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Calorimetry of Small Molecules Physisorbed on the Surface of Graphite
Akira Inaba, Hideaki Chihara
A review is given with 21 references on heat capacity measurements of nitrogen, catbon
monoxide, and monodeuterated methane physically adsorbed on graphite. Phase transitions

including melting of the surface sub-monomolecular films are demonstrated and discussed.
Many of authors’ unpublished results are described.
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Fig, 1 Adsorption isotherms of nitrogen and
argon on iron. Curves show the fitting
of BET equation. V is the amount of gas
adsorbed (at S.T.P.). The monolayer
capacities were calculated as (1) 124.7
(2) 123.5(3) 130 (4) 128.4 cm®.
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Fig. 2 Differential heats of adsorption of argon
on potassium chloride and cesium chlo-
ride.

il

52

2. BEBROBHENIE

WEZOESFE, EICESTFRBIC VTS, #SE
BOMRLGHE QBT . bbb, 7 IrDFROM
HHTE, REBOHFAERERSNLIDONSDIT, +
T2OMEETH, $H2O3RENE (HEEETEL0,E
SOHEEBEGH L) OFHEEFERALTHLE TS, L
OFIERXEICWT 0", T T BRI EERE A
<, HIBEED FEZORRICHEEL, HOBERHE
T2b0EEL, WEFTEEZOADBIT BN~
SOMEADB T EILT B,

BAEHBAEE L TR, RESERORE, M9 E
FUBRDBEROHTE, REROMENSHS. AC AR
) A NY—bEDATV S, RESEHRORERIFTRE
CEEBENH D, BEBEDIEHINISEDIITHELN TS,
WEMRIEERL OO ARSVONEEIILS, 1 k]/
mol DARE XHH 50T, AIEEREIRE TR, &
BLOLELDF -G EN TS, LL, BE
SEHE MBI BEOOT, BOEREROHEICIE, BE
ZERHEORTE LG, [EEVET O MICENT 5 &
%, EEARBRALBSOEBENREALARELTLES
EVSRENH L, —H, BERBEERL > TREL
T, 20OKEs s, BRERLELHNBE1/10000LL
TrOTHRbBODORBE LEENERsNS.- ACH
oYX bY—3, BEROATEEELT, BEDOHATE
HEL D BN TOEY, EHAE TN &, BN
HHETH B EDOL 5EH LD 5. bubUIEREN
AEHE B OIY, HATHEGEIL L2 REEDANE
HRER L 72,

YIBRERORFEANBA Y 2 MY —THRIET S
A3 19584E1C Morrison, AstoniC k- TIITdbnT
VWEE, Lol BERAIERESI LA TIT, BRED
FoEHoEHEIC OO THERTIEEOBRL,AES
N tre UFOETHENT S 24 v (CH DT
TR, FEN McMaster K¥TMorrisond 3]
THE > - BIROERTH 05, T THE- &S
EREIC O NHbWDOHEEOBET LB LALHUTH
LHDT, bbhOEEBYIC>W THEFICKIBT %,

3. BMEEME

bhbpBfEL B (Fig. 3)dbEbEER U
FOREHEB T VY OEEROBRRERE T 5 7-HIC
BISE L ADT, 754425y MCTEE~Y T LD
REMBBLTHD, 7 74425y bR, BEE
FV AT =IO TWT, ZOOMYTEEERNND
Z, OHIFTANBOBEEA~NY v L BEOCBETHENIE

Netsu Sokutei 17{2)1990



K/ 757 5 1 DYERESRDBRME

a bcd
N I
o = P § = H
(S S [
1 G
F
ﬁ E
D
Q c

By

L ]

10 cm
[ S

Fig. 3 Calorimeter/cryostat assembly showing
sections of refrigerant can, adiabatic
jacket, and thermal station (copper ring).
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Table 1
GTA

An example of heat capacity run of nitrogen/Grafoil

Mass of calorimeter vessel (copper)
Mass of Grafoil mat

Nitrogen gas

Initial temperature

Final temperature

Temperature rise

Energy input

Total heat capacity

Heat capacity of vessel + Grafoil
Heat capacity of adsorbed nitrogen

405¢g
621 g
1.274 mmol
69.1215 K
71.5068 K
2.3853 K
1747231
7.3250JK!
7.2571 J K
0.0679 T K =53.3J K" mol™!

Specific surface area of Grafoil mat (BET method)!?) 24 m? /g

Monolayer BET capacity for itrogen

0.25 mmol/g
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Fig. 4 Molar heat capacities of nitrogen sub-

monolayers on graphite for coverages 1/3
and 5/6. Heat capacities of bulk solid are
also shown for the sake of comparison,

Fig. 5 Structure of commensurate phase of
nitrogen and carbon monoxide on the
basal plane of graphite, called herring-
bone structure. Dashed lines represent
two glide lines.

W, MEROEBLEERICKTE LS 0T &R TS
éo%®;5E75z7~ﬁiﬁwﬁgcgu&§¢5
DTHHS5,

—%, ZIRUCOBBCHEY G 349K OB BRI MBS
CRESCBIET B0 BBEL/NS O E X ZREDES T,
RESBOBBELRID, WERHSBINT 31 >hT
RRAURE C, BEBRNSS, kEBicEod L 5,
Table 2 iICRBE L~ b o U —DHBRIC L 3Z(LAR L
7o W%’FB&CBU65&%&lif;11ﬁ>’&&6—~430)’C7bi‘7b>
DELT, BAMEDEZI TN, B ELBB TV BEE
LUSHBLLELT, BEDOTY b o -0l ateEg
5&, Table2DBAMD LS A, ng i A HKE
TELOHBEDOERE, TEEDONTHEEOKTH
S0 BMIMOERMEEL 100 I EBHBIES & 5 115 23,
bL, AT LT, BABEL CHNT, DEVER
DELNTHITH A L& DB EEZLE, BT VI
PE—DOEIMNE RIn (07Y) TH 2 (6 REEER), O
@%T%mzmﬁsﬁw%ﬁtocnﬁ§%3ﬁ&®@
ICPHEBARD A SN B, BEROAZWLIES LS
ROBFDE S EAMEE OREDS Lo SE 0, B
T2 LR FOURENCHEI NI F 3T B L S,
THID 5 7 7 4 + S DEEHIHNL & L TRET S
%,

5. CO/U957-4 0%

Table 3iC B L7z K 51T, CO #5132 Yymag e
Ny EHEFIC LSBT S0 MEAELTI, Ny TIRES
T heE—B0THLDIE, COTIE 33K mol!
DERIYPaE—2EETEY, COBHTY bo v
—BERAT, CONTOHERDKMMNIL L, BT0
RIEADENI E FIRBICH - CHEE L 72 fo s & 7 % f#
BUOW B SN T B, 5% 0 COZBIZ0K T
BIRPEAREE (75 2ME5R) TH D & L EsKkED

Table 2 Melting point and entropy of fusion of adsorbed nitrogen
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1/6 45.5 25 13 15
1/3 48.2 18 7.5 9.1
1/2 48.9 15 4.1 5.7
5/6 53 4 0.1 1.5
— 87— Netsu Sokutei 17{2)1990



% & B

£z

Talbe 3 Comparison of solid properties of nitrogen and carbon

monoxide

N, COo
Structure of g phase P6,/mmc P6,/mmc
Structure of « phase Pa3 ~ Pa3
« — § transition point 3561 K 61.55K
« — B transition entropy 6.4 JK-! mol™! 10.3 JK™! mol™
Triple point 63.14 K 68.09 K
Nearest neighbor distance 39.9 pm 39.9 pm

100 \7
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Cn/JK 'mol™!
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Fig. 6 Comparison of molar heat capacities of

nitrogen and carbon monoxide at cover-
age 5/6 on graphite. The anomaly in
carbon monoxide data at 5.4K is due to
the long-wanted phase transition of
head/tail ordering.
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Fig. 7 Comparison of entropies of adsorbed
nitrogen at 80 K derived by calorimetry
and by isotherm measurements at dif-
ferent surface coverages. © indicates
calorimetric results. Solid curve is the
result of isotherm measurements. Dot-
dash curve indicates that the results of
the two independent measurements can
be reconciled if isosteric heats of adsorp-
tion in Fig. 8 are corrected like the dot-
dash curve.
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Fig. 8 TIsosteric heats of adsorption of nitrogen
on graphite, which were used to derive
the entropy of adsorbed nitrogen at
80 K. Dot-dash curve shows a possible
correction to obtain agreement with
calorimetric entropy.
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Fig. 9 Rotational energy level diagrams of

CH;D adsorbed on graphite for the two
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Fig. 10 Heat capacities of CH3;D adsorbed on
graphite showing a Schottky anomaly at
2 K which explains the energy diagram

of Fig. 9. There may be another Schottky
anomaly at about 0.1 K.
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