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ABSTRACT

It has been found that the nitrosoniunm NG* ion absorbs
in the infrarod anywhere between 2400 cpo”l and 2150 oms™
The mnhv markod trond is that salts of complex fluoroeacidu
absorb at highexr froquencies than salts of complex chlorae-
acideo The factors which influence the position of the
N-0" absorption are discussed. Some nit;oaomium'salta are

isomoxrphous with the corroesponding alksli-matal salts amnd

are hence fully ifomic. There appears te be 1little corralation

betweon fully ionic chavacter in the lattice and the position
of the WO absorpiion. Nitwlc oxide and dinitrogaon tetroxide
react with B group metal halides ‘o give solid adductea}
Infrared spectroscopic examination has shown that theaso
adducts gonerally contain nitrosonium iomsj; the n;tric oxide
generally giyea a lower proporiion of nitrosonium ion thanr
doeg dimitrogon itotroxide. It is concluded that complex
hale anions are also present.

It has boenm shown that heoxaphenylditin does not undergo
marked hetorolytic dissociation in nitromethane solution,
Tripheayltin fluorcborate ;an be prepazxed frrom solution
in oxganic sékvents but wuach solvent 1o always carried down
wiih the compound. ‘New salts containing the triphenylmethyl

carbonium ion and the SiFhé“ and Tiﬂhae anionio havo heen

prepared and this cation has beon identified in the subatance

)



Phy C'Bry “o It is found that complex halo anions containing
more than one different halogen are not stabilised by the
carbonium cationd. Organometallic derivatives containing
unsaturated linkagaes appear to be readily proitonated in
solution in acid; the protonated species are apparently
cerbonium ions stabilised by co-ordination to the metal.
Dysatuff cations of the triphenylmethane dyes are as
reluctant to form covalent compounds as the triphenylmethyl
group is to form ionic compounds. Covalent comppunds can
be prepared using anions derived from weakly basic acids
such as HCN., The factors influencing the covalent ¢?ionic

equilibrium are discusced.



The first part of this report has been
written up in the same form a&s it will be shortly
submitted to the Chemical Society (London) with a

view te publicationo

The Infrared Spectrum of the Nitrosonius Yom.

The compoumds NOC10;, and NOBF; have been shown to
be isomorphous with the galts NI,Cl0, and NHg BF; amnd to
sentain nitrosonium, HOJ}', ions which have achieved
sphorical syommetyy by rotationt The evidemce for the
preosence of nitrcsonium iomsin other compounds has been

2, Klinkemberg, Rec, Trav. Chim., 1937; 56, 749.
summariSeda lby Addison arid Lowis and has involvod studies

3, Addison and lowis, (uarterly Reoviews, 1958, 9, 115.

of conductivity, megnotvic suscoptibility, and Raman
spactra; the present report describas the infrared spectra
of a aar:’.es.of compounds which; on the basis of their
stoichiometxry, might be expected to contain the nitrosonium
ion. The free nitrosonium ton is genorally considered

1
to absorb at about 2300 cm.  ; this is to be compared



wl
with a value of 1700=-1900 cm. when the Noé'ion'io

3 sl
co=oprdinated to & metal and of 1050-1200 em, whan

] .
o Lowis, Xrvimg, and Wilkinson, J.Inorg. Nuclear
Chen., 1958, 7, 32, ‘
- 4
the NO idon is co=ordinated to a metal. The results of the

4 .
o Criffith, Lewis, end Wilkimson, J.Inorg, Nucleax
Chem., 1958, 7, 38,

prosont otudy are shown in Table 1. There is good agreehﬁnt?
boetwoon the present rosults and the Ramen spectral measure-
ments which have heem previocusly made onm some of these
derivatives, Witk the excepilon of 2WNOCL.SnCly NOCL.SbCl ,
and 2N0CL.P$Cl; , samples of the adducts between nitrosyl ’
chloride and chlorides tended to give abgoxrption bands in

the region of 1800 cmomz Theso bands were absent in
froghly prepared samples and increesed in intensity as the
sample was kept. It is considered that these bands are due {
to the presence of nitrosyl chloride formed by dissociation

L1 6
of the complexes - CINO absorbs at 1799 em., , !

8
-« Burnse and Bernstein, J, Chem. FPhvs., 1950, 18, 1669,

[ X

but there is the possibllity of iscomeric change in the
compounds 80 that an RO group becomes cowordinated to the
metal, In all the examples given in the teble there was

2 |
a strong absorption bend betweon 2150 and 2400 cm, It is



consideréd that this band is chafaotoriatic of the nitro-
aonium,.N0+, ion. MOst of the poaks are sharp singletis
but some compounds gave shounlders. It has previously

¢ .
been shown +that (NO)(NO3) S30; gives two Raman peaks at

® . Gerding and Eriks, Rec.trav.chim., 1952, Zi, 773
2277 and 2308 cmoml and the former peak has been considered
to be duo to the asymmetricl sireitching vibration of the
Noa¢ icn which has beon remdered Ramamn active by the len
site symmetry. In view of the analytical figures for tﬁe
compounds studied in the present work a similaxr explanation
is unlikely to hold for the two bands which arse obserQad
in the specira of aome'of the campoundsq Xt seoms more
likely that the splitting of the main band is due to the
presence of more than one type of nitrosonium iom in the
unit cell, | |
o Mogt of the compounds prepared were examined by
X=ray powder vhotography and ého unit=cell dimensions fbupd
are given in Table 2, It was confirmed that nitromonium
fluoroborate, chlorostannate, énd chloraplatinate are
iuomorphous with their.potasaium Qnaloguou = the lattgr two

7
salts have been briefly mentioned <o be isomorphous with

7 : .
» Klinkenberg, Chem. Weekblad. 1238, 35, 197,

their potassium analoéues but no - cell dimensions were given,



Table Y.

Vibrational Spectra of Compounds containing NO+ Jone,

NOBF,
(NO ), GoFy
(N0 )z SnFg
NOPF,
NOAgKF,
NOSbF;
NOVF,
NOUT;
NOMoFs.
ROSO, F
(N0)2 S, 0,
NOHSO,
NOC10,
(n0) (N0, ) S5 04,0
NOA1CL,

(NO)z SnC1,
NOSBC1,
NoBiCl,
(NO) 2 TiC1,
NOMaCl,
NOFeCl,
NOCuClj,
N0ZaCl,
NOHgC1,
(NO) , P1C1,4

All present work except where marked,

»

2387 sharp
2391 sharp,
2342 sharp
2379 sharp
2340 sharp
2385 broad,
2391 sharp,
2333 (a)
2331 (a)
2377 broad
2278 sharp,
2330 (®)R
2313(§)R
23088 (¢) 2277R
2242 charp,
2236 (®) g
2191 broad
- 2189 broad
2331 broad
2165 broad’
- 2271 broad
2200 sharp,
2271 broad
2137 broad
2263 broad
2201 sharp

R, Raman spectra

shouldex

shoulder
shoulder

shoulder

uhoﬁldcr

shoulder

all figures in cm,”

at 2336

at 2342
at 2328

at 2294

at 2370

at 2275




(a) Greichman, Smith,Trond, and Ogle, Inorg. Chem,, 1962, 1,

61,

(b) Gerding and Houtgraaf, Rec, trav. Chim., 1953, 72, 21.

(c) Gexding and Eriks,

Table

®

2

[+
Unit Cell Dimensions in A.

[

NOBFgy orthorhombic a = 17,88,
KBFy orthorhombic a = 7,83,
NOSO3 F orthorhombic a = 8.59,
KSO; F orthorhombic & = 8,56,
(NO)zSnC1, cubic a = 10,24
Xz SnCly cubic a= 10,1}
(NO)a PtC1 cubic a = 11,27
Xp PtCly cubic e = 11,18

b
b

b
b

a)

(a)

(a) Wyckoff ‘Crystal Structures’

o

(b) Sharp, J.Chem.Soc., 1957, 3761,

572, ¢
5.67, ¢

50999 [
5.95, ¢

n

Rec. trav, Chim., 1952, 71, 773.

7 .40
7.35()

7.37
7.33(P)




Nitrosonium fluorosulphate is isostructural with

potassium fluorcsulphate, both cowpounds being iaomorﬁhou- ,

s
with potassium fluoroborate. The fluorosulphate is -

eo Sharp, J. Chem. Sog., 1957, 3761,
presumably undergoing frese rotation in the two salts. The
results from powder photography strotigly supporit the
presence of an ionic lattice in the four cowmpounds whore
lattice dimensions. were established and, by comparison of
infrared spectra, in all the compounds listed in Table 1
In each_case the lattice dimensicns of tho nitrosonium
slats ave slightly grsater than thogg;bund for the corres«~
ponding potns-igm salts; 4t has beon datimated that when
the nitrosonium ion is in free rotation and is acting ae a
sphere that the offective radius is 1.40 Ao (e, k*1.33 3):

No nitrosonium salt of a coumplex fluoro acid other than the

fluoroborate is isoqorphoul with the corresponding potassium

salt, Complex halides genexally have structures which

’
are based on close~packing of halide ions. The fluoride

o .
don (r = 1,33 A) is smallor tham the nitrosonium ion and the

) .
» Wells, Quarterly Reviews, 1954, 8, 330,
formmlly asymmetrical ion c¢an probakly not attain full

o
spherical symmetry. The chloride ion (r = 1,81 A) is

larger snd appears more able to accommodate the nitrosmhun ion




end to allow it to attain ui;horical symmotry. Nitrosonium

fluoroborate and fluorosulphate, wvhich are isomorphous

wfl.th the potassium salts do not have closoeo~packed astructures.
The vibrational frequency t;f the nitrosonium ions

vary widely as has previouasly been noted by Gerding and

i ‘ ,
HRoutegraaf who explain the variation in terms of polarisation

10 ;
o Gerding and Houtgrsaf, Reo.trav.Chim., 1953, 72, 21, !

of the anion by the cation - such polarisation having also
12

11
been postulated by Seel and by Burg and McKemzis .. In
11
o Seﬂl, Ze 0!’ Q ‘mop 1950, 261’ 750

12 . .
. Burg and MoKenzie, J. Amex. Chem. Soc., 1952, 74, 3143.

the present uork,.howevor, 1t has bheen shown that salts vhich
absorb at both the high and low frequoncy ends of the range
are isomorphous with the corrssponding potassium salts and
are hence unlikely to be appreciabl— polarised, The anly
generalisation that it is possiblo to make about the trends
in values of the NO’@ vibrational stretching froquonc); is
that salts of uqmplex,' fluoro acids tend to g.i.vo the highest
frequency, followsd by saltas of oxy-acids, followed by salts:
of complex chlers aclds. There is a vague trénd in that
the salts containing lavger anions tend to give lower NO"

vibrational frequencies than salts of smaller anions,
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It is apparent that the factors governing the ro*
vibrational fraquency are complex, but it is suggested
that both interaction ﬁatween the nitrosonium iom and
the halogens of the complex anion and between the nitro-

sonium ion and the central metal atow of the anion may bs

of importance in lowering the froquemcy of the N0 ' '$

vibration, This froquency is probably also dependent
upon the effact of the charges in the latiéice = that is !
upon the size of the NO* ion, - Since chloxrine atome are

more diffuse than fluorine gtoms they migh% be expected

to exert a groater glasctronic offoct at the cation side. Theyé?
appears to be no correlation beiween the posifion of the .
nitrosonium ion absorption and the stability of the compound.
Complex anions corresponding to those reguired
in the present study have been postulated previcusly:
NOCX.CuCl must be formalated on the present evidence as
N0¥*CuCl; ™ which wonld be expected to be dimmagnetic., Tho
compound is diamagnetic when firat prepared, but becomes !
paramagnetic on standing. It 1is possible that thereo is |

) 25713
a change to a nitrosyl complex during this transitiom .

i
13 f -
o Asmussen, Z. org. Chem., 1939, 243, 127,



Exporimental

Infrared spectra were measursd on wulls in
'Fluorube’ grease between calcium fluoride windows
Xt wes found that any othex mulling agent caused immediate
doconmposgition of the nitrosonium salt as did the use of
windows of sodium chioride. All preparations of mullas
wers carried ocut in the dry-box, Spectyrn were mesasursd
on a (rubd Parsons Model DB. spectrophotometer using sodiuwm
chlorids optice, Each specirum wes referenced agsinst a
spactium of polystyrone.

X~Roy powder photographs were taken in Lindemann
glass capillaxries using OnK radiation. Photographs
wers measurod visually but caloulation of sin*9 values and
indexing of powder lines weie carried out on a Ferranti

Sirius Computer uvaing programmes developed in thesme
laborateries.

Compounds wer'e prepared by the 1literature method
giyen in the table. inalyslie for nitrogen was csrried out
by reduction with Devarda's alloy followed by distillaticn
and ostimation of tha ammonla produced, Chlorine was

eatimated as silver ehlorido.



Compound

NOBFy
(NO), GeFy
(N0 )4 SnF,
NOPP,
NOAsF,
NOSbHFy
NOVF,
NOSQy F
(N0)3S2 04

Rﬁ‘f o
to0 prep.

NOA1C1, 20,12
(NO)sSnCl, 12,17
NOSBHC1, 12
NOB4C1, 18
(RO), TiCYl, 17
NOMnC1, 17
NOFaCl, 12
NOCuC1, 12,13
NOZnC1, 13,17
NOHgC1, 13,17
(No)zPtCl; 17

Reference to

preparation
14
i
iy
1L
ik
14
15
14
16

N Galc o

7.0
7.2
3.8
3.7
8.7
7.3
6.2
8.5
6.9
k.2
6.0

71.3
S5hok
58.3
37.0
66.3
55.6
62.3
k3.1
52.7
31.6
45.5

Cl cale

lis. Woolf, J. Chem, Soc., 1950, 1053
15. Sharpe and Woolf, J, Chem, Soc., 1951, 798
16, Hart-Jones, Price and Webb, J, Chem. Sec., 1929, 312.
17, Partington and Whynnes, J, Chem. Soc., 1948, 19523

1949, 3135,

10

N calo., N found %

12.0
11.4
9.6
8.0
6.4
5.2
7.0
10.8
10,2

N found Cl1

6.7
6.8
3.7
3.6
8.2
7.1
6.1
8.3
6.6
3.8
5.9

11.6
10.9
9.3
7.8
6.1
5.0
6.2
10.5
10.0

found %

70.6
54.0
58,2
6.2
65.4
55.0
62,0
L2.6
52.0
30.1
45.6

- = &
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The Interaction of Nitrogen Oxides snd Lowis Acids.
The interactions have beon carxied out both directly and

by interaction in a solvent, In all cases the products werxe
exanined by infrared spectroscopy and, as far as poosible by
analysis, ‘This aspect of the work is still under active
investigation, The following systems have boen inyoatiggtodt
P¥g /NO. No reaction in petrol at =78° owing to insolubility
of nitric oxide in the solvent. Reaction in a bomb gave a
very small yield of a white product; it was not posaible to
obtain infrared deta on such a small sample.
PFg /NOz; . Interaction in a Carius Tube gives an immediate
separation of solid, The infiraxed spoctrum shows a strong
band at g#.2300 cmowz indicating the presence of an NO* iom
and also strong bsnds at about 1020 and 1160 cm.” . These
lattor bands were identified as P-0 freguencies and it is
considersd that there has been interaction to give phosphate
o fluorophoaphate entities. A weak band at 850 om,~"
indicated the presence of the FFy ion. It is considered
that one product of this reaction is NOPF, . The compounds
AgFy «NO3 and SbFy; .NO; have beon eported previocusly but noth-
ing i; Imown of their structures.

Ayneley, Peacock, and Robinson, Chem. and Ind.,

1951, 1117.
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PCl; /NO3 . White solid product. Disscciates to PCls; plus
NOz at room.temperatureo

PCly /ND; . White solid product. Sirong NOT absorption with
an additional band at 1860 amoml This compound appesrs to
be idontical with the PR0,NCly; ieported to result from the
POCLy /N304 and PCL, /Nz0; repctions.

Klement and Woolf, Z.anorgz.Chem. 1955, 282, 149.

SnC1l, /NO White product. Weak NO¥ absorptioen

SnCly /NO; White product. Strong NO' absorption

8bCl; /NO Yellow product. Weak 170% absorption

SbCls /NO; Yellow product., Three strong infrared bands at
2200, 2000, and 1850 em.™ . The latter band may be the
result of decomposition but the presence of two higher bands
suggosts that more than one cation in present,

It has been shown that the interaction betwoen nitrogen
Kuhn, 2nd International Symposinm on Fluorine
Chemistry, Eates Park, Colorado, 1962,

_ oxides and boron trifluoride gives NoYBF, as the major
product. The other products are borates, The present work
indicates formation of nitrosonium ions in the reactions
between nitrogen oxides and non-metal and metal chlorides
and fluorides and it is apparent that nitrosonium salts;
probably of complex halo-asnions, are being formed.
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Dinitrogen tetroxide gives higher contentrations of

nitrosonium ions than does nitric sxida,

Fupther studies are nocessary to wmake positive

identification of the anionn whioh axo present im These nitros

gonium salts.

Onium Salts containing predominantly oxganic or oxrgano.

metallic cations, ‘ ®

(a) Preparation of triaryl tin compounds. )
Although Phy# (M = C, Si, Ge, Sn, Fb) derivatives are

Inown for M x C (see section b of thiz rsport) and the Physi¥

jon has recently bheen prepared in the salt Fh, 8i SbFs there

is little eviderice on Phy Sn* cations. From a consideration
Go A, Olah, private commmiocation.

of the infrared spectra of the compounds Me; S100CH, ,

Moy S1 (00CCH,; )a, MeSi (00CCH; }; . Si.{00CCH; )4, M@; SnO0CCH; ,

Moy SNOOCH, Moy Sn chloroacetates, Meg SmO0CCs ¥ , Moy Sn halildes,

Mey Sn (00CCH, )3 oMoy SHOOCH) 5, Mez Sn halides, MeSn halides it

has besn concluded that tﬁe silicon derivatives are covalent

but that the tin compounds contain methyl tin cationa. The

Me; Sn cation is considerad to be planar and-the MezSn cation

R. Okawvara, D. B, Webster; and £, G. Rochow,
_’{b &!0 EB!-O 80099 2'09609 Q-z" 3287;)




linear. Trimethyl lead carboxylatea. are aleso considered -

to contain planar cations.

R. Okawara and H, Sato, J. Inorg Nuclegr Chem.,
1961, 16, 204,

The compounds R; SiCl react with silver perchlorate to give
trialkyl and triaryl silicon perchlorates but the evidence

on bonding in these compounds is n?t complet§ as, although
they react in solvolytic reactions as if they were ionic theii
infrared spectra are not definite in favouring either a
covalent or an ionic structure., Trimethyl tin fluoroborate

U, eWannagat, ¥, Brandman, W, Liehr, and H,
Niedexprum, Z.anoxrg.Chem., 1959, 302, 1085.

hoas beon described as resulting from the reaction between
teframethyl tin and boron %rifluoride.

Burg, J. Aser. Chew. Soc., 1961, 83, 2667.

In the present work 1t was desired to obtain evidence
on the dissociation of the derivatives FhyM-MPhy (M = C, Si,
Ge, 5n, Ph)o Work was carried out on the steanane derivatives
aé those are the most stable, There is previous evidence
for dissociation in all of these derivatives. The hexaphenyl-
ethanes are ¢1auociated homolytically in solution to tri.ryl—'.
methyl radicals, The hexa aryl disilanes do mot appear to be
dissociated in solution and no free radicals can be detected.

Sidgwick 'The Chemical Elements and their Cowpounds'

A. J, Petro and C. P, Smyth, Jﬂ M.!::: Q}!ﬂ» scﬁog
1957, 79, 6147.
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It is postulated that Ph; Si radicals are present as reactive

intermediates in radical induced reactions of FPhy S1iH., i
Hexaphenyldigermane is not dissociated in solution bui
hexaphenylditin and hezxaphenyldipiumbane appsar from molecular ;

Jo Curtice, H, Giilman, and G, S, Hammond,

Jo_Amey, Chem, Soc., 1957, 79, 754,
welght determinations to be dissoclated in aoluéiona Magnetic
susceptibility studies rule out the prosenee of free radicals
and the only other possidbility is holterolytic dissociation. |
PheSn = SnPhy === TFheSn~ + PhySa~ ' ]
This has been ¢uestiocrned om the basis that the Pthﬁﬁ cation ‘
wonld be expecied 1o be coloured by amalogy with the colour

of the triphonyluethyl cation, but this roasoning is suspect

" as the orbitals which wvould be used im FYorming the Fh,Sn+

ion are very different from those used in forming the Phoc*
ion and in fact the Phy S1¥ ion is colourless., By use of a

Wayne-Kerr Universal Conductivity Bridge tho present woxrk has

shown that the heterolytic dissocciation of hexaphenylditin
in nitromethane is not detectable and is certainly less than
1%, Since the solutioms of hexaphenyldilead show changes
in colour with change in temperature it would be worthwhile
to make similar measuroments on such solutions.

Triphenyltin chloride reacts with ailver fluorohorato‘
in ether ox benzena to give a precipitate of silver chloxide

and;, on removal of excess of gsolvent, a zumny material
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containing fluoroborate ions, It is impossible to remove

the final traces of solvent from these matexrials and it is

certain that there is extenaive solvation of the triphenyl
tin cation by organic solvents. Xt is suggested that such
solvation alsp occurs in the hexaphenylditin derivatives =
for example by a charge transfer a mechanism between

solvent benzene and the phenyl groups. Such solvation would
explain the anomoclous molecular welghts of solutions of the ‘

hexa~aryl di-tins. Triphenyltin fluoride does notlroact

in a solvent or under a pressure of boron triflﬁdride to

produce triphenyltin fluoroborate. In other studies it has

baeen shown that although tetraphenyltin and boron trifluoride

Sharp and Wihfield, unpublished observation

react to give phenyl boron difluoride, the s2olid product is
triphenyltin fluoride and not the fluoroborate, This lack

of reactivity of triphenyltin fluoride is attributed to the

high lattice energy of this compound.

(b) Carbonium Salts.

The existence of carbonium salts is now well established

Sharp and Sheppard, J. Chem. Soc., 1957, 674.

and it has previougly been éhown that triaryl methyl carbonium .

ions may be readily prepared by the reaction
ArgCCl + AgX ——> AgCl + Arx;CX

where X is the anion of a very strong acid. During recent
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work it has been shown that silver salts of dibasic acids
Moss and Sharp, unpublished observations,

are soluble in organic solvents - previous work in this

field had been confined to salts of mono-~basic acids -~ and

accordingly it has been possible in the present wrk to

prepare triphenylmethyl hexafluorosilicate and hexafluoro-=

titanate, both bright yellow compounds containing the planar

propeller<=like triphenylmethyl cation. . Triphenylmethyl- ;

hexafluorosilicate is appreciably soluble in toluene and the

solvent appears to solvate the carbonjium cation, The older i
literature contains many references to what appear to be

perhalides of carbonium ions., PhyCBr....Brs has now been

shown: to contain a triphenylmethyl cation = the colour of the
Schmidlin ‘Das Triphenylmethyl’
anion obscures the characteristic colour of the cation = but

it is relatively unstable and tends to lose bromine under

vacuum,
In previous work it has been shown that it is doubtful

Kemmitt and Sharp., J. Chem, Soc¢.,in publication

whether the adducts Ph; CX.BY; (X and Y = F, Cl, or Br)
contain discrete mixed haloborate anions although they
certainly contain triphenyl methyl cations, If the reaction

is carried out with excess BY; such that BY; is a stronger
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Lewis Acid than BX, (the order of Lewis Acids ttrangth'is‘
BRy ¢ BCL ¢ BBrsy) there is complete displacement of the more
weakly’acidio BX; o In the present work these observations
have been extended to the use of Lewis Acids other than
boron halides, Phg CCl reacts with PFy, AsFgz, and SbFyx to
produce Phy CPFg, Ply CAsFy, and Phy CSbFy respectively. There
is complete displacement of chlorine from the compounds and.
no evidence for the formation of mixed halo anions. SiF,
appears to be very weakly acidic and does not interact
with Phy CCl oxr Phy CF in toluene although triphenylmethyle
hexafluorosilicate has been prepared (see above) .

Attempts have been made to stabilise carbonium ions
by co=ordination to transition metal ions., Stxong evidence
was found to support the view that in strongly acidic media -
where carbonium ions would be expscted to be formed « that
there is reaction. The products are extremely reactive .ﬁd
will have to be examined in solution by nuclear nagnotic'
resonance spectroscopy. As this technique was not available
during the present contract -~ it is now « this could not
be carried out and the present work was confined to

qualitative observations of the type of reaction.

IR S

. e— e e




Compound Acidic medium
C, Hg Mo (CO), HF + BFy + CO
C; Hg Mo (CO), HF
C4 Hs Fe (CO), ' HF

(7C~CH; C5 Hy )Mn{(C0); HF + BF, + CO

Fe (CO)x HF

19

Reaction

gives Mo(CO)s plus
partially fluorimnated
polymer L
red compound becomes |
yvyellow

gives polymer and
yellow liquid,

vellow colour changes

to dark green. A
yellow compound ocan
be isolated.

|
4

yvyellow changes to yed

It i3 apparent that thare is a very wide range of

reactions of this type which can be investigated. The

yeaction detailed above for the preparation of molybdenum

hexacaxrbonyl from c¢ycloheptatriene molybdenum tricarbonyl

appears to be one of the first examples of the formation

of a trus carbonyl under atrongly acidic conditions. All

of the above reactions are considerod to give compounds in

which g proton has been added to ths organic part of the

molecule to give what is effectively a carbonium ionm

attached to the metal.

The factors which influence the ionisation in an Axy CX

entity are as follows. The process is

+
AryC1X —=—> AryC

X

R ——



20

and will favouxr the production of jons if the C-X bond 1.'

weak. Thug ionisation will occur more readily in iodides

(C~X bond stremgth 66.5 K.cals,) than in fluorides (C-F

bond strength 107.0 K.cals.). As is sh-wn in all of its
Pauling, 'Nature of the Chemical Bond'

reactions triﬁhpnylfluoromethane 18 much less reactive than'

the other tyiphenylmethylhalides. The value of the bond

Blicke, J, Amer. Chem, Soc., 1924, 46, 1515.

strength will be greatly dependent upon the presence of
electyon atiracting or electron repelling groups substifuted
into the aryl rings and hence the ioniec or covalent ndture
of the AryCX molecule will depend upon the substituent in
the ying syatems. The effect of substituents is also
allied to the stability of the caxbonium ion 'ande in
genoral, elecivoneoreleasing substituents tend to stablilise
the carbonium don whilst an elsciron-withdrawing substituent
stabilisea the covalent model, The actual stability of

the caxbonium ion is composed of two terms, the resonance

P

onexgy of the completely conjugnted system and the reorganisa-

ticn energy required to rearrange the tetrahedral AryC
entity to a planar propeller=like form. The actual anion
affects the eoquilibrium through its basicity. Anions

derived from very strong aclids ars reluctant to assume a
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covalent form whilst anions ‘derived from acids of more
normal strengths are reluctant to assume an ionie form.

Theé finpl decision as to whether a triarylmethyl
derivative is covalent ox lonic is a balance of all of thease
factors. Thus triphenylchloromethane is covalent but on
successive substitution of slectron-releasing p-mothoxy
groups into the ringg the compound becomes ionic on
substitution of the fourth methoxy group. Tri-~p-methoxy-
chloromethane is covalent but if the basicity of the anion

L!Iﬂds Jo mro C_Llemo SOOop 1927, ﬁ" 13[‘»60

is increased slightly by formation of the HCIQQ ion an
ionic derivative results.
The pres@nt work is designed to provide further evidence

Sharp, J. Chem, Sog., 1958, 2558

on the actual factors which delinate the boundary between
ionic and covalent- compounds,

The experiments have bhesn caryied out using three
dyestuff cations:- Malachite green, phenylbis-=p-N-dimethyl-
aminophenylmethyl; Brilliantgroeen, phenylbia~p=N=dietlyl
aminophenymatﬁyl,; Crystal violet, tris-p-N~dimethylamino-
phenylmethyl., These dyeatuffz are normally obtained in thﬁ
form of thoair chlorides which are coloured and contain
carbonium ions. The oxperiments are designed to prepare

covalent dexrivatives by the use of anions derived from
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woeakly basic acids. In each case the cémpounda propared

have been analysed and studied by imfrared spoctroscopy.

Salts of all fhree cations have baeen studied but they

all follow tho same pattern and results will be given in

detail f&r Malachite green only.

Anton |

silicotungstate, - Yields dark green complex, The infrared
spectrum is similar to those of tha jonilc
carbonium galts but there are some differ-
ences., It di6 conasidered that the laxge
'cation is forming some complex with the
anion but the nature of the interaction
is not yet undersiscod.,

phosphomolybdate. = Very similar to silicotungstate,

Complex formation.

fluoroborate. = Jonic salt formead
perchlorate, = . Tonic salt formed
cyanide, « Light zreen compound formed., The infrared

spectrum is closely pimilar to that of the
leuco base rather than that of the chloride
sr fluoroborate., It is coneidered that

this is a covalent cyanide.
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azide, Formation of derivatives which, fron
thiocyanate;

oyanate, thelr colours are probably covalent but
fluoride

which appear to undergo rapid polymerisa-
tion and becam? sticky so that consisteut
infrared spectra cannot be obtained,
From the present results it is clear that providing that
aniong of woakly baasic acids are used tho dyostuff cations

will form covaleni compcunds, Further work is necessary

to find the actual detailed conditions required for covalant

and ionic charactoer.




Annex

1. Persommel utilised during the reporting pexriod were:

D. ¥o A. Sharp (port time)
Jo Thoxley full time
All Mohammed full time

There weve no changes in ressarch policies during the

period of this Gontrﬁcto

Dro Do W, A, Sharp visited the Unlited States during the

period of this Contract and the suw of kuoo was agresd
to be paid to him by contract amendment to enable him to
visit Redstone Argenal and Pigcntinny Arsenal,

2, Research personnel say 4000 man hours
+ 200 man hours Dr. Sharp
Total k200 man hours.

Estimated expenses for materials $1450
No important property has been acquired during the

contraci period at direct contiact expensa.




