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Partie expkrimentale 

851 

Isolement. La fraction sesquiterpenique dtudide a C t B  obtenue A partir de 500 g d’essence par 
glacage et distillation du filtrat. Le rCsidu de la distillation (80 g), aprbs separation de l’andthole 
restant, a dt6 soumis k une chromatographie sur colonne d’alumine neutre activde Prolabo. Une 
Clution B l’hexane livre le melange contenant la totalite des hydrocarbures scsquiterpkniques 
(3,75 g) correspondant au 0,75% de l’essence de d6part. 

L’examen en chromatographie gazeuse de ce mdlange montre la prdsence de trois constituants 
qui sont ensuite sdpards par chromatographie gazeuse preparative (appareil Varian Aerograph 
700) en utilisant une colonne Carbowax 20 M 15% sur Chromosorb, W 80/100 mesh; L = 3 m; 
0 = 9,5 mm. 

Constantes physiques et donne‘es s9ectroscopiques d u  y-himachallne ( T I )  : 
d i i  = 0,9258; n g  = 1,5100; [a]g = - 7,4” (c = 0,24 dans CHC1,). 

Cl,H24 (204,357) Calc. C 88,16 H 11,83% Trouvd C 87,90 H 11,70% 
UV.: I,,, (isooctane) = 225 nm (log E = 4,23). - IR.: 3060fa, 3020fa, 2960ff, 2920ff, 2880ff, 

2725fa, 1670m, 1630m. 1470ff, 1465f, 1445f. 1385ff, 1372ff, 1360ff, 1340fa, 1335fa, 1270fa. 
1240fa. 1225fa, 1200fa, 1180m, 1160m. 1145m, 1120fa, 1065fa, 1020m, lOOOm, 965fa. 945f, 
930m, 910fa, 885-870f, 860m, 830-815-805-785f, 775fa. 740m cm-l. 

Spectre dc masse: m/e (1%) 204 M+ (67), 189 (27), 161 (35), 148 (30), 147 (21), 133 (92), 121 
(44), 119 (82), 107 (44), 106 (47), 105 (89), 95 (45), 93 ( loo) ,  91 (87), 79 (45), 55 (47), 41 (81). 

Les spectres IR., NMR.-lH, NMR.-13C, masse, ont B t C  cnregistrds respectivement sur les 
appareils Perkin-Elmer 521, Varian A60-A, Varzan CFT-20 (20 MHz) et Hitachi-Perkin-Elmer 
RMUdL (75 eV). 
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97. Surface Chemistry of Polymers 
Physical Adsorption of Nitrogen, Argon, Sulfur Dioxide 

and Neopentane on Polyvinylidene Fluoride 
by Jean-Philippe Houriet, Patrick Ghiste and Fritz Stoecklil) 

Institut de chimie, Universitk de Neuchbtel, Switzerland 

(13. 11. 74) 

Summary. The adsorption of nitrogen, argon, sulfur dioxide and neopentane on polyvinyIidene 
fluoride has  been measured by static methods and by gas-solid chlomatogra,phy, The polymer 
has a homogeneous surface of low encrgy, which is not significantly affected by heating. 
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1.  Introduction. - In order to complete the present series of investigations, we 
wish to report the surface properties of polyvinylidene fluoride (PVDF), measured 
by static methods and by gas-solid chromatography (GSC). The physical adsorption 
of various gases on PVDF showed similarities with the case of polyvinylidene chloride 
(PVDC) [l] [2] and polytetrafluoroethylene (PTFE) [3]. 

2. Experimental. - The static measurements were carried out with the volumetric B.E.T. 
apparatus described earlier [2] [4]. Owing to  minor improvements, the temperature of the calori- 
metric jacket could be kept constant within *0.1 K, between 78 and 95 K. For adsorption near 
room temperature, the temperature of the sample was kept constant within & 0.05 K by using 
a cryomat (Lauda, type I< 50 DW) with methanol as a refrigerant. This device proved to be 
better than the various cryoscopic mixtures and baths used previously. Each isotherm was re- 
peated a t  least once. The chromatographic measurements werc carried out as described earlier IS]. 

Polyvinylidene fluoride (trade name KYNAR) was supplied by the Pennwalt Corfi. (Holland) 
and used without further treatment. The surface varied between 8 and 9 m2/g, depending on the 
samples. The adsorbates were oxygen-free nitrogen and argon (Carba S A ,  with a stated purity 
of 99.9%), sulfur dioxide and neopentane (FZuka AG, stated minimum purity of 99%). The latter 
were purified by repeated condensations and evaporations during which only the middle frac- 
tions were kept. 

3. Results and discussion 
Nitrogen adsorption, at 77.4, 87.3 and 97.4 K. The isotherms (type 11) are 

shown in Fig. 1. The B.E.T. plot gave a surface area S, = (9.11 f 0.2) rnzg-l, as- 
suming a molecular cross-sectional area of 16.2 * 10-20m2 for N, at 78 K. The average 
isosteric heat of adsorption Qst given by 

was derived from the three isotherms taken in pairs. Fig. 3 shows that this quantity 
is practically constant for surface coverages 8 > 0.3. 

-5 -1 

N,/(lOmol g') 

L' 1 I I I I J 

100 300 P/ Tor r 
Fig. 1. Adsorption of nitrogen o n  PVDF 
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Argon adsorption, at 77.4, 87.3 and 97.4 K. The isotherms (type 11) are shown 
in Fig. 2. Assuming a molecular cross-sectional area of 16.5 - 10-20m2 [6], S, = (9.4 & 
0.2) m2g-l. This value agrees well with the result obtained with nitrogen. The cross- 
sectional areas usually suggested for Ar [7-91 are too small in the present case. The 
problem has already been discussed [6] [9]. 

100 300 ~ / T o r r  
Fig. 2. Adsor9tion of argon o n  PVDF 

The isosteric heats of adsorption are shown in Fig. 3. They are close to the average 
enthalpy of liquefaction, with a slight increase near half-coverage. 

0,5 1.0 coverage 0 
Fig. 3. Isosteric heats of adsorption of nitrogen (A) and argon (B) o n  PVDF. The broken lines refer 

to the corresponding cnthalpies of liquefaction (near 78 and 87 K) 
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Neopentane adsorption, at 253.1, 263.1, 273.15 and 278.1 K. The isotherms 
(type 111) are shown in Fig. 4. This type of isotherm does not yield reliable values 
for S,. 

10 - 

100 300 P/Torr 
Fig. 4. Adsorption of neopentane on PVDF 

The average isosteric heat of adsorption (Fig. 6), derived from the isosters, is 
somewhat smaller than the average heat of condensation, but constant and equal 
to (- 20 f 0.5) kJ/mol. 

N, 1 0 ~ ~ ~ 1  $ 1 

100 300 P/Torr 
Fig. 5. Adsorption of sulfur dioxide on P V D F  
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Adsorption of sulfur dioxide, at 263.1, 273.15 and 293.1 K. The isotherms 
(Fig. 5 )  are practically linear for the whole pressure range considered. The value of 
the cross-sectional area A, had to be assumed from measurements on PVDC [Z] 
(A, = 24 * m2, against 19 . 10-20 m2 from liquid density measurements), in order 
to compute 8.  The isosteric heats of adsorption (Fig. 6) fall rapidly, to become vir- 
tually equal to the enthalpy of liquefaction at the average temperature T = 273 K. 

-QS>(kJ rnol'l) 

10 
0.5 1.0 coverage 8 

Fig. 6. lsosteric heats of adsorption ofneopentune (A) and sulfur dioxide (B) o n  PVDF.  The broken 
lines refer t o  the corresponding enthalpies of liquefaction (near 263 and 273 K) 

The adsorption isotherms of the four gases show that there is no penetration or 
retention on the surface of PVDF, unlike PVC [4] [5 ] .  Moreover, by using the gas- 
solid chromatography techniques described earlier [5]  with methanol and neopentane 
as molecular probes, it was shown that PVDF is not affected by heating to about 
360 K [lo]. Heating to 420 K reduces the surface area, without affecting the enthalpy 
of adsorption of methanol at low coverage. The reduction of S, is not surprising, 
since Tf = 444 K for crystalline PVDF. The heats of adsorption of neopentane and 
sulfur dioxide at low coverage, measured by GSC near room temperature, are con- 
sistent with the static measurements. This confirms the homogeneous character of 
the surface of polyvinylidene fluoride. 

Entropy calculations of the type described earlier [Z] were also carried out. Com- 
parisons with the predictions for two-dimensional gases show that nitrogen and argon 
are quite mobile a t  87 K, the entropy of adsorption being 10-12 Jim01 K larger 
than the value predicted for the loss of one degree of translation (42 J/mol * K). 
Graham 131 found that nitrogen was super-mobile, when adsorbed on the surface of 
polytctrafluoroethylene in the same temperature region. For argon, on the other 
hand, the loss of entropy was equal to the value predicted for the two-dimensional 
gas. In the case of adsorption on polypropylene [ll], nitrogen and argon are slightly 
super-mobile. The results for PVDF are consistent with these observations. It also 
is found that neopentane and sulfur dioxide are slightly super-mobile on PVDF, 
near 270 K. 
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The various investigations show that the halogenated polymers have similar 
surfaces, of low energy. In the case of PVC, however, a slight complication arises 
from the penetration of certain molecules and from the modifications caused by 
thermal and chemical treatments [4] [5] [lo]. The problem of adsorption potentials 
on these surfaces will be dealt with later. 
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98. Rhodium-katalysierte Isomerisierungen von 2-Methylidenglutar- 
saureestern zu Methylglutaconsaureestern 
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Summary. The Rhodium(II1)-catalyzed thermal isomerization of 2-methylidenglutaric acid 
esters affords predominantly mixtures of cis/trans-2-methylglutaconic acid esters (2, 3) which 
upon slow distillation isomerize completely into the cis-esters (2) .  Saponification of 2 yields trans- 
2-methylglutaconic acid (5). Attempts to prepare the acid chloride of 5 produces 6-chloro-5- 
methylpyrone-2 (9) or 6-chloro-3-methylpyrone-2 (10) which react with anilines to N-substituted 
derivatives of trans-4-methylglutaconic acid amides (11). The thermal isomerizations of the 
respective esters are discussed in terms of 1,5-hydrogen shifts in their ester enol structures. 

1. Einleitung. - Der praparativ leichte Zugang zu den 2-Methylidenglutarsaure- 
estern durch die katalytische Dimerisierung von Acrylsaureestern hat uns veranlasst, 
die katalytische Isomerisierung der Doppelbindung in 2-Methylidenglutarsaureestern 
1 a-c zu untersuchen und somit einen einfachen Zugang zu 2-Methylglutaconsaure- 
estern zu eroffnen. 

2. Isomerisierungen von 2-Methylidenglutarestern. - Die Ester 1 a-c iso- 
merisieren sich in Gegenwart katalytischer Mengen Rhodium(II1)-chlorid und des der 
Estergruppe entsprechenden Alkohols als Co-Katalysator im Temperaturbereich von 
170-210” zu einem Gemisch der isomeren cis-2-Methyl- (2 a-c) , bzw. trans-2-Methyl- 
glutaconsaureester 3 a-c und in geringem Masse zu trans-4-Methylglutaconsaure- 


