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RONDING OF THE CARHONYL GROCIP IN METAL SACCHAKINATES : 
ICCRRELAT I ON WITH THE INFRARED SF’ECTKA 

51. igor ~Jovanovsk i and Bo jan %‘optra.janov 

Hem i sk: i institut, FMF. Univerzitet “Kiril i Metodij”? 
Sk:opje.. Yugoslavia 

Irrespectively on whether or not the carbonyl oxygens 
participate in some k:ind of intermolecular interact i- 

on (being part of the coordination polyhedra of the 
metal atoms and/or taking part in hydrogen bonding) , 
the frequency of the carbonyl stretching vibrations 
in a number of metal saccharinates with b:nown struc- 
tues (Na, Mg, Mn, Fe, Co, Ni. Zn. Cd and Hg #compounds 
Iwere studied) are lower than in saccharine itself. 
apparently mainly as a result of the redistribution 
of the electron density *hich takes place on going 
from neutral saccharine to a saccharinate ion. 

!s i 1-t I:: e the ~carbonyl stretch is considered to be a good group 
vibration7 its frequency is often used to make s t 1. (1 I: t u r a 1 

i n f e r en I: es . It is, for example. assumed that the part i c i pa- 
t i 0 II i I-, h y d r 0 y en b 0 n d i rig (where the carbonyl oxygen acts as 
a proton acceptor) would decrease the elect ran d ens i t y 0 f 
the C=O bond:. decrease its order and, thus, lower the f re- 
q u e n c y . The participation of the carbonyl oxygen in b on d i n g 
,to the metal atoms should also alter the carbonyl stretching 
f r e q 11 e 1-1 c y . 

The availabil. i ty of structural data for saccharine Cl,23 a5 
well as for a nl.rmber of metal saccharinates (those of NaI 
Mg? Mn:. Fez ICoz Ni v Zn:. 11d:. Hg and C:u) C3-1.31 and for sjac- 
~:.harine C4.51 ma1::es it possible to attempt to correlate the 
type of bonJ iny on the one hand and the frequent i es of the 
C::-0 stretching band5 on the other and thus test (admittedly, 
on a rather 1 imi tted sample) the val id i ty of the g en e r a 1 
bel i ef that concl us i on5 about the participation of the 
carbonyl oxygen% i n r, o m e C: i n ~ci o f i n t e r m o 1 e c u 1 a r b on d i n g can 
be made on the basis of the comparison of the IZ=O stretching 
.f r e q CI e n c i es . 

E’XF’ERIMENTAL 

The sudi~m salt (Na.S) with a formula Na.s(sac),,2H,~:t (hereaf- 

ter cjac denotes a c;ac~har i nate i an) was prepared accord i ng 

t o t he me t h o ~j ~j e a 8: r i tr e 13 by De f o u I- n e 1 Cl41 from Iwarm aqueous 

5 0 1 1.1 t i u n 0 f sacchar ine and sod i urn Icarbonate and recrystal 1 i- 

zed from ethanol (the i-ecryetall izat ion from water give5 a 
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higher hydrate) . The heptahydrate of the magnesium salt (de- 

noted. far short, MgS) wa5 prepared and recrystall i zed ana- 

logouely. 

The hexahydrate of lln(sa~)~ (Mn$?) was also prepared a c c 0 r -’ 

ding to DefOurn@l L141 who, however. helieved to have obtai- 

ned a tetrahydrate (the isomarphous compounds of Fe:. Co, Ni P 

21-1 and Cd are prepared in the same way -- by slow evaporat i 01-1 
of stoichiometric mixtures of aqueous solutions of the ct,lo- 

rides 01’ sulfates of the metals and of sodium saccharinate). 

Mercury (I I) sacchar i nat e (HgS) was prepared, apparently f 0 r 

the first time. by one of us C 131 by react i ng aqueous sol u- 

t i on5 of mercury acetate and sod i urn sacchar inate. I 1-l fact. 

our repeated attempts to prepre Hg(sac), employing the or i- 

ginal method of I)efournel Cl41 sjystemat ically yielded a pro- 

duct which was shown Cb, 131 to be chlorome~.cury(rI) saccha- 

I- inate. T;lHg (sac) (1ZlHgS) . 

The hydrated saccharinates were deuterated by repeated r e -’ 

crystal1 izat ion from II& or, in the case of the sodium c om- 

pound. from e thanol-II,0 mi x tures. 

The infrared spectra were recorded. from t::Eir pellets;, on a 

Ferkin-Elmer 5F;O infrared spectrophotometer (in the case of 

the mercury compounds Nuj 01 mu1 1s were used) . 

STRI_KTIJRA!_. DATA 

The details about the crystal structures of sacchar i ne and 

of the saccharinates of sod i urn? magnes i urn? mainganese and 

mercury which are given in refs. l-6 will not be repeated 

here. Instead, only the data pertaining the I:=0 groups an d 

their immediate environment will be briefly summed up, 

The structure of saccharine is made ‘up of mol ecu1 es wh i c h 

are held together by r a t h e r 5t rang hydrogen bonds. thus 

forming cycl i c d i mere U The carbonyl axygens play the role of 

proton acceptors. the N...O distance being 279.4 pm accar- 

ding to Bart Cl.3 and 279 .6 pm accord ii-19 to Clkaya t23 I The 

values given in ref. 1 and ref. 2 for the length of the t;-rJ 

bond are 122.0 and 121. .4 pm, those for the C-N distance are 

137 .5 and 136.5’ pm whereas for the C-C-N angle the values 

are 10’9 .8 and lOc/ .B degrees respect i vely . 

In the structure of Na.J(sac)r*.‘2H,i11J there are three d i s t i n c t 

oxygen atoms, labelled 0(X:3) I 0(X3) and O(33) in ref. 3. 0 f 

these. only 8(33) acts as a proton acreptor (the dOnOr being 
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one of the water molecule) in a hydrogen bond 274.6 pm long. 

All three carbonyl oxygen!? are part of the coord i nat i on 

polyhedra around the sodium atoms. The c-0 distance5 ar e 

123 .o. 124.1 and 123.7 pm, wherea the corresponding i:-N 

distances and C-N-C angles have values of 135.4~ 134 .b and 

135.7 pm and 113.01 113.7 and 113.5O respectively. 

C3f the two crystallographically non-equivalent carbonyl oxy- 

gens in the structure of Mg(sdc)z.7H,l~, again only one, la- 
belled O(23) in C31, is a proton acceptor and is involved in 

hydrogen bonding with tlJJo neighbouring luster molecules (the 

c3 ,...O distances being 275.4 and 275.7 pm respectively) b IA t 
is not coordinated to magnesium. The other carbonyl oxygen, 
on the other hand. enters the coordination polyhedron of 

magnes i urn. The C-13(13) and C -0(23) distances are 1’24 ‘7 ._ an d 

124.0 pm respectively. the lengths of the corresponding I::-N 

bonds are 134.0 and 135.3 pm while the values of the tl>JO in- 

cluded C-C-N angles have values of 114.2 and 113.8 degrees 

respectively. 

Clnly one type of carbonyl oxygen exists in the structure of 

ml (sac) r.bHzO c41. the C-U and C-N distances being 123.7 and 

136.0 pm respectively and the C- C-N angle having a value of 

113.2”. The carbonyl oxygen is an acceptor of t W 0 proton5 

from neighbouring water molecules (the O.,,...c) distances are 

274.0 and 281.4 pm respect ively) . 

In mercury saccharinate C53 I none of the four non-equ i va- 

lent carbonyl oxygens could be h y d I- o g e n bonded s i n c e the 

compound is anhydrous and no proton donor is present . The 
four C-12 Ed istances are 122, 123, 120 and 118 pm, the 1:--N 

bonds are 13B* 137~ 142 and 1.38 pm long and the correspon- 

ding C- C-N angles have values of 112.4., 112..5* 109 .c7 and 

iC@ .3 degrees. One of the carbonyl oxygens, labelled D(213jV 

makes a rather short contact with a mercury atom (the dis- 

tance of 259 pm is significantly shorter than the sum of the 

van der Waals radii for Hg and 0). Another carbonyl oxygen 

is also in contact (much longer. however) IlJith mercury (the 

Hg-O 13 istance is 280 pm) . 

A relatively sho1.t (275 pm) Hg...O contact is present in the 

structure of chloromercury saccharinate CGI as W @ 1 1 . T h e 

single carbonyl oxygen is 123 pm away from i tn c a I- b o n F the 

C-N bond is 145 pm long and the C-C-N angle has a value of 
11”” L . If these values (as IlJell as those for mercury saccha- 

rinate) are to be compared with the previously g i v e n ones? 

it should be born in mind that the standard deviat ions f 0 r 

the mercury sacchar inate% are appreciably 1 a r g e r than f 0 I' 

the rest of the studied compounds. A general trend isj, n e- 
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vertheless. apparent. In these two saccharinates (as well as 

in saccharine itself) the C=O bonds are shorter than in the 
ionic saccharinates. while the C-N bonds are longer. It sho- 

uld also be noted that in the ionic saccharinates the C-C-N 
angles are larger than in saccharine or in the two mercury 
sacchar inates. 

INFRARED DATA C\ND CORRELATIONS WITH THE STRUCTURES 

The location of the carbonyl stretching bands in saccharine 
and the studied saccharinates is not always easy because of 

the presence- in the same spectral region, of bands due to 
some of the vibrations localized mainly in the six-membered 

aromatic ring and, in the case of the crystallohydrates- of 

bands originating from the water bending vi brat ions . These 
latter bands can be eliminated almost conrpletely by recor- 
ding the spectra of highly deuterated compounds (cf. Fig. 1) 

and the benzenoid ring stretching bands were usual 1 y shar- 

a b 

Fiq. 1. The C=O stret- 
ching region in the IR 
spectra of : 1 - Hsac. 
2 - HgS. 3 - ClHgS. 
4 - tlnSy 5 - MgS and 
6 - NaS (a - protia- 
ted and b - deuterated 

compounds) 

per than those which are be1 ieved to 

arise from carbonyl stretches. Even so. 

the number of bands attributable to C=O 

stretching vibrations did not always 
correspond to the number of non- 
equivalent carbonyl groups. Thus. in 

the spectrum of the manganese compounds 

(and, in fact, in the spectra of the 

who1 e ser i es of isomorphous compounds) 
because of symmetry reasons two car bo- 
nyl bands are found (Fig. 2). despite 
the fact that all C=O groups in the 

structure are equivalent. 

A precise correlation between the fre- 

quenc ies and C=O distances (or other 
relevant structural parameters) is not 

poss i bl e . Thus. in all compounds of the 

isomorphous series of hexahydrates of 
metal (IL) saccharinates the frequencies 

of the carbonyl stretching bands are 
nearly the same, despite the fact that 

there is significant variation of the 

reported C=O bond lengths. 

Nevertheless, it is clear that the car- 

bony1 frequency is highest (1725 cm-” 

in the spectra of saccharine itself and 
slightly but clearly 1 ower (close to 

1700 c111-~) in those of the two mercury 
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Fig. 2. The C=c) stret- 
ching region in the IR 
spectra of sacchar in 

(1) and of MnS (2) 
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compounds. In the care of the io- 

nic saccharinates (the Nap fig and 

Mn salts) the carbonyl stretching 

bands are observed at much lower 

frequencies (below l&GO cm-*). It 

should be noted that in mercury 

sacchar i nat e no band is found 

above 1705 crnMx, despite the fact 

that two of the carbonyl oxygens 

do not participate in any kind of 

interaction and that the Hg...Cl 

interact ion of the third such 

oxygen with mercury must be con- 

sidered as weak. 

On the other hand. as already po- 

inted out. in all ionic compunds 

the C-0 distances are signifi- 

cantly longer and the C-N bonds shorter than in saccharine 

or in the two mercury sacharinate compounds. It thus seems 

rat her obv i ous that I on passing from neutral saccharine to a 

saccharinate ion. a redistribution of the electron densi ty 

takes place. The free charge is apparent 1 y acting t awards 

the increase of the order of the bonds within the f i ve-mem- 

bered ring which, in turn. leads to a reduced electron den- 

sity in the carbonyl group. In the mercury compounds the 

effect is. naturally. present to a much lesser degree since 

the metal-to-nitrogen bonds should. by all means. be consi- 

dered as covalent. 

The major factor determining the posit ion of the car bony1 

stretching band(s) is. clearly. the whole bonding situation 

ui thin the saccharinate moiety rather than the additional 

interact ions (hydrogen bonding included) in which the carbo- 

nyl oxygens take part (they too have. certainly. some ef- 

fect. but it must be rather marginal). While all these 

things could have been expected. the general conclusion of 

the whole work is that one should not make far-reaching con- 

clusions about the manner of bonding. especially intermole- 

cular, of the atoms of a given group tin our case the carbo- 

nyl oxygens in saccharinates) on the basis of the behav i our 

of a single vibrational band (here - the carba xyl stretch) 

al one. This is. to be sure, known. but often neglected. 
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