm@ﬁ@maﬂk 8q Asw epIXOUOH ﬂaﬂmwm Jo
uopadeouos oTUOILRTS oYL * (4C) OpPIXOUCW UOQYIBD JO SINIONILE
»mﬂ_kg\hkaamw g  JInESuerT U3 IA Ucweosdv uy osTe 97 MeTA BSTUY
szoyossed eyq Lq pus ‘spuoq 6wy JO SIUBASUOD 89303 ouy LAq
fuoTyBHIOI M@,&»@@m;wﬁ#,h@ ‘saousqsip olmogexesuy Lq * {oxez
Lyxveu axe [yoTym) sriucqiws teoTrgemuis oUyy Jo sjuemow eTodip
oTIgoeTe Aq pegoddns ©F MOTA STUL .Mwwm& ey Uy uworsysod
UOTIBUTPIQOC 8uc 201dnoo0 PuUB JOHOP UOXLOBTE aﬂwamﬁ @@ﬁﬁ#@&& .
uogqrwe 3943 4no jutod (g4} Aevyed pue orafplg -sef qreuy
axeu Yy JO WO3¥W Y] £v Jequnu oums eyy ‘xefwl Ieyno ey ul
SUOX100Te ueejud(e easvy 1 STLvoqIes wnuepglrom puv ‘TOXOTU
‘mOIT JO SOTNOSTOW U3 2RUS BOPT (98) ©,ITNEHUBT WOIF SeETLw
sTAuoqIes ogg JO ©In3onI3s eyy 03 sv Lroeyy Jsyjoue TTILC

BIngondly U0TIoUIDIgOD ¥,300ouny

&
o
L

L
L2
-

“ . &
Budng
#e
-

1IBROTTOZ
gIoqedTg80AUT S0IUL e88Ug Jo Axoeyuy eyg Furjuvessadex
VIMEIO] TRINGONILS UILDOW SJOW 8] *40UOUBH PUB JOUIon YITM

quemesxde UT oXem (¥ ‘TP ‘$R) SeqvIo0Ss® BIY pu® IeqelH

...,.,MM.#



slectrons, the structure of such a bond may be represenited
pimilarly: :0::0: gr'gsﬁzg, It is not clear whether the
carbon monoxide is cocordinceted through the carton atom or
through the oxygen atom. In any event, the HM:0:::0: group
must be co-~linear, otherwise rotation of the groups would
give rise to an electric moment. /Siaea carbon monoxide
will replace water or ammonis from complex compounds, the
cobrdinste link of carbon monoxide to metal must be by
aesans of a single electron pair. Furthermore, Raman spactra
data have shown that in the metalllc carbonyls, the carbon
is joined to the oxygen by & triple link. In view of these
facts, Sidgwiek regerds the structure MiC1:1:0: as reasonsably
well established. |

Blanchard end Gilliluend (5) in 1926 suggested a
cagréiaatiﬁm gonpound structure for iron pentacarbonyl and
found evidence from the carbonyl hydrides, which had not
heen discovered at the earlier date, to support sueh a

structure {(&6). Blanchaerd's formuls is

Blanchard's Structursl Formuls

In general, the Werner-Hiseber-ianchot theory of structure,

so called by Trout (78}, has the support of the majority of
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the workers in this Pfleld today. Studying the magnetochemical
properties of iron carbonyle and similsr compounds, Klems,
Juocobl, and Tilk {53} confirmed the cofrdination structure.
Graffunder and Heymann {18) measured the dipole moment of
iron pentacarbonyl and their results support the theory that
the carbon monoxide groups are not symmetrically arranged
apout the iron atom.

Eyber {10) studied the photochemical decomposition of
iron pentacerbonyl and agreed with the equation of Dewar
and Jones (8) which was given previcusly. Eyber {10) in-
vestigated the absorption gpectrum of hexane solutions of
iron pentacarbonyl and found stromg absorption of light of
wave lengihs bhelow a%amws The &@an&ﬁ@mwwmaw of the vepor of
iron ww&aﬁmwwwamww ww light of wave lengths over wmmaw was
noted. The wnw%wﬁﬁ gfficiency was 2. Thompson sund Garratt
{16) were ip agresment with these investigators on the wave
length of light which cauped the decomposition but felt that
the absorption of light was through the carbonyl radiocal,
Without considsring the correctness of either of the two pro-
posed mechenisms for the photochemical decomposition of the
gompound, the work does indlicate that elther the Werner-
Hiebor-Manshot theory or the Blanchard theory of structure
is correct since it is Wﬁw%@ﬁw that one, snd only one, of
the carbonyl radicals in linked differently from the other
four. wwﬁwm&mwwa we can possibly represent the composition
of this coordinated compound by the formula, /Fe(ce), 7CO.
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The chemical reactions of the iron carbonyls have been
studied quite extensively by Hieber and his assoclates. One
of the compounds which they formed is iron carbonyl hydride,
Pe(CO) jH,, (29, 31, 48). This is a very volatile compound,
boiling at ~70°C, and the vapor decvomposed rapldly at atmos-
pherie pressure, It is prepared by the action of bases on
iron pentacarbonyl and then distilled ﬁf% in a high vacuum,
Hiebar explains this reaction by statiég that carbon mone
oxide coordinately bound to salts or metals is highly re-
active and is essily oxidized in the presence of alkalies

Fe(0O)y + 20H = GOy + Fe(CO)H,

Iron carbonyl hydride or iron hydrocarbonyl is a eoclorless
liquid. It is a strong reducing agent and readily decom-
poses when in the pure form %o give the pentacarbonyl of
iron and the tricerbonyl, or its polymer, with the libere=
tion of hydrogen. At room temperature, 1% is a light yellow
colored 1lioquid having an obnoxiocus odor. In air it explodes.

Iron carbonyl hydride was prepared by reacting barium
hydroxide or iron pentacarbonyl. A4After the reasction was
complete, the hydride was distilled from the amixture under
& pressure less than one millimeter. Hieber also prepared
this compound by the reaction of sodium methylate on iron
pentacarbonyl, as shown by the following reaction:

Fo(CO)g + CHyORa + Hy0 = Fe{C0), Hy+ CH,0+CO-0Ne



The latter compound is preeipitated by the asddition of
anhydrous ether. The reaction is dependent on traces of
water and is a sensitive test for water in methyl alechol,
Fe{CO},Hs in alkaline solution has strong r&éu@ingyaa%i@&h
on orgsnic substances such as nitrobenzene, gaiﬁﬁnwi and
dyen, sugh as indigo.

Among the other reactions investigated by Hieber end
his assoociates were the reactions of halides, hydrazine,
amines, nitriec oxide and some organic sulfur compounds on
the pentacarbonyl and tetracarbonyl of iwéa {19 to 48 inc.].
The halides prepared had the same structure as those pre~
pared by Hock and Stublmann (49, 50, 51) and were considered
of the type Fe(C0) X,. The structure and volatility were
accounted for by the assumption of a symmetrically closed
electron configuration. Hieber made & study of the heats
of resction of chlorine, bromine, and iodine with iron
pentuearbonyl. These halide derivatives lose carbon monoxide
&t room temperature and ave desomposed by water. If they
are heated in the presence of ammonia, carbon monoxide is
eliminated and hexemmine-ferrous halides are produced.
Amines, a&&eﬁalgzvaatarﬁ, aldehydes, end ketones cause de-
gomposition of these salts and light csuses c¢omplete alimipa-
tion of earbon monoxide,

The work of Hieber and his sssociates with the reaction
of iron pentacarbonyl with smine was confined %o ethylene~



disnine, ortho phenanthroline,:nd pyridine. They referred
to the products of thesse resctions as complexesz. Due to
thelr insteblility and the difficulty in isolating these
products, the results along this line were not very satis-
factory. They found that ethylenedlismine formed an

addition product with irom pentacarbonyl, but in the 9xéaa
ence of pyridine, the ethylenedliamine substituted for the
garbon monoxide. When iron pentacarbonyl was heated with
pyridine in the mol proportion of one to four at 80° teo
85°C, for & period of time from B0 to 60 hours, di-iron
tripyridine tetracarbonyl was fﬁﬁ&@ﬁ; Light incressed the
reaction veloeity. The pyridine ia the above compound

gould be substituted by amonis and the carbon monoxide could
be substituted by the metion of halogens and nitric oxide.
‘They found that iron tetrscarbonyl was more reactive with
pyridine than iron pentacarbonyl, Blanchard {4) in a re-
view article lists several complexes formed from irom penta-
oarbonyl with pyridine, ethylenedianine, and ortho phenane
throline.

- Hieber and Sonmnekalb {41} studied the reaotion between
hydrazine and iron pentacarbonyl. They obtained from this
resction a blood red sirupy a&i&@ia@ which ¢ontained color-
less yrigﬁa%ia‘aryaﬁals:nr semicarbazide, On treatment of
this sirup with an aold cerbon monoxide and hydrogen were

evolved. 1If the dark red sirup was extracted with ether, iron



&atr&a&rﬁaﬁyl,waﬁ obtained.

Menchot {58} reported on the similarity of nitrosyl
and carbonyl compounds of iron. Manchot and Epk (59) pree
pared iron tetranitrosyl, Fe{N0)y, by carefully heating
Fe{C0}g and NO under pressure in an autoclave at 44-45°C.
It 1s a black orystalline substance which fumes ia the air.
Manchot and Gall (61) studied the reamction between nitriec
oxide and iron pentacarbonyl at room temperature in the
presence of methyl alcohol. They obtalned a black, unstable,
microorystalline substance which they suppossd to have the
following eomposition FeNU-nCHLOH. It éaaemyéaaa on contact
with air end loses part of the combined methancl at 80°C and
the remeinder above 200°C, Hond (70), at an e&r&ier ﬁata,
hed reported on the rsaﬁtiaa of nitrie oxide with iron
ennsacarbonyl. He reported the formation of a red ligquid at
?G*ﬁ. having the composition of ?ﬁﬁ%*ﬁ?@iﬁﬂig. ﬁ&ﬁax&oﬁ and
Hieber (22} passed nitric oxide gas into a mixture of ixaﬁ
pentacarbonyl and iron tetracarbonyl at 95°C. in an atmos~
phere of nitrogen for saﬁéwai hours. They reported the find-
ing of a solid which they obtained by filSering through a
porous glass plate and then fractionsting by steam distilling
under reduced pressure. The s0lld they obtained had a melte-
ing point of 18.5°C., a vapor pressure of 4.5 mm. at 0°C.,
and a density at 18°C. of 1.568. It started to decempose at
185°¢, in vecuo and was rapidly oxldized by air.
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Hieber and Spaou {44) made a study of the effect of
organic sulfur compounds on the carbonyls of iron and
cobalt, They report the farﬁatiaﬁ of the following
compounds from the reaction of thiophenol with iron tetras-
carbonyl and ethanethiol rsscbing with iron snneacarbonyl:

?a{fz@}é + H3Cglig = Fe{C0)z.5C,Hs + CO + 1/2 Hy

Fo,(00)g + 2H3C,H, = [Fe(CO), .80, 7 + 3C0 + H,
Hieber and his sssociates (28) also describe the reaction
between the ﬁiearbgnyl compounds of ferrcus halides with
dithioglycol ether, &ﬁﬁéiﬁszﬁﬁlg. The product obtained
was supposed to have the Tollowing formula:

F@{ce}gzz.ﬁgﬁétﬁﬁgﬁﬁla. The stability of the compounds

diminished in the order of iodide, bromide, chloride.
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TABLE IX

Some Properties of Iron Carbonyls

Compound

Pe(CO)y

?&g(ﬁﬁllg

Discoverer
and Date

Color and
Biate

HMelting
Poiant °C.

Boiling
Foint °C.

Vapor
Progsure
mite

Bpecific
Gravity

Temperature
of Form-
ation

ﬁaéam@en
sition

Berthelot
{¥ond) 1891

Water-clear
- liguid

-19.8°
104.6°

25.9 at
18.1°

1.453 at
3@0

173° at
200 atn.
{Mond)}

by light.
To 00 and Fe
above 130°

Gelden or
orange-yellow
hexagonal
plates

Decomposed
at 100®

Tot meagurable

£2.085 at

ig*

Li%nt on
?a,ﬁﬁ}5 at

room temp.
{dond )

To Fe({CO0)g,
¥e, and CO
at 100, To
?ﬁ{ggngin
soln, at 285°

Dewar, Jones
1908
Dark green

tables with
sguare borders

Decomposed

1,996 at
me

From Feg(CO)g
at 60°
{Dewar)

To Fe and CO
at 180°

The metal carbonyls early attrscted tﬁa attention of

investigators in industrial laborastories, who have secured

& ;&rga number of patents covering propocsed uses of these

compounds.

Alshough only & few of the suggested applications
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of iron varbonyls have become important sconomieally, in~
terest in the compounds continues and we find a number of
patents conoerning them lssued each year. 4 great deal of
study has been made of the use of iron carbonyls ss anti-
knock agents in fusls for internzl combustion englnes. De
Langeron (54) published on the uses of iron pentacarbonyl
as ap antiknock egent in 1927. The compound wes then ﬁaiﬁg
sold under the trade nams “"Hotaline" in Cermany. He ocould
find little difference betwesn iron pentacarbonyl and tetra-
ethyl lead as an aat&kaﬁe&; The chief difficulty in the
way of substituting iron pentacerbonyl for tetreethyl lead
iz the sensitivity of the iron pentacarbonyl to light.
%@&gy (57) made & study of staebilizers whioch would decrease

or step the photochemical decomposition of the carbonyl. He

reports that none of the so-called inhibitors have proven
s&tﬁsf&aﬁary@ He also finds that iron pentecsrbonyl is the
meost important of the three carbonyls of iron as an antikuoock
agent.

Congiderable dlfference of opinion is found among the
in?aa%igﬁﬁaxa concerning the affects of the residus laft in
a motor when using iron yaaﬁ&&aﬁbényl in $he fusl. Lechy
states clearly that iron pentacarbonyl does not 1@&?@ any
harmiul deposits in the combustion chamber of the motor.
Trout {80} reported a privste communication from T. Ai. Boyd

of the Gﬁﬁﬁrﬁl<%ﬁ%ﬁ¥5 Corporation claiming th&% the deposits
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in the cylinder head first affeet the spark plugs and Tinally
get into the lubriecating oil leading to undue eylinder wear.

hs sarly as 1892, Berthelot (3] mentioned the possibile
ity of preparing iron with & very high degree of purity from
iron carbonyl. ©Since that time, there has been some men~
tion made of this in the foreign literature but very little
work has been done along this line in the United States.
Howsver, in the June 25, 1941 insue of the Fews Editlon of
the american Chemical Boelety, page 723, there is a notice
that the Ceneral Aniline Works at &r&&aszli, Wew Jersey, is
now produeing esarbonyl iron powder. Thie iron powder is
destined principally for use in sleotrical devices. Mittasech
{62) described the process of preparing finely divided iron
and its properties. Iron pentacarbonyl decomposes at atmos-
pherie pressure st temperatures raning from 140° to 160°C.
Deconposition at this temperature, however, leaves rather
large amounts of carbon-oxygen ﬁﬁm@&ﬁﬁéﬁfiu the finished
product., Mittesch found that an iron of much higher purity
could be prepared by decowposing the iron pentacarbonyl at
a temperature of 250°C. Iron prepared in this manner oon-
tains no metel impurities, but does zontain about one gér
gent of carbon, being purer than iron prepared by meny other
processes. The electrical and magnetic properties are
superior to those of electrolytic iron.

In his book, P
uses of finely divided iron very thoroughly. Some of the

-

owder HMetallurgy", Jones (52) covers the
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more significant uses will be mentioned., Perhaps the out-
standing use %o which iron powder has been put is in the
mapufasture of molds for metal and plastic cesting. The
powder can be sintered in such & manner as to make almost
any Segree of porosity and extremely high thermal conduo-
tivities. iolds of such materials are superior to sand molds
in strength, speed of molding, &ﬁﬁ freedom froa surface con-
tamination.

Porous iron catalysts have been prepared by the thermal
ééa&my&siﬁi@a of iron pentacarbonyl (9)}. It is possible to
menufacture porous iron plates with ninety per cent porosity
by first heating powdered iron in an oxidizing atmosphere
or mixed with some ferric oxide at about 600°C. It is also

possible to reduce oxides af‘aﬁrﬁmgﬂm, tungsten, and silicon
by mixing them with powdered iron and heating in a hydrogen
atmosphere. FPowdered iron is also especially valusble in
the production of magnetic steels. Welding rods of superior

guality can be manufactured from iron powder, due to the
absence of forelgh metals.

Patents have been taken out for quite a varied list of
uges of iron pentacarbonyl. One is the preparation of
hydrocerbons by heating the carbonyl in hydrogen. Due to
the decomposition of iron pentacarbonyl in the light, a
process utilizing this faet has been patsnted for the manu-
facture of blueprints. The paper is soaked in iron penta- |

sarbonyl whieh forms & brown deposit of lron ennsscarbonyl.
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This deposit is turned blue by‘washiag with a slightly aeid
solubtion of potaessium ferrocyanide, forming insoluble
Prussian blue, Another unusual patent is for the use of
metal pentacerbonyls, or their decomposition preducts, as
plant stimulents. The patent suggests that the carboanyl
may be either added to the soil or to the seeds of the
plants, and that it may be used alone or in fertilizers.



IIT. ENPERYMEETAL

As Frepesrastion of Iros Pentsearbonyl for

warbonyl wsed in this experimental work
wag purchused from the Ferrolise Sales Compw
Bhreveport, Louisisna. This
pentscarbonyl snd salling it es en antiknock sgent in the
1, most of which was

ny Ingorporated,

sompuny is mepufecturing iren

motor fwel maz

They use & high grade of purity of iy
imported from &

and obtaln thelr cerbon monoxide by
the reduction of carl

zation of dry-~ice. The curbon
200* to B00'C, snd cozpressed to about 700 pound
par sousre inch. It is then passed dowpwsrd over the crushed
&t & consbant temperaturs of about 300°C. by means of & jucket

sonozide L2 prebesied from

B prespure

iron in & verticsl tower. %This resastion tower Is m

removed fyrom the

of stesm soils. The iron pentacarbonyl s

onoxlde entering

chanber by the constant stresam of carbon =
the chasber, . The carbon sonoride which falls to reaet is

r%irmmﬁmé through the pre-~hesteyr spd Tinslly re-suters

the resction chamber,
The iron pentaoarbonyl is purvhased in %im cane o guart
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size. HEvery effort must be made to avold exposure %o the
light in order to avoid the dscoumposition into the enneaw
carbonyl. The iron é&ﬁ%ﬁé&rhaayz’waﬁ distilled before
using in the experimental work and only that amount to be
used at éﬂﬁ% was prepared as it decomposes on standing. The
condenser, receiving flask, and connections were of glass
but paisted blaock with a thick oil paint soc as to exclude
the light. The distillation flask was heated in an oil bath
snd the distilletion conducted under a reduced pressure,
obtained by & water pump ¢onnegted %o the receiving flask.

In between the pump and receiving flask wes connected a gas-

wash bottle econtaining & small amount of sulfuric acid. The
purpose of this was Lo absorb any uncondensed vepors. The
water pump was reguleted so &s 10 give only a slight re-
duction in pressure und a uniform w&ﬁé of flow of bubbles
through the acld in the ges-wash botile.

The temperature of the oll bath during the distillation
was kept at a vemperature @rrilﬁﬂ to 120°C. The iron penta~
carbonyl distilled over at 103® to 104%C. It had s slight
orange ¢olor due to traces of the enneacarbonyl and the
residue in the distilling flask cconsisted of a black crusty
deposit of iron. At the end of the distillstion, the black-
painted veceiving flask was disconnected and stoppered.
Quantities of 80 to 100 milliliters were distilled at a
time.
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B. Btudy of Bolubilities

In atudying the solubility of various substances in
iron pentacerbonyl, & small quentity, usually 5 milliliters,
was placed in & test tube and the other substance added in
small amounts. The test tube was then stoppered and the
mixture sheken before making further additions., If ths iron
pentecarbonyl remsined clear, the substance was considered
soluble in the iron pentacarbonyl. A record was kept of the
amount added until the formation of two layers or a clouwdi-
ness was observed in the carbonyl. This work wes done in &
darkened room to avold as ﬁﬁﬁﬁ‘ﬁeﬁﬁm§ﬁﬁiﬁi0@ of the iren
pantacarbonyl due to light as possible.

& ii@uiﬁ substance was considered soluble in iron
pentacarbonyl if ﬁgﬁai volumes of the two formed & clear
mixture and 4id not separste intc layers. Any soluble
amount less than the volume of iron pentacarbonyl used was
considered as partly soluble., In the cass of sclid substances,
& very small amount was added aaﬁfﬁha mixture well shaken be-
fore further edditions were mede. The amount added until a
eloudiness was produced or untlil the substence remalned un-
dissolved was noted. In some cases a very evident reaction
took place, such as the formation of & gas, & precipitate,
or a desided change in color.

This study of solubilities of chemical substances in



- 28 -

iron pentecarbonyl has been made using 258 different com-
pounds and elements. It was necessary to use anhydrous
subgtances because water is not soluble in iron pentacarw
bonyl and any water present affected the solubility.

The results of the testing of the solubllities of the
different substances are given in Table III. The resulis

have been groups in the following divisions: soluble,

partly soluble, insoluble and reactive. The compounds have
been listed in seetions consisting of similsy types of

sompounds .



TABLE IIX

SOLUBLE
Acetie aeid ﬁﬁ.ﬁé&ﬁ
hcetic enhydride {5ﬁ
Butyric aecid ﬁﬁ@
Caproie acid CHz Qﬁ
Isobutyric acid {6E3} » %ca
Isovaleric acid g} E~ «GOOH
Propionic acid ﬂgg HpCOOH
Valerio acid ﬁﬁgiﬁﬁg}gﬁﬁﬁﬁ

Butyl aleohol
Hexyl aleohol
Isobutyl alechol
Se¢.~butyl alechol
Tert.-butyl alecohol

Allyl ethyl ether
Butyl benzyl ether
Ethyl ether
Igoanmyl etheyx

Amyl acebate

Benzyl formate
Beta~bromoethyl acetate
Butyl scetate

Butyl benzoute
Diethyl oxalate

Ethyl scetate

Ithyl aceborcetate
Ethyl benzoate

Ethyl chloroacetate
Zthyl chlorocarbonate

- 29 -

CHy {CHp) oCH,0H
azi {a.ﬁ ), ﬁag&;;z
{ﬂﬁs)?ﬁﬁ*ﬁm OH
Gl OF - GO Cly
{CHz) 5COH

S$K§’ a*ﬂﬁg*aﬁﬁﬁ
{CHg) 50
(CgHy ) 50

CHzCO0~CH-Br.CHy
CHG00 © g

50000 7,
(Go0c 555)
ﬂﬁgﬁ@ﬁﬂ zﬁg
ﬁﬁgﬂﬁﬂﬁzbﬁgﬁgﬁﬁ
00006
%ﬁgﬁl*gﬁaﬁgﬁg
3335 «0.0{0})01



- B0 -

TABLE III (Cont.)

Acetone
Acetophenone

Bthyl methyl ketone
Parabromoanisole

Alphac¢hloyonaphthelens
Benzene

Bromobenzene
Todobenzens
Hitrobenzene
Parabromoechlorobenzene
Petroleunm ether
Toluene

Turpentine

Allyl bromide

Amyl oyanide

Butyl bromide
Butyl chloride
Carbon tetrachloride
Chloroform

Ethyl bromide
Bthylene bromide
Isopropyl bromide
Hethylene bromide
Hitro methane
Propyl bromide
Sec,.~butyl bronmide
Tert.~butyl bromide
Tetrachlorosthylene
Trichlorcethane
Tristhyl smine

SOLUBLE

ﬁﬁg*ﬁﬁ*@ﬁg
ﬁﬁﬁ*@ﬁ‘ggﬁg
G i C0+0H

gmg? o1
Collg

CgHlsBr

CgHsT
CgHgNO,
BreCgH, -C1
Csflg = Caflyo
G5Ol
1016

CH,: CH- Qﬁgﬁf
CgHy 1 ON

G HgBr

0 4HgCl

ﬂ@l&

CHOlg4

3335331»

ﬁgﬁg uﬁﬁt'@ﬁs
fﬁﬁﬁg}sﬁﬁﬁ
ngaf&ﬁlg
CClg+0ly

Cﬂgﬂﬁigﬁ-
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SOLUBLE
Arsenic trichloride hslly
Carbon bisulfide C8y

Phosphorus trichloride BGls

PARTLY SOLUBL

Benzoic acid CglisCOOH (very slightly)
Uleic acid 3&?ﬁ$53$53 {1 ml. in 10 mi,)
Stearic acid ﬁxgﬁggcﬁﬁﬁ {very slightly)

Ethyl alechol G Hg OH {0.5 ml. in 10 ml.}
Isopropyl aleochol CHpCHOH-CH; (2 ml. in 10 ml.)
Propyl alechol CagHpOH {2 ml. in 10 ml.)

Azobenzene CoHgM:HCgHL (0.2 gm. in 5§ ml.)
Chloroagetophenone CHxCOCeH,CL {very slightly)
Diphenyl emine {ﬁéxf,} 2HH  (slightly)
¥aphthalene l!!i {slightlyé
Orthobrome-anisole Br-CgHg+OCHs (0.5 ml. in 5 ml.)
Perabromo-aniline BreGgH,-NH, (very slightly)
Parabromochlorocbenzene BreCgH,+Cl (0.5 gm. in 5 ml.)

Antimony pentachloride
‘Bromine

Chlorine

HBydrogen peroxide (30%)
fodine

Hitrie scid (econd. soln.)
Phogphorus tribromide
Sodiun peroxide
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TABLE III iaent,)
BRACTIVE

S8tannlc ohloride SnCly
Sulfur monochloride 5501
Sulfuric asid {conc¢.soln.) HoS0,
Thionyl chloride 80 Clp

Acetaldehyds CHxCHO
Amyl bromide GgHyyBr

Benzaldshyde
Ethyl sulfate
Paraldehyde

Allylenmine
Apniline
Butylamine
¥thanolamine
Ethylamine
Diethylamine
Dinmethylanine
Hydrazine
Methylamine
HMethylaniline
Peraphenetidine
Phenylhydrazine

Aluminun

CeligCHO
(CpHy) o8B0,

ﬁﬁag&ﬁ*ﬁﬁgﬁﬂg

ﬁﬁ@‘@ﬁﬁ*ﬂﬁgﬁﬁ
CpligiHy

(CgHg) NH

(OfLy) g
Ny - 1y
ﬁaﬁﬁ'@*ﬁaﬁé M
Gl * I+ KHgp

Aluminum chloride 4101,
hmmonia ‘
Amnonium acetate
Ammonium bromide 4 BY
Ammonium hydroxide HE 0H
Ammonium thiocyanate NH,8CH




¢

BHOOO“HD 9127907 EMTPOS
B BEOTPOS
Curren epTURPOY
Yoy 84BITNS TMIESVLIO
3 (000) Y% e3uTeYId PTOE UMTESRIOL
So1y 998POT UMTESVL0]
HOX opIxoIpLy IMISFBI0J
u0%y 81RUCGIRS WNTSER0J
Loaay 21BU0Iq EMISERI0L
o%net-foonzt. Y04y pIow oTpaAToucudsoyg
Gad g eplIIns=ued snroydsoyg
Sxgs epTROXqTIY Snioydsoug
Yoafy (ousxe) pyow oTIOUdSOUd
Soon (epTapiyuw) pTow oTPAATON
d18ay ePTPOT SNOINDISH
Yooy 99BITUE SnOINOJSN
S1o9y SPTIOTYD OTINOION
3y Lxnszep
ag (xepmod) woxy
HOH {sr8 Lxp) eprurvio veloxply
TO0H {888 £Lxp) epiaorus usBoapiy
SN0 epTwBBL)
Yoeno eaBIINg oTidny
onn epIxo otadnn
£oxp (epTapiyue} piow olwoOIYD
S1ow0 8DPTIOTUD WMTOTRD
foie mmtoTeD
SogkH piow ofIog
Stote OpTIOTUO YINWSTH
3 (o )ee epIXoIpAY WmLIRG
EoCey {epTaphyue) Prow ENOTUSSIY
g(9¥%u¥o)yae  egvasawy wnyssegod Luowyguy
£1oqe OPTIOTUDTLY AUOWTRUY
FIENTORNT

{*3u0p) III TTEVL



- 34 -

TABLE III (Cont.)

ANSOLUBLE
Sodium smalgan Ha-Hg
Sodium bismuthate HaBilx
Sodium cyanide Hall
Sodium hydroxide HalOH
Stannous chloride SnCly
Sulfur dioxide £50g
Thorium nitrate Th{NOz) 4+ 12H0
Titanium trichlorxride ?iﬁls
Uranium scetate {ﬁﬁgﬁﬂﬂ}zﬁﬂz*aﬁge
Zine an
Zine chloride ZnCly

Aaetyl salieylic neld

Tartaric acid

Qﬁﬁ%~£ﬁﬁﬂﬁ}-@fﬂﬁﬁﬁﬁ

Aminobenzoie acid ﬁﬁgﬁﬁgﬁévﬁﬁﬁ&
Chlorobenzoic acid Cl-Cgl,y«COOH
Citric acid ﬁgﬁ,&( Gﬁ; { Qﬁﬂﬁ} 3
Diphenyl scetle acid {ﬁﬁﬁﬁiﬁﬁﬁwsﬁﬁﬁ
Formie acid (85% soln.) HCOOH

Gallie acid {ﬁﬁiﬁ*ﬁaﬁg*SﬁQﬁ
Glycollie aocid Eﬁg{@ﬁ)ﬁ@ﬁﬁ
lactic aoid CH, » CHOH+COOH
HMaleic acid HCOC .CH3 CH.COOH
‘Malonie aecld CHp(COOH) o
Hitrobenzole scld KQq~0gH, «COOH
Oxalic acid foeleics PN
Pslmitio acid Cq5HzCOCH
Phthallie acid CgH, (COCH) 5
Pyruvic aeid Qﬁﬁ*ﬁﬁcﬁﬁﬁﬁ
Balleylic acid HO+CgH, «COOH
Suecinic neid (CH,CO00H) »

HOOC+ { CHOH) 5+ COOH
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INSOLUBLE

A1yl alcohol CHy» CH- CH50H
Benzyl aleohol ﬁsﬁﬁtﬁﬁgaﬁ
Benzohydrol (Cgls ) pCHOH
Cinnamyl aleochol Cglig» CH: CH-CH,0H
Ethylene alcohol CHg t CHOH
Ethylene glycol HOCHg* CHoCH
Bugenol 1, 4, 3 Gl « CgHe (OH) (OCH;)
Glycerol CoHg (OH)
Cuaiacol CHgO+Cplly - OH
Methyl alcohol CHxCH
Naphthol (alpha) CyoflgOH
Phenol CgHlyOH
Propylene glycol Gﬁgﬁﬁﬁ(&ﬁ)»sﬁzﬁﬁ
Pyrogallol CeHa(OH) 5
Quinhydrone Cgllg*0n+Cgll, (CH) 5
Resorecincl {meta) Sﬁﬁﬁ(ﬁﬁ)g
Butyl nitrite Qﬁﬁgﬁﬁa
Isoamyl nitrite {ﬁﬁg}gaﬁ'cﬁgiﬂHgﬂﬁeg
Paranitro diphenyl ﬂ%ﬁsfﬁﬁﬁ4'ﬁeg
Paranitrophenol ﬁﬁg 51 -Gﬂ
Ascetanmide CEE.GQ %ﬁg
acetyl paretoluidine CHzCONHC gl 4CHy
Ascetanilide Cglly + HH«COCHy
alphanaphthylaaine CqpHighiy
l-anino anthroquinone FH,+CgH, (bﬁiz‘ efly
Amino azobenzene

hydrochloride Qﬁﬁﬁuﬁzﬁaﬁﬁﬁ&-ﬁﬁgtﬁﬂl
2~amino S-azotoluene

hydrochloride HCL - ﬁﬁgiaﬁs) Cglig s HsN-Cgll, « CHy
Benzene sulfonamide ﬁﬁﬂs %Qg-an

Benzylaniline 06H$~?H»uﬁ sagﬁ
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TABLE III (Cont.)
INSOLUBLE

Benzyl=phenyl nitroscamine
Ghloramine 7 -
Chlorozcetanide
Dleyanéianide
Dimethyleglyoxime
Formanmide
Hexamethylene tetramine
Hydroxylamine hydrochloride
Hetanitroaniline
Methylamine hydrochloride
Methyl bromide (25% soln.
in CpHgOH)
Urtho-nitroaniline
Purs-~amino acetanilide
Para-amino scetophenone
Para-amino azobenzens
Pars-amnine biphenyl

Para~emino dimethylaniline
hydrochloride

Parabromoacetanilide
Parebromodimethylaniline
Paraiodoscetanilide
Paraphenylene diamine
 Paranitroacetanilide
Paranitrosthylacetanilide
Paratoluidine
Phenyl~alphanaphthalene
Phenyl-hydrazine hydroe
chloride
Phthalimide
Guinoline
Thicacetanide
Triethanoclanmine

C gl » H{HO) OH, 4 C gy
CHy o Cglly Sﬁg’ﬁiﬁl}%&
CHpUl.CONHy

HHg. G { + NH) NHON
iﬂﬁﬁ)giﬁg‘(ﬁﬁﬁ3a
HCOONHg

Cgfy2ly

HH,OH.HC1
NOp.CgHy.NHp
ﬁﬁggﬁgpﬁﬁl

CHgBr

ﬁﬂaasﬁﬁéﬂﬁﬁg
WHp«Cglig » BH.COCHz
gﬁgu@gﬁﬁgﬁﬁﬁﬂg
HHpoUgHy«H:N.Cglly
@3&&»@&&4;%33
ﬁﬁg;ﬁﬁﬁg‘ﬁ(ﬁﬁgzgaﬁﬁl

E?aﬁéﬁ&‘ﬁﬁgﬁﬁﬂﬁg
3?%&6&,%:}»‘3{@5’5} b2

I.0gH, HH,COCHy
HOp.CpHyNHL,COCHy
HOp,Cgly . N{Cols ) (COCHS)
CHz.Cglly Nip

CgHy « HHL. N, HCL

CgHy (CO) oHH
CoHnpl

OHg . CS.NHg
H{CHpCHgOH) 5
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TABLE III {(Cont.)
INSOLUBLE

Hitrourea HHp 00, THL.HOg
Thiouresa HHp.C8.HNHp
Urea NHg . CO.NH,
Dextrin ( aﬁglgﬁﬁ ) %
Levulose Cg Hy20s
suerose c lEﬁc‘i’:B{}ll
Anthracene Cﬁﬁﬁ.(SH)ggﬁﬁﬁé
Benzoin Cglin« CHOH.CO,Cglsg
Diphenyl sulfide {c@ﬂg}gs
Formaldehyde HCHO
Potagssium ethyl xanthate Ggﬁﬁﬂﬂﬁsx
Quinone CgHyg0p
Sodium valerate CHz. (CHg) 5+ COONa
Vanillin Gﬁgﬁiﬂﬁ)ﬁﬁﬁg.ﬁﬁﬁ

an effort was made to see if some of the substances

which remcted with iron pentacarbonyl, or were inscluble in

it, could be digsolved in a 1i
iron pentacarbonyl.
to the iron pentacarbonyl and

of the mixture was observed.

quid which was soluble in the

The resulting solution was then added

the extent of the solubility

Butylemine, allylemine, diethylamine, ethylaniline,

methylaniline, paraphana%iéin&, and phenylhydrazine, all of



which form dark red liquids with iron pentacarbonyl, are
soluble in sther. %he solutions of each of these in ether
was sdded to lron pentacarbonyl and the mixture shaken.
The pane reaction toock place as without the presence of
ether. However, the dark-red iigﬂid 41d not sepsrate but
instead & uniform mixture of all the materials was obw
talned. Zthanolamine, which reacts with iron pentacar-
bonyl, was dissolved in chloroform and this solution added
to the iron pentacarbonyl and the same reaction took place
ag without the presence of chloroform. 4uinoline, which
is insoluble in the carbonyl, wes dissolved in ether and
the resulting solution was found %o be solubls iIn iron
pentacarbonyl. Triethanolasmine, which is insoluble in the
a&:@gﬁyl, was dissolved in acetone and the resulbing solu-
tion zdded to a sample of iron pentacarbonyl. The tri~
abthanolanine remsined inscluble and separsted Trom the

mizture.

C. Resctions of imines and Hitrogen Compounds

with Iron Pentacarbonyl

1isber and Sopnekelb (41, 42) report on the reaction
of @thylanaéi&mine and ﬁydxazin@ with iron pentacarbonyl to
form & blood-red sirupy solution. This investigation was
.axtamaaﬁ to & large group of asuwines and related compounds.

Tﬁﬂﬁ@\%ﬁiﬁh reacted with the carbonyl are listed in Toble III
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under the reactive group of compounds,

The reaction between iron pentacarbonyl and normal
butylamine is exothermic and 1t is neeé&s&ry to cool the
rescting mixture with tap water. 7o 20 milliliters of
iron pentucarbonyl were sdded small portions of buiyle
amine until a total of 10 milliliters of the amine was
added. The mixture was thoroughly sglitated and frequently
cooled during the process of nixing. & total of 12.5 milli-
liters of a thick, dark-red liquid was obtalned which
separated on top of the iron carbonyl. Ammonis wag evolved
during the rsaction. TﬂiS‘ﬁark~réﬁ 1iguid was removed by
means of & geparatory funnel and treated with a fresh 10
milliliter portion of iren pentacarbonyl. The excess care
bonyl was removed and this step was repeated six times.

The dark-red substance was apalyzed Tor iron and
nitrogen. The iron was determined by dlssolving the sample
in hydrochloriec acid., A few drops of nitric acid were
addsd to oxidize the iron. The iron was then precipitated
as ferric hydroxide upon the &&&i%iﬁa of ammonium hydroxide
and filtered on ashless {ilter paper. The precipitate was
‘jgnited to constant welght and welghed as ferric oxide,
from whieh the percentape of iron was deternined.

he nitrogen was determined by ueans of the modified
Kjeldahl method. The sample was dissolved in 25 milliliters
of coneentrated sulfuric acid to which wes zdded 10 grams
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of anhydrous potassium sulfste to reiss the boiling point
of the acid. A few crystals of selenium oxide were added
t0 aceslerate the gxﬂcaﬁs of digestion. The mixture wes
heated until the liquid becamse clear, showing that the
sample woes completely dissolved and the caurbon hed been
oxidized., The scid golution was allowed %o cool and 100
miliiliters of water were added, & little at a time and
with frequent shaking, and cooling the flask under the tap.
To the ool mirture were sdded 100 milliliters of a satu-
rated solution of sodium hydroxide so as to form a separate
layer snd not mdx with the acid solution. A smell plece
of paraffin was added %o prevent foaming when the two
leyers were mixed, The flssk was then connected to the
distillation apparatus and the seld solution mixed with the
bage by a gentls swirling motion. The ammonie was distilled
over into 50 milliliters of standsrd 0.1 ¥ hydrochloric acid
until sbout helf of the solution was distilled. The excess
acld was nﬁen titrated with a aﬁ&a&&x& solution of sodium
hydroxide, using methyl orange as an indicator. A blank
was run on the reagents at the seme time. The percentsge
of nitrogen in the sample was calculated from the anount
of ammonid.

From the percentuges sf'iran and nitrogen in the sawple,
the rotic of the atoms of the two slements was caloculuted.

This indicated the mol ratioc of the carbonyl snd =aine in



in the substance.

Since this dark-red liquid is quite viscous and sticks
to the walls of the separatory Tunnel, efforts were made to
find other nmeans cf se@ﬁraﬁiﬂg it from the sxcess carbonyl.
No solvent could be found that would dissolve one and not
the other., 4 definite separstion could not be obtained by
cooling the mixture with ice or solid carbon dioxide.

This dark-red product formed from the resetion of iron
pentacarbonyl with an amine was apparently not affected by
%§g§t but dld deconpose on axg@&ﬁre $0 the atmosphere. The
é;§@1@$ were welghed in small stoppered dbottlesg,which could
be put immediastely into the dissolving acid upon removal
of the stopper. The substance decomposed upon heating and
did not have & definite bolling point. Ifforts were made
to distill this dark-red liquid under raduéeé,prassura but
even then decomposition took place,

This study was repeated on the products of tﬁé reaction
between iron pentacarbonyl and ethylamine, methylamine and
hydrazine. The hydrazine wss prepared from hydrszine
nydrate by mixing 100 grams of the hydrate with 100 grams
of sodium hydroxide (in pleces the size of a pesa) in a dis~
tilling Tlask which had & long side tube. The mixture was
heated on an oil bath so that a temperature of 113°C, was
attained in 2 hours. 4t this point, the temperauture of the
bath was further raised to 150° and ﬁha anhydrous hydrazine,
ﬁgg.ﬁﬁg, distilled over. It is & colorless liquld which



boils at 1135.5° C. and has a specific gravity of 1.011
at 15° €.

The analysis of the dark-red liquid formed from the
reaction of butylamine with iron pentacarbonyl gave 8.57
per cent iron and 8.56 per cent nltrogen which gi#as a
proportion of the atﬁms of iron to the atoms of nltrogen
to be in the ratic of one to four. The percentuages of
gach of these two elements confirmed thé compound to have
the composition represented by the formula, F@(Gﬁiﬁ.éiaéﬁé)gﬁ%.
The Hinsberg test using benzenesulfonyl chloride confirmed
the presence of a secondary amiga. The following equation
is proposed for the reaction since asmmonia is evolved,

HE

?a(%@}ﬁ * ﬁﬁéﬁg

2 3

= Fa;{%}g.aw%}i@gﬁi + 4NH, + 200

The dark-red product from the reaction of ethylanine
with iron pentsecarbonyl gave un snalysis of 9,02 per cent
irvon and 9.15 per ceant nitrogen which is & retlo of one
atom of lron to four atoms of nitrogen. The percentages of
the two elements would indicate s compound of the type
represented by the formula Fe(C0)5.4{(CgHs;)sN. Caleulated
from this formula, this compound has 9.33 per cent each of
iron and nitrogen. The rsaction could be represented by
the following equation:

Fe(CO)g + 12C HglHp = Fe{C0)5.4(CgHg)zR + 8iHHg

Constant results were not obiained for the percentages
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of iron and nitrogen in the dark-red product formed by
the resctions of methylamlne with iron pentacarbonyl.
Zvidently the compound was unstable.

Hieber and Sonnekaldb (41) report the reaction between
iron pentacarbonyl and hydrazine %o form a blood red sirupy
solution which contains colorless yriémaﬁic erystals of
semlcarbazide, NHpNHCONH,. This result was checked by
treating & sample of hydrazine with an excess of iron
pentacarbonyl. The mixture obtalned was analyzed for the
percentages of iron aﬁﬁ nitrogen. The anslysis gave 16,25
per cent of iron and 13.61 per cent of nitrogen. These
percentages give & ratio of 1 to 3.34 of iron atoms to
nitrogen atoms. IP tha dark-red liquid was an zddition
compound of the type rspr@saﬁ%@é by the formula
Fo(C0) 5. MHNHCORH,, then the cercentage of iron would be
20,6 and the nitrogen 18.8 per cent.

The product from the resction bhetween iron pentacar-
bonyl and normel butylamine was treated with oxygen by
bubbling the gas through ths liguid. The gas was collected
in a gas burette having a leveling tube and an analysis
made for carbon monoxide, carbon dloxlde, and oxygen. The
gases Irom a measured volume of the nixture were absorbed
in suitable reasgenis in Hempel sbsorption plpettes contaln-
ing suitable reagents and the loss in volume was measured.
The ressults of the‘aaﬁlysiﬁ were computed in percentages

by volune.
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The gas mixture was rirst treated with a sulfuric acid
solution to absorb any smmonia and paseous anines. The
gas mixture was next treated with s 33 per cent, by weights,
solution of potessium hydroxide to absorb the carbon di-
oxide., The oxygen was then absorbed in an slkalins
pyrogallol sclution. This solution was made by dissolving
2.5 grams of pyrogallol in 100 milliliters of a potassium
hydroxide solution of a sgpecific gravity of 1.55. Lastly,
the carbon monoxide was sbsorbed in an acid solution of
cuprous chloride., This solution was made by dissolving 18
grams of cuprous chloride in & %élati@a of 30 milliliters
of concentrated hydrochloric scld mixed with 60 milliliters
of water. Copper wire was pluced in & stoppsred bottle of
the solution and the solution was not used until it became
colorless on standing.

The resulbs of bubbling oxygen through & 5 milliliter
sanple of the compound formed from butylamine and iron
pentacarbonyl, ?@(ﬁﬁ)ﬁ.étﬁ4ﬁg)2ﬁﬁ, are'givaﬁ in Table IV.
The first 100 milliliters of gas collected is called
sample I, and samples II and IIT refer to further samples
obtained by tresting the same sanmple with more OxXygen. The

figures given refer to volume per cent in the mixture.
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TABLE IV

Sample I Iz III AVe

Soluble in HpS0,

{KHy, Amines, ete.) 1.0 G.0 0.0 0.33
Soluble in KOH
(COy, trave of Fe) 4,5 2.5 7.6 4.9
Soluble in slkaline
pyrogellol (Op} : 71.5 84.7 82.3 79.5
Soluble in CupCly
(Go) 16.4 8.8 5.5  10.2
Volume of sample
left 6.6 4.0 3.6 4.7
Total 100.0 100,00  100.0

C. Resaotions of Oxidizing and Reducing

Agents on Iron Pentacarbonyl

& powdered form of iron, called carbonyl iron, has been
reported by Yittasch (62). It was produced by heating iron
pentacarbonyl to arcund 250° €. In an effort to producse the
iron in & pure form from the pentacarbonyl by some method
other than thermal decomposition, a study was made of the
gffect of oxidizing and reducing sgents on iron pentecarbonyl.

Dry sulfur dioxide gas was passed through iron panta-
carbonyl but no resetion could be observed. The sulfur
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diloxide was prepsred by the aection of concentrated sulfuric
acid on sodium sulfite znd the pas was dried over concen~
trated sulfuric seid.

Hulfur mﬁn@ehlﬁriﬁa; B8901p, and thinoyl chl&riﬁ%,/
8001, were tried with the iron carbonyl. Zach of these
liquids was f@an&v%@ be extremely resctive. When the vepors
came in contact with the vapor {rom the iron pentacarbonyl,
& dense smoke was Tormed vearying in color from yellow to
brown. Uhen either sulfur monochloride or thionyl ehloride
is mixzed with 1ron pentacarbonyl, & hesvy yellow 10 brown
vapor is formed which settles over the apparsatus and neighbor-
ing objects. Thie sediment end the residue in the reacting
mixture was Tound to be ehlorides of iron.

Anhydrous stannous chleride and titanium trichloride
do not react with lron pentacarbonyl. The anhydrous
stannous chloride was prepared by passing dry hydrogen
ghloride gas over heated tin in a combustion tube. The
anhydrous stannous chloride condensed into a white glassy
solid in the cool portion of the tube.

Titanium trichloride was prepared by &iésoiviﬁg‘me~
tallie titanium in hydrochloric ascid. The nascent ky&r&g&sl
reduces the ﬁit&ﬁiaﬁ to the trivelent form, giving s purple
colored solution of TiCly. This solution was saturated with

hydrogen chloride gas while in an ice~-salt-wabter mixzture
and violet orystals of titaniuwm trichloride separated. These



were centrifuged from the liguid snd dried cver sulfuric
acld in a vacuum desiccator.

antimony pentachloride, stannic chloride, sodium
peroxide, and a solution of hydrogen peroxide were also
uged with iron pentacarbonyl. These reagents wers obtalned
from the regular stock of the ﬁh@@ical'ﬁuyply TOOMm,.

Carbonyl iron was not obtalned from iron pentacarbonyl
by use of oxidizing and reducing sgents. Sulfur mopow |
chloride and thionyl c¢hloride are sxtrensly reactive with
iron ecarbonyl and form the chlorides of lron. intimony
pentachloride and stannie chloride also recct to form the
chlorides of iron. Stannous chloride and titanlum trichloride
do not react with iron pentacarbonyl. Sodium peroxide re~
acts only very slowly and =fter seversl hours, & small
amount of & black precipitete of iron is obtained, The
solution of hydrogen peroxide reacts slowly end after two
or three hours, a brown precipitats is formed in the hydrogen
peroxide layer. Freundlich (15) referred to this as a

ferric oxide solution.

#. Otudy of the ZBlectrical Conductivity of

Iron Pentacarbonyl

The apparatus used for the determination of the slectri~

cal conductivity was of the standard type consisting of e

¢ell for holding the liguléd, a reslsbtance box, an slectricslly
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driven tuning fork, sar-phones, and a @ha&tsﬁaaﬁ bridge.
The cell was a glass~stoppered bottle having two platinized
plates, each one aantimét&f square, and placed one centi-
meber apart. The sonnections to the pletes are m&ﬁé by
platinum wires sealed through the gl&sg‘&ﬁﬂ leading into
waells containing mercury by which aaa%%&% can be made with
copper leads 1o the spparatus.

| The eell constant was first determined by using a 0.02
molar &ﬁluﬁiaﬁ,ﬁf potassiun ehloride in the cell. ‘This
 solution has a specifie conductance of 0,002761 reciprocal
ohms ot £5° . Vhen using iron psntacarbonyl or solutions
of arsenlc trichloride, antimony trichloride, sodlium
chloride, scetlec zeid,end acetie anhydride in iron penta-
carbonyl, it was necessary to Ilncrease the known registance
to gﬁﬁ,ﬁﬁﬁ chme in order to balance the resistance of the
¢all containing the liguid, 4 decrease in the humning sound
could only then be noticed when the ratio on the adjustable
bridge was made exiremely large in order to be proportionsl
to the ratio of the resistances.

The specific @lactrical gonductance of iron pentacarbonyl
is very small. The cell constant, using a 0.02 molar solution
of potassium chloride with & specifiec conductance of 0.002781
reciprocsl cohnms, was found to be 0,347. The resistance of
nhavaﬁli containing iron pentaearbonyl wes found to be

24,700,00Y ohms. This gives a spseific conductance for iron
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pentacarbonyl of 0.000000014 reciprocal chms. & carbonyl
solution of arsenic trichloride, acetia aeid, or scetic
anhydride, or ircon pentacarbonyl containing crystals of
a&ﬁia& chloride or antimony trichloride would not show any

electrical conductivity greater than the iron carbonyl alone.

Fe. Aaction of Iron Pentacarbonyl Vapors on

Hetallic Aluminum and Ziue

Iron pentacarbonyl vapors were paszed over metallie
aluminun and sipe in an effort to determine if any reactlon
would teke place. &ince no reaction took place when the
m@tﬁls ware cold, the metals war&‘kayﬁzxﬁt in the gluss
tﬁ%&'bg means of a ges burnsr., This method allowed the
tube t0 get too hot, which caused the lron pentacarbonyl to
decompose forming an iron mirror on the W&llﬁvﬁf the tube.

The gless tube contalining the netal was then Jacketed
with & laerger size glass tube through whieh was circulated
oil kept congtant at & tenmpersture of 110°C, This tempera-
ture was high enough to keep the iron pentacarbonyl in &
vapor state and yvet not high enough %o cause it to
decompose.

The iron pentacarbonyl was heated in a flask, by means
of an oil-bath, at a temperature around 120°C, The alumi-
nuy used was in the foram of turnings and the zinc was in

the form of shot. The vapors of iron pentacarbonyl sfter
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passing over the metal were condensed in a water Jacketed
condenser.

There iz no resctlon between vaporized iron pentaw
carbonyl and metallic aluninum or zine. There wag no de-
posit of iron on the metals and no trace of aluminum or

zine e¢ould be Tound in the condensed iron pentacarbonyl.

G. Study of the Dscomposition of Iron Penta-

carbonyl to give & Deposit of Iron on Cloth

In an effort to ses if & deposition of iron could be
formed on cloth from the decoumposition of iron yaﬁtacﬁr*
bonyl, seversul different methods were tried. OUne plecs of
cloth was molstened with the carbonyl and then allowed to
dry in the air. It was agalp wetted and allowed to dry and
this process repeated several times. Another plece was
sugpended over iron pentacarbonyl and allowed to stand over
night. Another piece was suspended over heated iron pentow
carbonyl, causing its decomposition. Oxygen was bubbled
through iron pentacarbonvl in which was immersed a plece of
eloth. A piece was moistened with the dark-red liquid formed
from the reaction of butylaaine and iron pentacarbonyl uand
the cloth allowed to dry in the air.

When a plece of cloth is repeatedly nmolistened with iron

pentacarbonyl and allowed to dry in the air, & deposit of



iron oxides iz obtalned on the e¢loth. There was a@ deposit
of iron formed on the cloth when suspended over evaporste

ing iron carbonyl or even when the carbonyl was heated., A
reddish brown deposit of iron oxides was Tormed on the cloth
when a strean of oxygen was bubblaé through iron penta~
carbonyl in whieh a plece of cloth was ilmmersed, The wvapor
from this oxidation would explode and cause the irom car-
bonyl to burn. ?a{ﬁaég.afé%ﬁgﬁgﬁﬁ was allowed to evoporate
in the air on & piece of cloth and 1t only formed o tarry-

like crust and d4id not give free iron.
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IV. DISCUSSION OF RESULTS

The results of the experimental work on the determin-
atlon of the solubllities of various chemical substances
in iron pentacarbonyl show that & great meny orgunic com-
pounds and only & very fﬁw'inﬂrg&ﬁiﬂ compounds are soluble.
Practically all of the compounds which are soluble are
liquids. ©Only o few solids were found to be scludble and
their sclubilitlies wvaried from a trzce up to 0.5 grams in
- 5 milliliters of iron pentacarbonyl. The latter value is
the solubility of parabromochlorobenzene, which is the
most soluble solid found.

The liguids which =re soluble in iron pentacarbonyl
to any great extent are sll of low vi&eési%? and most of
them also have a»law density. Since water is not soluble in
iron pentacarbonyl, no weter solutions or hydrates were
found to be soluble in the carbonyl.

Only two inorgenic compounds were found to be soluble in
iron pentscarbonyl and they were arsenic trichloride and
phosphorus trichloride, Both of these compounds are liquids
at ordinary room temperature and sare not oxidizlng agents.
Liquid oxidizing agents reaet with iron pentacarbonyl te

cause decomposition.



- 53 -

No particular olass of compounds in general was found
to be soluble. The main characteristies of a substance
which is soluble in iron pentacarbonyl appear 4o be of a
physieal nature; nemely, an anhydrous liquid of low vise
cosity and perhaps having & low speecifie gravity.

The solubility of & substance in iron pentacarbonyl does
not gseem to be increased or &ﬁangﬁé by the use of a solvent
in which both the carbonyl and substance are soluble. Only
in the case of quinocline, which is insoluble, was an ethyl
sther solution found to be scluble in the carbonyl.

Practically all of the amines and hydrazines react with
iron pentacarbonyl to form an unstable complex compound hav-
ing & blood-red color. The primary amines are converted to
secondary or tertiary amines with the evolution of ammonia.
The complex compound may either be of the substitution or
addition type of compound with iron pentacarbonyl. It is
diffioult to get a good separation of thess complex come
pounds because of their instability. They are of a sirupy
sonsistency and have s foul odor. They decompose in alr and
oxygen and dissolve in kyﬁraaﬁlawig;aaﬁﬁ with the liberatioch
of phosgene, COClg. ”

The only satisfactory method of obtalning carbomyl lron from
iron pentacarbonyl is by heating the compound abovre 200° C.,
The vapor mixed with air is explosive. aay'aziﬁiaing*agant

gufficlently stron g nough to decompose the compound also



oxidizes the iron or forms a compound with the iron.

Iron pentacarbonyl 1s & noneonductor of elsctricity
and ﬁﬁlﬂti@ﬁ%yﬁf the two inorganic compounds, arsenic tri-
chloride, will not conduet an electrieal current. Vapor-
ized iron pentacarbonyl is no more reactive with metals
then the liquid carbonyl.
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V. GCOHCLUSIOHNS

1. 4 great meny liquid organic compounds are soluble
in iron pentacarbenyl.

2 Only two inorganie compounds, arsenic trichloride
and phosphorus trichloride, are found to be soluble in iron
pentacarbonyl.

3, Iron pentasarbunyl reacts with amines and hydrazine
to form a8 blood-red complex compound having a sirupy cone
sistency. The compound férmsﬁ from the reaction between
normal butylamine and iron pentacarbonyl is found to have
the composition represented by the formuls, Ea(ﬁﬁ}%;&{céﬁgigﬁﬁu
With ethylamine,the complex compound formed is found to be
Fe(C0)5.4(CpHs)sN. The reaction with hydrazine forms a mixture
of a 1&@&&@ gomplex addition compound and corystals of semicar-
bazide, NH,BHOONHg.

4, Iron pentacarbonyl cannct be decomposed by oxidizing
and reducing agents to gi#e the element irom in a pure form.

%, Iropn pentscarbonyl is a nonconductor of electrieity
and solutions of which 1t is the solvent 4o not possess
s&aﬁtrieﬁl eonductivity.

6. Iron ggaﬁa@arbaayl is eharacterized by its general
inertness. It &5&3 not resact in either the liquid or gaseous
state with metals. It is¢ decomposed by oxldizing agents.



VI. OSUMMARY

1. Io this investigation thalaaiuhili%iaa of 2562
different ahamiaéi substances in ir&n pentacarbonyl have
been tested. ;

2. A grest many liquid organie compounds were found
to be soluble in iron pentacarbonyl. These substances were
of no particular type of compound but mainly liquids of
low viscosity and low spsoific gravity.

3. A few solid organic compounds were found to be
sparingly soluble in iron pentacarbonyl.

4. OUnly twe inorgenic compounds, arsenic trichloride

and phosphorus trichloride, were found to be soluble in
iron pentacarbonyl and both of these compounds are ligulds
a% room temperature.

- 8. Iron pentacarbonyl reacts with emines and hydrazine
to form an unstable hlood-red complex compound having &
sirupy consistency.

a. The compound fﬁr&ﬁﬁ from the reaction between iron
pentacarbonyl and normal butylamine has the e@mpoaition
represented by the formula, Fe{C0)y.4(C Hg) oNH. The
reaction is accompanied with the evolution of ammonia
and carbon monoxide as is indicated by the following
equation., Fe(CO)lg = 8C HoNH, = Fe(CO) 5 4(C Hy) NH +
4liHg + 2C0




*Hotyeuoep v £q
petusduopoe yodea 84 JO HOTASNQUOD snosuejuods peshes TAuoqiwd
~gqued uoxy pIndbiT yinoxyy perqany weBLxg *eAcqgT IO *DH.02T
punoIe wumwﬁawaaaw v 9w HOTSOTdXe GUBITE ¥ YITA OaTudy ﬂﬁﬁa
IT9 ULIa poxTw Jodua €4 *OUTZ JO wnuymnTe O1TI0en U3TA
89838 Jodpa 8Y3 U 3ovel 40U PID Tiuoqimomnqued woll g
*auoTe TiucqIso
oqg uvyg A3TATIONDUOD TROTXGOETS JI09vex¥ m pey Tiuoqrmonjusd
woxy U »@ﬁﬁ@wm@m B JUTATOSSTD 4q opBEm BUOTLINTOS UL JO SUON
*I090NPUCO-UOU B PAIOPISUOC 84 Wed 37 3¥y3 A3TATIONPUOS B0
~fI3087Te aﬂwﬂ@@ﬁw %ﬁﬁ » yons g@vy Tiucqgrsowjued WO 4
| *UoILY ma» u3te punodwoo
B pewxol osi® punodwod oyl esodwmonsy ﬁw.mﬂmkam ATgustoTIIns
sualdn mﬁmwwwwxa.ma@ *UOIT guUewoetTe eex’ mmﬁ eAl® 0% TLuogrwo
-gqued UoIT oyl Iursodwmopep Jo orquduo 8I8m YOTYM pUnsI olem
gquedn Buronpel Jo JFUTZIPIZC OU UOTAwIIISeAUT SIWL VI 9
~gupzuIpiy pue TAUoqX®o oY% Jo punodwmod uwoTLIpPE Xetd
-Wo0 B PUw SPIZTOQIvOTWes Jo sTwysdlo wﬁﬁﬁwwwa@w 8INg
~XTH v swiol (iucqawoedued uoxy ‘euizeapdy uyzir o
*ujuowme JO UOIAnNIOoA® eyl Yiim outwe AIwilaeq eyuz of
pegisauce Buleq eutwe Lavwyad eys »mwmmmwmwwﬁmmmmw@w
‘ernmzoy oys £q pesussexdex gonpoxd UOTIIPPR eTgRIsSuUn
eyg pemaol TLuoqawopeeued uoxy ‘eurmeriiyse WATE 4

- 48 -



- 58 -

1. Armstrong, H. BE. Note on optical properties as indica-
tive of structure. Chem. News, 67, 153-155 (1893).

2. Berthelot, ¥. Sur une comblinaleon volatile de fer et
d*oxyde de carbone, le fer-carbonyle, et sur le nickle-
cerbonyle. Compt, rend., 112, 1343-1349 (1891).

3. Berthelot, M. Sur le fer-sarbomyle. Bull., Soo. Chim.

4, Blanchard, 4. A. The volatile metal ocarbonyls. Chen.
Rev. 21, 3-38 {1937).

5. Blancherd, A. A,, and Gillilend, W. L. The consti-
tution of nickel carbonyl and the naturs of secondary
valence, J. Am. Chem, Soco., 48, 872-882 (1926).

6. Blanchard, A.A., and Windsor, M.M. The significance
of the hydrides of the ecarbonyls of iron and cobalt.
J. Am. Chem. Soc., 56, B26-827 (1934},

7. Dewar, J., and Jones, H.C., Physicel and chemlesl
properties of iren carbonyl. Proc. Roy. Soe. (London},
764, 558-577 (1905).

8. Dewsr, J., and Jones, H., O. Action of heat and light
on iron pentacerbonyl. Proe., Roy.Soc. {(London}, 794,
66~-80 (1907}.

9. Ellis, C. Hydrogenation of Organlc Substances. p. 162.
De. Van Nostrand Co., Hew York, 1930.

10. Eyber, G. Die photochemische Zersctzung des Zlsen~
pentacarbonyls. Z. physik. Chem., 1444, 1-21 (1929).

1l. Pieldnper, A. C., and Jones, G. W, Iron garbonyls:
their physical and chemigal properties. Am. Gas.
Asgoe. Monthly, 8, 459-446 (1924).

2. Friend, J. 4. N, Theory of Valency. p. 117. longssns,
Green and Co., London, 1909. '



- 50 -

13. ¥reundlich, H., and Cuy, E. I. Uber einige ibkommlinge
und Heaktionsn des Eisenpentacarboanyls. Ber., 563,
2264~2867 (1923). T T

14, Freundlich, H., and %aleﬁéw, %. Zur Kenntnis der
. %iﬁeﬂ?ﬁrﬁﬁﬂylﬁg 4e 8ROTE. allgen. Chem., 141, 317-324
1g24).

18, Freundlich, H. and %@sﬁ&ﬁsansky, 8. Ueber Hisenoxydsole,
die aus Yisenkarbonyl gewonnen werden. Kolleid Z., 33,
222~227 {1923). '

18, Carratt, A. P., and Thompson, H.W. The spectra and
photochemical decomposition of metallic carbonyls. J.
{;ﬁeﬁiﬁ S‘{}Q‘, lg:ﬁé; lﬁl’?*'}.gsgg.

17, Gladatone, 4. H. Notes on some recent determinations
of molecular refraction and dispersion. Phil. leg.
(Ser. 5}, 38, 204-210 (1893).

18, Graffunder, W., and Heymenn, %. Dielektrizitatskone
gbante und Dipolmoment von Eisenpentecarbonyl. 2.
physik. Chem., 158, 377-382 {(1932).

19, Hieber, W. Zur FKenntnls der chemischen Reaktionen der
%%san?ﬁrbaﬁyls. Chem, Zentr., 100, {I), 2029-2030
{1989} .

20, Hieber, ¥W. Zur Charskterisierung der Eis@ncarbnﬁyl@
une ihrer Derivate. Noturwissenschaften, 18, 33-34

(1930). |
21, Hieber, W. JlNeuers Arxrbeiten aul dem Gebelt der Hetall-
garbonyle: ber Metallearbonylwasserstolffe. Z. angew.

Chem., 48, 463-464 (1936).

22, Hieber, W., and Anderson, J. 8. Uber ein fllichtiges
© Eisen-Nitresocarbonyl, Fe(CO)p (NO)p. Z. anorg. allgen.
Chem. 208, 238~-248 (1932). :

23. Higber, W., and Anderson, J., 8. Heaktionen und
Derivate Stickoxyd-substitulerte Metallecarbonyle. <.
anorg. allpem. Chenm., 211, 132140 {(1933).

24, lHieber, ¥W., and Bader, G. Reaktlonen und Derivate des
Eisencarbonyle, II.: Neuartige Kohlenoxyd-Verbindungen
von HBisenhslogeniden. Ber., 611, 1717172z (l9z8).



26,

28.

29.

30,

31.

%2,
33,
24,

35.

- B0 =

Hieber, W., and Bader, G, Neuartige Kohlsnoxydver-
bindungen von Hiserhalogeniden upnd ihre chemische
ﬁhar&Kt@?ihiefﬁn&. Zs anorg, allgem. Chem., 180,
193-194 (193C).

Hieber, W,, Bader, G., and Ries, XK. Uber Hisencar-
bonylhalogenide, 4. anerg. allgeu. Chem., 201, 3529-
336 (1931).

Hieber, W., and Becker, E. Uber Eisentelracarbonyl
und sein chemisches Verhalten., Ber., 838, 1405«
1417 (1930).

Hieber, W,, and Kaufmann, H. Zur Kenntnis des
chemlischen Verhaltens des Hickelcarbonyls in Vergleich
zun Bisenpentacarbonyl. Z. anorg. sllgem. Chem., 204,
174-183 (1932).

Hieber, w., and Leubtert, I'. Lur Kenntnis des koordi-
nativ gebundenen Kohlenoxydes: Bildung von Zisen~
carbonylwasgerstoff. Naturwissenschaften, 18, 360
361 (1931).

Hieber, W., and Leutert, F. ihhylsﬁeﬁiaminﬁuhstiw
tulerte Zisencarbonyle unﬁ eine neue Bildungswelse
?en E%ﬁﬁﬁ@&tb@ﬁ?lﬁagﬁ%tﬁﬁ@ffﬁ. Ber., 648, 28322839
(1931;. -

Riabar; Wey ond Leutert, F. Dile Bﬁaaarsaktiamen des

Zisenpentecarbonyls und die Bildung deg Zisencarbonyle

?aaaﬁiateffs, Ze anorg. allgem. Chem., 204, 145-164
1932} .

Hieber, ¥W., and #ihlbauer, F. Derivate der 4isen-
?arhe?yl mit o=-Phenanthroline. Her., 608, 1082-1089

giehar, Hey and &uhlbaﬁer, ¥, Reaktionen uﬁd Deri-
vate der Hexacarbonyl ées Chroms und Molybddps. 2.
anorg. allgenm. Chem., 281, 337-348 (1935).

Hieber, W., Muhlbauer, F., and Bhmann, E. 4. Deri-
vate des Hobalt-und HNickelearbonyls. Ber,, 68D,
1090-1101 {(1932).

Hieber, W., and Rhowberg, E., Die lletallhexacarbonyls

der Chromgruppe, ihre ﬁildangswaioe und der Heaktionge
mechanismus derselben., 2. znorg. sllgem. Chem., 221,

321-331 {1935).



36, Hieber, W., and Khouberg, E. Thermochemische Unter-
suchungen an den “etallhexscurbonylen. 4. anorg. allgem.

37. Hieber, E;, and Rhomberg, L. Derivate des Wolfraue
%@xaaﬁr%enyla, Ze anorg. allgem. Chem., 221, 349-353
1938).

38. Hieber, W., Rles, K., and Hader, G. Uber die Raum=
beanspruchung des Kohlepoxyds in seinen Metallsalze
Verbindungen und in den istallcarbonylen. 4. anorg,
sllgem. Chen., 190, 215-226 (1930).

39. Hieber, W., and Schulter, H. Blldungsweise und
Metallsalzreaktionen des Kobaltcarbonylwasserstofls.
%. anorg. allgem. Chem,, 232, 17«28 (19037).

40, IHiebeyr, W., and Schulten, H. larstellung und Zigen-
schaften des freien Kobaltcarbonylwasserstolfs. Z.
anorg. allgem. Chem., 232, 29-38 (1937). '

41, Hieber, W., and Sonnekalb, ¥, Eeaktlonen und Derivats
des Zisencarbonyls. Ber., 61B, 558-565 {1928).

42. Hieber, W., and Sonnekald, ¥, Heaktionen und Derivate
- des Bisencarbonyls, IIIr Pyridin-haltige Zisencare
bonyle. Ber., 618, £421-2427 {1928).

43, Hieber, ¥W., Sonnekalb, ¥., snd Becker, E. DLerivate
des Iisencarbonyls. Ber., 838, 973-986 (1930).

44, Hieber, V., and Spacu, P. Zlopwirkung organischer
Schwelfelverbindungen suf die Carbonyl von Blsen und
Kobalt, 2. anorg. allgem. Chem., 233, 353-364 (1937).

45. Hieber, ¥W., and Vetter, H. Zur Kenntnis der Resaktionen
'~ des Elsentetracarbonyls. Ber., 64B, 2340-2346 (1931).

46. Hieber, W., and Vetter, H, Uber Iisencarbonylwas-
- serstoff. 4. anorg. allgem. Chem., 212, 145-188 (1933).

47. Hieber, Y., Vetter, H., and Kauffman, H. Der lechanis~
mus der Zsrsebtzungsreskiionen des Blsencarbonylwage
serstofls; Darstellung von Zilssntetracarbonyl. L.
anorg. allgem. Jhem., 204, 165-173 (1932).

48. ﬁi@b&r, We, and ﬁa@rnar, 4w Thermochemie der Iisen
{11} - Balogenide und ihrer Kohlenoxydverbindungen. Z.
Zlectrochem., 40, 287-291 (1934).



49. Hoek, H., and Stuhlmann, H. Uver die Einwirkung von
Guecksilbersalzen auf Eisenpentacarbonyl. Ber., 813,
2097-2101 {1928). o

50. Hook, H., and Stuhlmann, H. Uber die Sinwirkung von
Quecksilbersalzen auf Iisenpentacarbonyl {(II Mitteil).
Ber., 628, 431-437 (1929). '

51. Hook, H., end Stuhlmann, He Uber die Hinwirkung ven
Juecksilbersalzen auf Bisenpentacarbonyl (III Mitteil).
Ber.,., %&B,’§6§Q~26%3 (1929). ,

52. Jones, W. D. Powder Metallurgy. p. 199. Longmens,
Green, and Co., New York. 1937.

53. Klemn, W., Jocobi, H. snd Tilk, W. Uber den lag-
netismus einiger Carbonyle und anderer Komplexver-
bindungen der Hisengruppe. L. anorg. ailgenm. Chem,,
201, 1-23 (1931).

54, langeron, A, de, Hanufacture, properties, and uses of
iron carbonyl. Kev. uaiv. mines, 16, 145 (1925).
%rimi?al not seen. Abstrocted in C. h., 228, 2445

1928} .

55, Langmuir, I. Isomorphism, isosterism, and covalence,
J»‘ Al}ﬁa thﬁ&a g&au‘, é};’ lﬁ&gwlﬁﬁg {lgig) c

56, Lengmuir, I. Types of valence. USeclence M. 8., 54,
59-67 (1921). |

57. Leahy, M. d. TIron carbonyl as an antikeock compound.
Refiner and Hatural Gasoline Mfr., 14, 82 (1935).
?rigi?ﬁl not seen. abstreeted in O, 4., 29, 2721
{1935) . ' ‘ ‘

58, Hsnchot, W. Die Koanstlitution der Schwefel - ‘
Stickoxydverbindungen des einwirtigen Bisens, Hobualts,
und Nickels. aAnn., 470, 261-270 (1929).

59. HManchot, V., and Ink, ¥. tver Zisentetranitrosyl.
Ann. ,470, 275-283 {(1929).

60, Manchot, W., and Ggll, H. Zur Cherskterisierung der
Hetallearbonyle: Uber eine Carbonyl-Verbindung des
einwertigen Niekels. Ber., 58B, 1060-1063 {1926).

6l. Manchot, W., and Gall, H. Uber eine idethylalkohol-
farbi?dﬁng des. Sisen-nitrosyls. Ann, 470, 271-274
1929} .



62,

635.

64.

5.

66.

67.

69.

70

71.

72

73.

4.

- 83 -

Hittaseh, A, {ber Eisencarbonyl und Carbonylelisen.
EA éﬁlgﬁ‘é‘h Grh%ﬁi», f%é:g $B7*83$ (1938); v

Hond, L., Metallic earbonyls. Proc. Hoy. Inst., 13,
668-680 |1893) .

Hond, R. L. The metal carbonyls. J. So¢. Chen. Ind.,
48, 271-278 (1930).

¥Wond, L., Hirtz, H., and Cowap, M. D. OSome new
metallic carbonyls. J. Chem. Soc., 97, 798-810 (1910).

fond, L., and Langer, C. On iron carbonyls. dJ. Chem.
Soe., 59, 1090-1093 (1891).

ﬁa&é, L., Langer, C., and Quincke, F. asction of
carbon monoxide on nickel. J. Chem. Soe., 57, 749-
753 (1890). ‘

dHond, L., and %ﬂiﬁeké,k?; Uber eine Tillehtige Ver~
bindung der Zisens mit Kohlenoxyd. Ber., 24, 2248«
2250 (1891).

Mond, L., and guineke, ¥. Hots on a volatile compound
of irop with carbonie oxide. J. Chem. Soc., 59, 604~
607 {1891); Chen. Hews, 63, 301 {1891).

tHond, H. L. apnd Wallis, 4. E. Hessarches on metallie
carbonyls. J. Chem. Boe., 121, 29-32 {l922).

Reihlen, H., Friedolsheim, i., end Ostwald, W. Uber
Stickoxyd und Kohlenoxydverbindungen der scheinbar
?iﬂ%ifﬁiﬁ%ﬁ Gisen und Nickels. 4inn., 468, 7296

Roscoe, H.E., and Scudder, ¥. Hote on the actlion of
water gas on iron. Froe. Chenm. Soc., 7, 126-128
{1891). Table given by Trout, ¥W. %. Jr., J. Chem.
Bdue., 15, 117 (1938).

Sidgwick, N. V., and Bailey, K. W. Structures of
metalllec carbonyl and nitroesyl compounds. Proc. Roy.
Soe. {London), 1444, 521-537 (1934).

Bilva, A. J. Fo da, Sur la constitutlion des carbonyls
?at&l§i%uss. Bull. Soc, chim., {(IIX), 15, 835-838



75,

76.
77.
78,
79.
a0,

8l.

- 64 -

3toffel, A. Over de Vorming van het Ijzercarbonyl.
Chem. Veekblaud, 8, 722-734 (1911). Aibstracted in J.
Chen. Soc., 100, {Pt. 2), 986 (191l1).

Stoffel, 4. Die Reaktionen zwischen Kohlenoxyd und
Bisen., 4. anorg. Chem., 84, 56-76 (1914).

Trout, W. Z. Jr., The metal oarbonyls. J. Chen.
Hdueation, 14, 453-459 (1937).

Trout, ¥. 5. Jr., The metal carbonyls. J. Chem.
Zducation, 14, 575-581 (1937}. '

Prout, ¥. E. Jr., The m@t&llaarbﬂﬁyis. J. Chem.
Zducation, 15, 73-83 {(1938).

Trout, W. 2, Jr., The metel carbonyls. J. Chen.
Gducation, 15, 113-121 {1338).

Werner, A. Heusre /ngchauungen auf dem S&ﬂ@ﬂt der
anorgenischen Chemie. p. 249. 2nd ed., Viewlg,
Berlin., 1808. Translation by E. P. Hedley, Uew
jideas of inorgenic chemistry. pege 283, Longmans,
Green and Co,, London., 19811,



- 65 -

VIIX.

The author wishes to express his gratitude
and appreciation te Dr. J. 4, Wilkinson for

‘augg@sﬁing this grabiQm.suf‘fﬁw his assistance
and many timely suggestions while directing

this resesrch.



	1941
	A study of iron pentacarbonyl as a solvent and reaction medium
	Marion Thomas Harrington
	Recommended Citation


	 

