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Hansen solubility parameters (HSPs) are affinity descriptors applicable to many various compounds,

and the present authors have promoted their in-house deployment in applications such as materials

design and failure analysis. However, depending on the compound, existing determination methods

can be problematic with insufficient accuracy; therefore, in this study, we explore an alternative HSP

determination method employing inverse gas chromatography. Additionally, we utilize the proposed

method to analyze HSP molecular-weight dependence, and we present an example of HSP determination

for polyether ether ketone, a poorly soluble resin.
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Schematic diagram of inverse gas chromatography process
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LEIENE Results of PMMA solubility tests for 28 organic solvents

Solvent ﬁ(iv[Pa)l/z] %V[Pa)l/z] %\/IPa)l/Z] Solubility
Acetone 155 104 7 soluble
Tetrahydrofuran (THF) 16.8 5.7 8 soluble
N-Methyl-2-pyrrolidone (NMP) 18 123 72 soluble
Pyridine 19 8.8 59 soluble
Benzyl alcohol 184 6.3 137 insoluble
Dimethyl formamide (DMF) 174 137 11.3 soluble
y-Butyrolactone (GBL) 18 16.6 74 insoluble
N-Methyl formamide 174 188 159 insoluble
Aniline 20.1 58 112 soluble
Nitrobenzene 20 10.6 31 insoluble
1-Butanol 16 57 158 insoluble
Salicylaldehyde 19 105 12 insoluble
1-Methyl imidazole 19.7 156 112 insoluble
Toluene 18 14 2 insoluble
Methyl ethyl ketone (MEK) 16 9 5.1 soluble
Dimethyl sulfoxide (DMSO) 184 164 10.2 insoluble
N,N-Dimethyl acetamide 16.8 115 94 soluble
Chloroform 178 31 5.7 insoluble
Diacetone alcohol 158 8.2 10.8 insoluble
Acetonitrile 153 18 6.1 insoluble
Methyl n-amyl ketone 16.2 57 41 insoluble
1,1,2,2-Tetrachloroethane 188 51 53 insoluble
Dibenzyl ether 19.6 34 52 insoluble
Isoxazole 188 134 11.2 soluble
Dimethyl methyl phosphonate 16.7 131 75 insoluble
Cyclopentanone 179 119 52 insoluble
Dimethyl phthalate 18.6 10.8 49 insoluble
Dichloromethane 17 7.3 71 soluble

@®Good Solvent
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The sphere center

corresponds to the HSP
(17.6, 8.7, 9.2)
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Solubility sphere constructed from PMMA solubility-test results (HSPiP ver5.4.08)
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S BRI D B, 22Ty T,2100% 2 L72BED FIWT L7245, T,090% Dk EEC Iz L7z & %1213k X
90%- 92.5%. 95%2 %72 % Kl (DL T,090%D i BEALIZR OGN ol 2O D, KAFHIE
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BUEOEHVEENRY 700 X5 THhH I EHIRE
K7z, WsERBOHSPG,y, 6y, 5,75\ R 6 Dak
1 LTEH L7-Flory-Huggins DM HEAEH /85 x —
5 & Xeae & U Xexp & Xeae PHIBIEREA R 5 < 72 5l
EAEOHSPEBE L7zo O, WEIREICB
% 70— THEBEOHSPIIRTE W, &7 10— 75
OBIGRRED OFE L2. ZORITBEERREE
R o Tz, MHBREAD R b 5 < 72 ZHSPOIRKICIE
Generalized Reduced Gradient method % Fv:72,

(%)p = —1.25848

(), =)
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5 b HIBR BT W Z TR L 72ROy & e & DA
MA/R$ I 7%Fig. 5IRd, 29 LTHELNZH
EiE (916 C) 12BIFHHSPIZ (164, 72, 64) Th
D, ZZhHR7EHNT2 CTOMICEIRT S &,
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J AR B SCRRE ™ & 9 0.00025 & L CRME L 720 HllE
FENERL OO, ZOOHE NPT, S5 51 /-HSP
OMERZ 5% —FERLTBY., LML HEVv, 2

RK7)

HSP at 25 °C [(MPa)/2] HSP(Meas. Temp.)[(MPa)*/2] Xexp
Sp 8h &d &p 6h 1st 2nd
0.0 0.0 13.7 0.0 0.0 2.112 2.224
0.0 0.0 14.0 0.0 0.0 2.531 2.611
0.0 0.0 14.3 0.0 0.0 2.536 2.628
1.4 2.0 16.4 1.3 1.8 0.624 0.695
8.8 5.9 17.4 8.5 5.2 0.081 0.096
53 7.2 13.9 5.0 6.3 0.316 0.321
7.3 7.1 15.0 7.0 6.2 0.039 0.018
18 6.1 13.6 17.2 5.3 0.792 0.785
8.8 19.4 14.4 8.5 17.1 1.049 1.033
5.7 15.8 14.7 5.5 14.0 0.675 0.685
6.8 17.4 14.7 6.6 15.4 0.803  0.802

& @ o o o
& & 5 N 5
O@ (Jé& < \’% QK

S s

B Experimental Flory-Huggins interaction parameters (y) between PMMA and each solvent, determined

via inverse gas chromatography
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LCTw% (Table 3)
BoNMEE LT, PMMA Tid4F&100001 ¢
% BICHSPO 5 TR AEE O DAL T 5 2 L AVUR
I, Thbb, Ko TR (110°-10Y) & EaT1
I (10°-10°) T, 84 6,0 S, OELOFEHHE %
2 W REMEAVRIE S 72,
ESRAREE LT, RYVAFLVIZBWTLHT
B OB NEHE B & W 72 24T 720 Fig. 812
RTELIICKRY) ZF LV THPMMA & RIS 1=
100001 3t % B2\ HSP O 45 F- = ARAE A D 0] 25246 9
5 ZENIRENT, PMMA®#HED 3R L HAZA100 Da.
RYZAFLUH104 DaThbI e E2EETLE, B&
Z HABE1001H i THSP O 45 T mARAE M o [ 3 AL
T 5 EARMBE N, —BEIITIE. EA 100K
DEAEIEA) T —, EAEI00L Lo ESAITR
V=, RXRGENEIENL W, ThiE. EAEL00
s e LTI E OB AEALT 5 & YRR
SN TWE72DTHb, SHESNIHERL, &
AEE100M 3 % B2 L CHSP o4 TR ic k& 74
EWHITEY, Zhifioitioss) & iz L T
DRMLHERTHDLEEZBND,

1P PMMA HSP values at 25 °C determined using each method

04 0, O
Conventional method* 219 19.3 20.8
IGC method
This study 16.7 7.2 7.1
Literature values 174 85 7.1
Solubility sphere method -
This study 176 8.7 9.2

FRILF 2026

*Slope method by Voelkel et al.
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35 M, = 3,190 M, = 5,190 M, = 9,500 M, = 112,700
M, =31901st ®M,, =31902nd Solvent 15 20 15 Zw e P I 2nd
Heptane 2.899 | 2903 |2335 |2.418 |1.831 |1.856 | 1.621 | 1.659
u = [ | =
3.0 M, =5190 Tst My = 5,190 2nd Octane 3132 |3.143 |2588 |2.612 |2.049 |2.048 |1.884 | 1.903
m M, =95001st  ®WM, =95002nd Nonane 3229 | 3242 |2.764 |2.766 |2.359 |2.323 |2306 |2317
BM. =112700 1st WM., = 112700 2nd | Toluene 1590 | 1.592 | 1.163 | 1.185 | 0.462 | 0.469 | 0.402 | 0.416
25 v ! " ! Pyridine 0.493 | 0.490 |0.033 [0.043 |0.059 |0.076 |0.251 |0.261
Ethyl Acetate 0.474 | 0.466 | -0.061 | -0.051 | 0.250 | 0.256 | 0.444 | 0.450
Dichloromethane | -0.297 | -0.302 | -0.456 | -0.445 | -0.147 | -0.154 | 0.132 | 0.143
20 A itrile 0.714 [0.712 | 0506 | 0506 |0.679 |0.681 |0.756 | 0.761
Ethanol 1.058 | 1.070 | 0.856 | 0.863 | 0.952 | 0.953 | 0.914 | 0.959
1-Butanol 1238 | 1.240 [0.728 |0.745 |0.715 |0.721 |0.851 | 0.867
15 1-Propanol 0.817 [0.815 |0.632 |0.638 |0.641 |0.711 |0.823 | 0.821
1.0
0.5
-05 II ||..II
] ] ) ) ) 2 e A% > > >
& & & & S & & & &° &° &°
3 & & > & @ X N S N N
NG << <0 L) s <& &© < 5 Q©
J o (& N N
5 S \e
< N
&
0\

Experimental Flory-Huggins interaction parameters (y) for each solvent, determined via inverse gas
chromatography for PMMA samples with different molecular weights

M, =3,190 M, =5,190

3.5 o 3.5
3.0 °® 3.0 ®
2.5 2.5 ..0
2 —
20 | FEZ0I7 ?(5) R=109938
515 .,_.0 500 P
1.0 .} 0.5 .,,.'
05 o 00 @@
0.0 ~ 05 @
05 ® -1.0
0 1 2 3 0 05 1 15 2
Xcalc Xcalc
2.5 2.5
® °
2.0 y 2.0 r
1.5 R> = 09856
N Q1.5 R2:0'958Z-".’. [ ]
-5 1.0 [ 38 -5

0.5 o® H Y 4
00 & 05 oo

-0.5 0.0
0 0.5 1 1.5 2 0.5 1 1.5 2

Xcale Xcale

o

Correlation between experimentally determined Flory-Huggins interaction parameters (y.,) and values
calculated from HSP distance (y.,.) for PMMA samples with different molecular weights
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L5 HSP values at 25 °C for PMMA samples of different molecular weights. These values were optimized to
maximize the correlation coefficient between the experimentally determined Flory-Huggins interaction
parameters (x.,,) and those calculated from the HSP distance (y.)

Mw N 64 L 5, L, 6, L, Correlation coefficient
[(MPa) ] [(MPa) ] [(MPa) ] between Y., and Xea
3,190 1 157 91 74 0.988
2 158 9.6 74 0.985
5190 1 155 8.2 7.2 0.997
2 156 84 73 0.996
9,500 1 169 72 6.9 0.993
2 168 6.9 6.8 0.994
112,700 1 17.3 7.2 6.5 0979
2 17.3 71 6.5 0.980
1,155,000 1 16.7 7.2 72 0.995
2 16.7 73 73 0.997
; o o ° Mop ; ° e ° ®e Wop
16 °e Adh 10 o ¢ Aoy
14 14
812 512
§ 10 E 0 L
s o s
= 8 D , . - = 8 n
6 1 6 i
4 4 AAl. R e 1
2 2 = A4
0 0
1x10° 1x10* 1x10° 1x10° 1x107 1x10° 1x10* 1x10° 1x10° 1x107

Molecular Weight (g/mol)

Molecular Weight (g/mol)

Molecular-weight dependence of Hansen solubility parameters for PMMA and polystyrene

4. IGC%E AW /-E#RMBIIEPEEKOHSPAIE

IGCEDEMLIZBVWTEE B LEDO—20, &
fRER T O EDHE L WEEAYESECTH 5. PEEK
(R)Z—=FNVZ—FIVF b ) (BN BRI,
iy, BZEMrFHFORA—N— =Ty V7
TIAFy 7 THY, METH. HEHE, K, BT
HREMLECHETHHENSG, 2OX) REEPS.
HIR AR BRI L 2\ 72 O VR BB I
bhb—), —HOBEIIBVTIE, B ALK
HER R WL IR E RSB A 525 2
ERMENTWE Y, 29 L2 5, PEEKO
HSPZE#H% Z L1k, BHHRER KLY X 7 Gl —B)
LK%,
PEEKOHMEIZSE BT, KR OMEE 1T\,
T, 51637 C. HFEERAH28 m*/gTH b 2 & 2 fE
U720 W, JER 0% 2 IS X T,090%

FRILF 2026

DOIEITHE T 51200 CIZEEEL. LA2L, 2O
M CTHIE#4T - 728, PEEKOHSPHIZETidoh F
TOFGERIZHA, R OZE 5 2 & 25 HERR
ENszo HEHE£20-350 mgDHiPHTHRET L 724 3.
80 mgAiii TldFlory-Huggins M HEAEH /85 A —F x
OWMEEIE T, 2D LVWHSPS LN h o
720 ZMiE, PEEKD A 7 AEEBIMED B W /2012,
T 5E T EE LA PMMAR R Y A F L V2 AT E R
DFEMTHY, Tu—THEHETAORERES NS
Z T, BEMMEIVNES O E ERMEREEINS L %
DT EC, MEEHZ TG TE RV EAERK
7ELHEgRE e,

ZOMFEWGEES A 72, #FHE & TFSC (Target
Fractional Surface Coverage : ¥ > 7V HAL (2 %f
T3, BATZAOKRWAEMHEEOEE) OMAGD
BN & DML EEDPEAT B 22V THREES L 72
350 mg? = CTFSC#%0.002. 0.005. 0.01. 0.02&
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2.0
15 -
r3
~®
1.0
R?= 09878+
. .
505 o
= o
0.0 .
o4
05 |
°
-1.0
0.0 0.5 1.0 1.5
Xcale

BN Correlation between experimentally
determined Flory-Huggins interaction
parameters (Y.,) and values calculated
from HSP distance (y..) for PEEK

PEEK-pellet swelling ratio in each
solvent.
PEEK pellets (~500 mg) were immersed
in 2 mL of each solvent at room
temperature for 2 weeks

Solvent degree of swelling
Acetone 0.8%
Tetrahydrofuran (THF) 2.1%
N-Methyl-2-Pyrrolidone (NMP) 2.8%
Pyridine 2.1%
Benzyl Alcohol 1.5%
Dimethyl Formamide (DMF) 2.1%
y -Butyrolactone (GBL) 0.5%
N-Methyl Formamide 0.7%
Aniline 1.1%
Nitrobenzene 1.8%
1-Butanol 0.9%
Salicylaldehyde 1.2%
1-Methyl Imidazole 0.8%
Toluene 0.4%
Methyl Ethyl Ketone (MEK) 0.7%
Dimethyl Sulfoxide (DMSO) 0.9%
N,N-Dimethyl Acetamide 1.3%
Chloroform 4.0%
Diacetone Alcohol 0.5%
Acetonitrile 1.2%
e it
1,1,2,2-Tetrachloroethane 2.7%

23 Copyright © 2026 Sumitomo Chemical Co., Ltd.

Dipole —
dipole interactions

5, [(/cm)1/2]

% e?
S, 5
PN 4 (\‘\ \\’L\
29,8 oL &

1/? o,O@S RS

m Solubility sphere constructed from PEEK
swelling-test results (HSPiP ver5.4.08)

LT LZZEZA, yOHZEMIZ00ILL ETEEL,
POty I VBRRAE» SFE SN EARED LR
230.02TdH o 7272, TFSCIIEREW e KIETH
5002 L7z, 2o X912, FROERHER TR
[ 7 VREEES—EMEU L] 22D [HAEH—
EMWEUE] OISR VEIE L SHEAHE 28
WTELWITREMEDTRIE S 7z,

PLEO#EFEA 6, PEEKOHSPHIEICB VT, +
DREREEID . ROUWEMIZE L 2l =
350 mgx M L7z

a4t GREHE350 mg. TFSC=002) 125\,
DT T — THEBEIZOWTrEMlE L, 57l
Xl U720 5N 72x.,,& HSP distance? 55 H
L7 DM IR A E 2B X HICHSPRIEZR L2 &
ZAH.r* = 098780 MM A S, PEEKOHSPE L
T (174,56,57) »MEoih7: (Fig. 9) -

BEN-HSPOMEDS L EDWFAED 728, BBk
%\ CHSPOH M 2 47 W ILHARGEE L 720 BB BRI
FEo L BMEREE LT, PEEKXL ¥ b (500 mg)
220 (%2 mL) (SR C2MMIEE L. KR
HENSHSPZEH L2 25 (175, 54, 5.8) OffiAs
B5N7 (Table 4, Fig. 10) o A5 IH4HTIEVE
THYH, IGCHELLHEIS LWMESEON-Z & 2R
LT\ (Table5) .

—H. giﬂmlfﬁﬁfééof:IGC‘Zﬂ:ﬂ:'\‘\ R ER
FIIRGBE EHEEOBEREIC L o TIERPE e
T BEEICLo TREPEHTLI LD, FBIC
B+ o BEENLETH o0 2D LI, HEMEE
N 7% BB 0 & BRI CRHIE 9 5 121k, 4 TIEIK
ROV RREEDOREND L7200, —FKMIZHSPZE ED
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LS PEEK HSP values at 25 °C determined
by each method

b4 0, O

IGC method 174 56 5.7
Solubility sphere

method 175 54 58

HIENMLWEEND L, THITH L. IGCHE T2
ENTHREEIZIE L. Yoyt DB &9 R
f%%ﬁ%ﬁt%ﬁwkwiﬁggnfwéoit‘
T GBI R T E A A OB D 7 L VRS
OREW - NFEOBETOEN R TE L 20155,

2L, AERIHL T TPEEREBIECH S
PEEKHOTENT 7 AFOHUSPOBEHBETH %,
L72h% o TR SRS 5 VW IZPEEK &R 2 574l L 72 %
DThV. — T, bRbNHRARLRY, PEEKD
Hildebrand D fREE /S5 X — & (SP) 12BI3 5 3CHki
AT 50D, HSPORLE D 5 LHkE D175 2
ENTELRDPoT2 TOZEHNSYH, PEEKFOTE
V7 7 AEROHSPOR M HARIZ T4 2 ilifE 235 b . 153
SN72TENT 7 AFBOHSPZ V5 Z & T, PEEK
OB BEDRE R Z NI L WML DA W
TP B DRSS,

TEDH

HSPIESP% 5301, BB, KFEHEAETI DI
24 E L. HSP distance & L CHIHE O BAME % 2 &
ILTELIBETH 5o BMHIRTIIHEEN WA+ 5
YA THEN»SHSPEELNLFIMDDH ST,
FERDERR EILEE, By b B LU
AE L2 0, BB WA ICERPEE D IC W
By FREANV=T MOl EAGREE R D 1R 5,

IGCEH\W/-HSPOH I, BERREE 70— 7%
AT A DM HAEH % RFFEE 2 SFHECTE 5720, &
FRERE TN W EHC S BT RE A D 5, 7272
L. IGCT b N 5 RF%E) 2 HSPAEH 5 2 H
WORLUEDSEETH Y, BAAETIIMTEEREL
B2 ZHSPME SN LB HE S Tniz,

—7 . AT L72IGCH:ZFlory-Hugginstl H
TERIRTG X =% LT, HSP2EMNT 2 HETH
%o BAKAYIZIZ, HSP distance?d HFME L 72y £ IGC
B HAF T Koy DA A IR A & 72 ZHSPRRF T 5
ERMHEETH D, 512, WTFETESRIHSPE
DWIIZBWTHZYREIR LN LR, BFEK
FHARBE AR, — DB R ISR DD
52D, RFFIZXIGCIC X AHSPEH D@ IZE
T2HbDEEZOND,
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72720, IGCHEIZ X ) EBICHSPE H I3 A B8
WESGHFZENEETSH )., BETHREHENEIC X
LRAF O . T &2 LRERE. BLO
TFSCIZ & 2B AmBMKAL L EVUETH 5, FFITH
M E R Tl SREHE & TFSCIZ %58 HUISASEAE L.
RN L EARD—EMU L Thw EMEER % IE
LABIMCE VI ek REN2 00, WES
PFOBREIE T HEET 208N D 5,

D E#EZF 2, IGCEIZE Y. PMMA, RYAFL
Vv BLXUPEEK®OFED S LWHSPZHIE L7z 25
12, PMMA, BXUEKY ZAFL Y IZDOWTIZHSPOS
FREFEICOVT O EGR L7z AFEEBIHANE
OSFEFRTMICHEHEINTBY, 5B 35058
FH#EIPA OIS HIFF S B,

A E

ARREDOERH72 . R THEZH) L
7ZBTRS: AT BRR IR R IR IR G L L
JEd,
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