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FIGUR E 2 . X-ray diffraction patterns. 
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1, Zinc eugenolate; 2, ZnO- Guaiacol mixtm e; 3, ZnO- W ater mixtm e. 

The analysis of the compound formed by th e 
r eaction of zinc oxide and eugenol is given in table 1. 
As a compound resembling zinc phenolate had been 
suggested [3] as a possible reaction product, the 
composition of zinc eugenolate was calculated from 
the empirical formula and compared with the values 
ob tained for the new crystalline compound. The 
comparison indicated that the formula for the com­
pound would be that of zinc eugenolate, 
[ (ClQH U 0 2)2Zn]n. 

The molecular weigh. t was determined cryo­
scopically in ace tamide (m olar freezing poin t depres­
sion 1<./ equals 36 .3° C). The molecular weigh t was 

T A BLE 1. Analysis of reaction product 

Elemen t 

Oarbon ___________________________________________ _ 
H ydrogen ___ _______ ______________________________ _ 
Zinc ____ ______________ ____________ ___ _____ ____ ___ _ 
Oygen (by differencel ___________________________ __ 

Oalculated Found 

% 
61. 34 
5.61 

16. 72 
16. 33 

% 
a 59.6 

5. 7 
a 17. 1 
a 17.6 

found to be 435. The calculated molecular weigh t 
when n equals 1 is 391. This indicated tha t the 
empirical formula for ZInc eugenolate IS 

(C IOH l10 2)2Zn . 
Some physical properties of the ZlllC eugenolate 

are given in table 2. 
Zinc eugenolate was found to be insoluble in all 

common organic solvents, including anisole, mesityl 
oxide, a -chloronaphthalene, dioxanone, N, N-diethyl 
carb amate, ethylene carbonate, diethylphosphite, 
dimethylamidophospha te, tributylamine, and di­
methyl formarnide. 

Infrared absorption spectra were studied in an 
attemp t to gain more information on the molecular 
configura tion of zinc eugenola te . Zinc 8-quinolino­
late was used for comparison because an X-ray 
analysis of its structure had been reported [6]. F or 
fur ther comparison, gu aiacol and the zinc oxide­
guaiacol reaction product were used . 

TABL}] 2. Some physical p1'operties of zinc eugenolate 

Dissociat ion t emperature _______________ mp __ 
Crystal fo rm a (by petrographi c analysis) ___ __ _ 
Refractive index (N~) __ __________ __ _______ _ 
D ensity ____________________________ gjmL __ 
Fluorescence b (exci ted by 3650 A radia tion) ___ _ 
SolubilUy _______ ___ __________ ____________ _ 

245 0 C 
Monoclinic 
1.69 
1.6 
White 

( 0) 

B Figure 3 and 4, respectively, show zin c eugenolate crystals and electron 
micrographs of a zinc oxide-eugenol m ixture. 

b The presence of zinc eugenolate may be readily detected by means of the 
characteristic white fluorescence emitted by this compowld whell excited by 
ultrav iolet radiation . \\' hell Simila rly excited , zinc oxide and cugollol fl uoresce 
brigh t yellow and d ark brown , respectivel y. A m ixturo of zinc ox ide and eugenol 
fluoresces deep red. 

c Very slightl y soluble hot chloroform; soluble in ammonium hydroxide. pyri­
dine, hot acetamide, and !lot butyrolactonc. 

FIG UR E 3. Electron micrograph of zinc eugenolate, palladium 
shadowed 4:1, showing the crystal habi t typical of the ex­
tracted Teaction product . 

• 'fbe low carbon, as well as the high zinc and oxygen percen tages, would be The small, rounded part icles seen in the background and on the surfaces of 
explained by tho presen ce of a small amount of zinc oxide in the purified product . the largc, crystalline for mations are probably zinc oxide. 
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FlO URID 4. Electron miC1'o­
graph of a zinc oxide-euge­
nol mixture showing the 
small, rounded particles of 
zinc oxide and the thin, 
elongated crystals oj zinc 

i1 eugenolate. 
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The sheaf·like aggregation is typica l 
of the un cx tracteci hardened mass. 

Interesting changes in infrared absorpt ion oc­
CUlTed, as shown in figure 5. In the 7.1- to 7.4-).i 
area the absorp tion due to the hydroxy aromat ic 
group of 8-quinolinol, eugenol, and guaiacol was not 
evident in t heil' zinc derivatives. Tile disappearance 
of this band is due to the replacement of the p henolic 
hydrogen by zinc. At 7.5- ).i absorption was observed 
in all three 7.inc compounds, whereas none was in the 
original hydroxy aromatics. This absorption has 
been attribu ted to the appearance of bond-bending 
strain. 

An absorption band at 6.08 ).i due to the vinyl 
group was in both eugenol and i ts zinc derivative 
spectra. This was evidence that the para subst it­
uent did not take part in the reaction. Absorp tion 
in the 8.1-).i region due to the methoxy group is 
present in both the original hydroxy aromatics and 
their zinc derivatives. However, there is a slight 
shift (not more than 0.1 ).i ) in the wavelength at 
which the absorption occurs. 

The apparent inability of the set ting r eaction to 
take place in the absence of the o-methoxy group, the 
insolubili ty of the reaction product, and the infrared 
absorption changes suggest that zinc eugenola te is 
related to the metallo-pyrocatechol complexes or 
chelate [7]. 

Zinc is a bivalent elemen t with a common co­
o]'clinaLion number of fOLlr. As such , zinc is a metal 
likely Lo form a chelate. E ugenol, guaiacol, and 
meL llylguaiacol Ilave a replacea ble hyd rogen and a 
nearby donor in the oxygen of the o-methoxy group. 
The cllClate formed would have a proportion of two 
eugenol molecules Lo one zinc. It may be repre­
sented as follows: 

The compound did not sorb an appreciable amount 
of water on storage in a high-humidity (93.3%) 
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FIG URE 5. I nfrared absorption spectra. 
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I n each case the broken line is the hydroxy aromatic and the solid lin is the 
zinc derivative. A, Eugenol and zinc eugenolatej B, 8~quillolinol and zinc 
quinolinolate; 0, guaiacol and zinc guaiacolatc. 

atmosphere for 10 days. Therefore, the formation 
of a hydrate at room temperature is not likely to 
occur. 

The set massesulting from an equimolar mixture 
of zinc oxide and eugenol contains zinc oxide, zinc 
eugenolate , and eugenol. The recovery of eugenol 
from the extraction procedures shows the presence of 
excess eugenol. A comparison of data from the 
extraction procedures and X-ray diffraction pattern 
3 of figure 1 indicates that only a portion of the zinc 
eugenolate formed was recovered by the extraction 
procedmes, and both methods show the presen ce of 
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a considerable amount of unreacted zinc oxide. The 
sheath-like zinc eugen olate crystals formed act as a 
ma trix for the zinc oxide. E xcess eugenol is sorbed 
by the zinc eugenola te and likely sorbed by the zinc 
oxide. Sorption of eugenol by zinc eugenolate is 
demonstrated by paste formation when zinc eugeno­
late crystals are dispersed in eugenol. 

4. Summary 

1. The setting of mixtures of zinc oxide and 
eugenol involves both physical and chemical proc­
esses. 

2. X-ray diffraction data and electron photomi­
crographs give evidence that a crystalline compound 
is formed by th e chemical reaction. 

3. Chemical analysis and molecular weight deter­
minations show that this crystalline compound 
corresponds to the empirical formula (CIOH l10 2)2 Zn, 
zinc eugenolate. 

4. Infrared absorption data suggest th at zinc 
eugenolate is a chelate compound with the following 
structure: 

I 
CHz- CH= CH z 

5. The se t mass resulting from mixes of zinc oxide 
and eugenol consists of zinc oxide embedded in a 
matrix of long, sheath-like crystals of zinc eugeno­
late. The excess eugenol is likely sorbed by both 
the zinc eugenolate and the zinc oxide. 
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assistance given by H . Swanson and G. Ugrinic of 
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