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New IUPAC technical report on “Physisorption of gases, with
special reference to the evaluation of surface area and pore
size distribution” has been published (Pure Appl Chem. 87 r
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(2015) 1051-1069). Important points of the IUPAC
with physical adsorption are, (1) classification of pores . = /
including “nanopores”, (2) classification of types | and |V of -

/
of Type H2 hysteresis loops into H2(a) and H2(b) ones, (4) e
encouragement of application of Ar adsorption at 87 K for /
distribution.  The supplementary description for better
understanding of new IUPAC recommendation is given using

recommendation for characterization of porous materials

adsorption isotherms into two subgroups, (3) classification
characterization of micropores, (5) encouraging of usage of

GCMC simulation and DFT methods for pore size j
physical adsorption data on nanoporous carbon materials.

Keyword: IUPAC recommendation, Physical adsorption, Pore structure, Gas adsorption, Surface area

Katsumi Kaneko is a distinguished professor of Research Initiative for Supra-
Materials, Shinshu University. He had been a professor of physical chemistry,
Graduate School of Science, Chiba University until March in 2010. He graduated
the master program of Chemistry of the University of Tokyo in 1971. He published
more than 510 papers on international journals. Chemical Society of Japan and
American Carbon Society awarded him in 1999 and in 2007(Charles Petinos Award),
respectively. He has developed nanospace molecular science using variety of in-
situ measuring systems for elucidation of molecular and ionic assembly structures in
nanoscale pore spaces. He showed in-pore superhigh pressure effect of nanoscale
pores and partial dehydration effect for confined ions and he has contributed to quantum molecular sieving
effect and water adsorption on hydrophobic carbons in addition to pioneering contribution to
characterization of nanoscale carbon pores. After moving to Shinshu University, his study has shifted to
“in-pore nanomaterials science”. He was in charge of president of International Adsorption Society from
2004 to 2007. He is a fellow of Royal Society of Chemistry, International Adsorption Society, and
Chemical Society of Japan.

Hayato Otsuka is a researcher of Research Initiative for Supra-Materials at Shinshu
University since this April. He earned his B. Sci. and M. Sci. in 2015 and 2017 from
Shinshu University. His current research focuses on gas separation by using
graphene oxide and zeolite.

Acc. Mater. Surf. Res. 2020, Vol.5 (No.2), 25-32. 25



Acc. Mater. Surf. Res.

https://www.hyomen.org

LU IUPAC B1&E L[ EIRE LD F /#1740l FL18 & ST

EFRE, KEEA
1EMKXF BT ZAT

1. PERENMSROSNIMABEDEE

T LRI T R AL S ORI ZE DT
DITHEIAAFZES I TECUND, SEEE, 1985 4
DY L DML DF v T 72V —Ta
NZBAT 5 IUPAC O#)E LI I, BRI EME
LUN T—R T )T a—T HDHNE MOF 72
EFTHLO T IR 2 &F 7 HEFLARE LD
BRI, FAUCEEL TR S Tk
L AFLREE ORFZEDNE R I RB & TE =,
[RIRF L PR AR A0 72 M0 FLA & REA VA 12 b K& e
RN, ZD IR EMDEIRO YRR
W 2 LD LR O HFLAE 1 O RFAM 5%
O TRIE S ZEE720 | IUPAC #1773201
SEEIZARENDIZE ST Y,

T A FLARIZ I3RS b A SR Ol FLAE & 2 FH
HEATAIR MOF, B EIXFESE THY
72 DIOHLRI LA SR S 2 A 3 D L A IS
PV BHHNKIEMER D LI FLE 2 5
D7 [E A E RN ARAIZRLO0NH D 2,
it 6 L OHLRIAE @&V 7 O R FLAIE TR
ENZOWTIEXMRETEZ#EH TE5, B4 7
ARR> MOF TIEfbbfiE 2 oL, B8R
72 3R ITCDOFMALNEEZ D LN TE D, BERE S
DN TE T OB E SV 2OV TH X FR R

PHEICZ o TR AR D HZENTE D, — 7,

BRARENEITEN T D010, BRLFH
S FPEDSZE L @V R R TS g 23 e
STEY, XEREPTEZEH TER0, IEERR
EDF JHFLIE T — R DT LA SR E
1%, RUE DY) PR AEVEN B B2 E %2t - T
%o bo b T E TR, X/ IMa HGELE
TR — R B DN IS TR
O RURNEVE TIEFH TRV, HDHWV
TR A T m— 7 5 FREEELL T OFRD Tl
VAL OREE R 12N> Y, XC, [BHTE
SRR AEENBFLNDMALEIT LT LA
CTIER, [BIFTEN DL DM FLAE E 1
XA 704G fa s T I2EES<H DO THY | 137

Acc. Mater. Surf. Res. 2020, Vol.5 (No.2), 25-32.

ST LL RN EZR L QWAL S
Z IR, RO R Mad DAL T O i 7
ElE LR OSBRI TR B A B X DD T,
B OEITEICLDMHTIZT T, 5 FHH0
AL ORISR E N I1T 5 R0 7H
AHEE DN CX72WNWZENRDH D, TDTDIT
BAITA N2 LN THREN B IEIC LD E
BhE 72 LR SR S L B L S D, ARELHIHE
LERDORFEMHE THHIEMERIZH> TIER
PRI A5 VRS XD M FLAE HER-A 23R 7] R TH D,

Z DO ARFE TIEH — R LA Z BN T
HZEET D, KW AEILEN DL LIS
13 HIL SE AL S FLAE 0 AT L 72D NS
LA THD, ZZTEIETRFHL TDHD
X, T a—7 0 D BT R FL 2 R A 1 1
THDHEVNIZETHD, BEURNOMFLIEIEIL3
WITHEIEL A T 20, K[URRAE DO AL
IEHIFLD 3R TT/ T A=K — DI B i /DY
B CTHD, Bl ZATIEERITS T 7 = RO S
BNLIZH KL T, Ay M LA R > T2,
Ay RO BATEARY Y MBOEH Tld7ed, Ay
NMEDNTIRE 5 1E TR D HID, B ZIEXHR /N
AEELILETO Guinier iIFT2DAFHALHIENME Y-
BT 3 RIThiiE RTA—H—%E A TVDD T,
AV MFLRR LT B2 D, F- X N EELTE
30T BT 7 BATERWHALOEHREFAT
WD, EDTDITKMRW AL, X/ M TELTE
BRI IR L H PN E T HEWAE KN T 7 A
TELHHAIE T T AfLb SO AR a7 A
WRDBND P, Fo IEMER ORI A
[N T2V O T, XE N ELT — 2%
Guinier ¥l CHENT D2 EIFEED HIL TR
Y, B E MBI L DB G AT DR D D
AFLEEIZ DWW T BB BE M L Ty
WRYD KR E DR LNDL D LT RS,

SRR AE DD X HAVDFENHITHFLAE w ik, A
FLIZHERIZR B IR 372 BRY | A FLEE (fR B 7T
T = U RRRE) LR 35 T m— T 4y F L OF A A

26



Acc. Mater. Surf. Res.

IZEo TRED (L E M OBt CH D, 2D
AFLEE TR EOMIFLZZRINICIE, EDOMIFLER L
DOT NSy TSNS, i3
L — a3 THWD M AL BRI HE FL AR
(physical width: H TRIZENRLVVEND, 543
T WG DNy L M FLBE 2T 9 2 S 1 T
EDOFEAERITIEATF T 2D T, WEERIHIFLER
VLA FLEE A A BT DR 18 DA% BERE CE 7%
SND, ZDTHFRWUTRIEL TIEEAIHE AL
P& H DR FERFEAE 2L\ b DD FER)
HIFLEE w THD, 72721, ZAUE 1 nm FEEE DR
RO EIZIZ, BOONRWVIERITHD, &
T HBRAE T a—T ORHZIL, 777 7 A&
JEHEOMMEELZSHZR LT, w= H - 0.24
nm & AWADOHREY, TUPAC BTz oK
HR DML ILTORN,

2. SHOMFLELMICIX 87 K TOTILI VRS
FRRAELNE

HFLAE G2 IO DT DO RAR T 4 15 TR
RN ERNDLENRSD, AL FHIREIER T
372K S HE BAE RIS > CHRR DO EER
DEATT D72 ThD, IhfEbNHEFR WA
TIE, RAIRBEIZE W THIE TEAH IS
D 17T K EZWHFRELL QD BEFIEELL Eo
KRG R XN E VDL, 4y 1M EVEH
DENT L — TR TN, I fLE 571
FEIE T D IR AE DI Z S0, AR
AL ICESE IO ET 54, BIER
RGP EEITOLERHY , Tz LWk 5%
IBAROFEHTIZIFIN A OB FEGR AR D B
% 9 RS I ER E IR E THD
D3, INEUWHIFLIN S~ DL B E S Sk
235, 0.7 nm LU F OMFLFEMG 2L ICHWHS
ZENDD, BT RRE A KT AL DEWVITS
Bk EB RSN P, ST, EED A
LMD 7 v —7 L L TR AW DA E I,
RIEMEIND /Ny T ThHDHIEE TT K TOHIEE
THDIZAFNR G RIRIRERZ O UE L
W2 T D, M/ Ny D~IT L WD LT
Bé . AR HRAR YT LD SRR IR £ 17
NDUETHD, o, TORETITE O
NRDBAET/2D, T LHEANIT LG5 T/ hE

Acc. Mater. Surf. Res. 2020, Vol.5 (No.2), 25-32.

https://www.hyomen.org

It

IR MY RN AE T REFER] THDH, PR
N5, BRI TIXFRHO 2R 1431 Thh,

LU, PR D E, 0 TN TE oA
FESEMOMIOR DD, ZOMOBAEG1-E
— AN DT TAME 2 D~ AT ANR)
9D, R T OO TIEITRERE IR
W6 SRRSO TR IRAE Tl 2Pl E i1
F—AUNORNRAE AL TI, LAl KR
THIXFE I AT O L, R0 1 MEEEEN
INSL72D IR -E— A MEOF AEAEH T
LEALE 2 DX 0 T RIELS & LD, RFEFR
[ BRSHFLO A B UIEUIE S DR B e
T 10°V/m VO E R RFTESEET5Y,

DI RETEG T E RO EMR - — A
MZXLT 77 K OB /L F — 0GR ER
HEAEH= VX —% 525, WEMR{-E—X
VR RPTES O HAERA D B BEAEHIC
Moy, WK EEETLHIETRD, ZDT2D

\ZEERY T ARD 2-3ERRE DR EZDHMIL
AVAT, BHREYFITESLVE AL T, M
LNEBIZEN DR WBL R 25 &2, =T
VAT X T EVHBIG T D, TS
EHIALONEEREIGDHIENTERN, 727210,
ST O G & m< T HEMFLAY O

IR AE L QD0 UL SR I S Bh A i
DD, LML, ZOFMFLANGER 3D TEEL,
R E P G A T DTN TR,

FEDT=OITHEXE 1 AT IZEL TG, ARE
NEAR TS TRAESEDE, PSR H L
O _EIINLE T W AEFRRD 2 HND, HEIE
72% BTV —EEHE CIIFEXEDY 0.4 DEZAT
WG BREDARLELTHAETDHDOT, K
FHEATUT AL 0.4 FHETHALS, £2A03, =
VRIU AT ayx S TTET AR B AT UL A
WL FERHEDS 0.1 BLRIZ72 > THEAL 2, 20D
W AEFE ATV AEAREW AT E ATV AL ME S,

TN T AT ayF T NI S TNATD
COFHLTHD O DT NI AT ayF LS
ZRAITIE 4 AR — A MR 720 ERIE
D1IRAorFRE, T2 A X0 a0
HATEOHDIZIRNLEEL, /NN THD
& AT LT BRI FRERHY | FA
BV ZIZE TR EH &N Y, 22T

=

27



Acc. Mater. Surf. Res.

@
(=]
(=]

Adsorption amount (STP) / cm® g’

(=]

0.0 0.2 0.4 0.6 08 1.0
PIP,

Figure 1.

ZEROTBED D LI ZAMICAG DN 0T V=L

B BiFensg, 7o oslx 87 K 72D T,

WRART VT WD) IRIRAEEIZ L > T 87
K COT7NILWAEIPATHIZEMNTED, Hili T
1% 100 K LLF COMREa ba— Lin3 g 5o
ERR )22 CED I o Tz, ZDIH7e
fEI2L->T 87 K TOT /LA R MR T
72 EITIR D> OH D,

1 IUPAC s Tl h SO 7 il fLO RIS
1% 87 K TOT /LA L W5 D38 B D HIL TN,
F AL — R ATIX B FE Sy TR T
IR, TN TRl AT REZ ALY D 2k
NN, FDT=DIT, TTK TOREHEEL 8TK
TOTNIALWEE T HE T/ HFLED
— R DRI 7o LA E S 2 TLHTEMN
1D X IR LAY 1.1 nm OIEPER
FRHED R BZLT N O SR RE T,
FSFHRBILTODIENE R FHE BN TH T
LA W IR AR R WA SRR IR E e
ZZRNEAOND, FHREN 107 LU N CIIEHR K
HEOIIINVKEN, 2T ERDZERE D
WERE— A NDOHRTHD, Ll fHxtE
W10 &HBR DL, T DR AEBEDIEFIDNK
&2 D, ZAVUTZE S5y 1 CIIARV VE % = Tl
ELTWDWAEERN, SORDHELWNEL T
FTNBTDTHD,

3. B FUEaAL—avHBHLIE DFT EDE
=it

1 IUPAC #) & THIERD I ITHIFLEE wildk
HRFLYEEIE A BREEL T (R 1), 1B
JfELN WA VTSl FL (w< 0.7 nm)

Acc. Mater. Surf. Res. 2020, Vol.5 (No.2), 25-32.

https://www.hyomen.org

800

Adsorption amount (STP) / cm® g'1

0

"

- -

1E-6 1E5  1E-4 0001  0.01 0.1 1
PIP

o

Adsorption isotherms of Ar at 87 K and N2z at 77 K on activated carbon fiber
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Figure 2. Pore size distributions of porous
graphene colloids determined from QS-
DFT(solid line) and NL-DFT(broken line)
Adsorption isotherms of Ar at 87 K and N2 at
77 K on activated carbon fiber
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Figure 3. Classification of adsorption isotherm"
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