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Consideration of Hansen Solubility Parameters. Part 1 (B A&7EK)
Dividing the dispersion term (8,) and new HSP distance
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Fig. 1 The volume difference between theoretical
COSMO volume and molar volume used in HSP.
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Fig. 4 The relationship between molecular weight of
rare gas and its boiling point
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Fig. 5 The relationship between molecular weight of
compounds and its boiling point

L7=MRo T, RN—=TFefbEWL, /T ADLS 7%
NI 7 TN T — LA OBTHRIL L TWB Z &R
REEND, N—T T ulb YL T ADNSFEN
F L THIVE, BAIZIFIER T TH AN, RmIbKkFEL
AR L FRETH> THLMET 2ICxENnN S LY
B0 EVIREE (89 2-300°C) B ELARE, i
X, DPEICESSFHNT 7 T Y — L A EAEH
WINZ T, IRALAKFBILEDIIRE 2 BERRAMAIER %
ALTWAENLTHD,

STt LT MOPAC 12 & » TEHE S -/ ke
B (FHHADBRIICHE) 27 ey b5 L,
Fig. 6 (2T X 912, RILKFALEWIL, \—T VA
2 LAMBLOH T AL bEWIBREGT L L
Ry oYIRVA



Hansen Solubility Parameters 50th anniversary conference, preprint PP

25

g
20 U

> ™
% 15 - =) - @ Polarizability(Rare Gas)
8 =)
® 10 ‘ol o & Polarizability(Fluoro
° £ Carb:
E AN (™| arbon)

5 g g Polarizability(Hydro

. Carbon)
9o
o
0 200 400 600
Molecular Weight

Fig. 6 Comparison of molecular weight and
polarizability.

Lo T, 1 EHY DORILKEOHREL 72
OV, SBZEO KA L LTEHEI DM,

Z Do, IRF>EFOMRF> T v BONAIT/N S T
Bo  THUE, AMIROFIAT AT L EBM ML,

BOBHIZ L LB OARMENR R | BA ORERIAY

BREFMNEZ VI A0 5THhA, [FEEC. B
BEDTFIITLICON. BOEEBHNRNBROETIC L

> Tl S v, BAMNROBF DI ES OREL T

LT, HWRNREL 2D, HFONBRITE
JRFORBROEFEBEZ L LNTELOT, i

SILFA B 2 IO THNT %,

Zo TR v ) HEEIILFEFRICE - THER
WWRELZ 7263, i “mit” EIEEIC I ST
W5, RIS OKABIRAE— A > MCHET
B, BAB-E— A2 MRBENHBBEITFEOBEREM

Ce
ED#ATHL, BEREMEEOMMmIX, S0l Th

HOTHENRLETH S,
2. 4. KFEEE L BB

Wha LB RT BABEE L OMIZITMER B
B ERIMBITUS (Trouton DEHI)

100000
90000
80000
70000
60000
50000
40000
30000
20000
10000

0
200

@ Hv@25°C(Hydro Carben)

[4/mol]

>

300

B Hv@25°C(Flucre Carbon)

Heat of Vaporization @25°C

400 500
Boiling Point [K]

600 700

Fig. 7 The relationship between boiling point and
heat of vaporization at 25°C

25 CIZIAT AR AOL A, MBI ETELS 250
[FRRDBILRDNL Y 32> (Fig. 7) &

Copyright, Hansen-Solubility.com, Pirika.com (2017)

. 1-13 (2017)

AN

L7 o T, 25CTOREBEBNIF ST B, 2
FEOEFIR LA S Fig. 8 ITRT L 51T 4
50

400

300 @ BP(Rare Gas)
33- 200 W BP(Fluoro Carbon)
— BP({Hydre Carbon)
£ 100 - [} . UH
3 u
: o : : |
§ 0 5 10 5 = ® 20 %

-100 9

-200 ) e

® %
-300
(Molecular Weight)°>

Fig. 8 The relationship between square root of
molecular weight and boiling point

2.5. 8, THD 7y E|

WS L IR L ORNITHBEBER A S 5, T
BOWLFREPEEOMITHERD D, Tz, ARE
2Hix, KO)DXDITIEME T A—% LHBERD 5,
Peo T, =T )NAa{bGY Do T EBEDFFIRIZH L
T 8y *(COSMO KFE) "2 71 v b9 % &, MRIEBHRN
Bonsd (Fig.9) .

a2 300 y = 0.0463x + 28.512
@ 150 R?=0.92 _
£ )
=5
E 200
6 150 -
2
v
O 100
L=
* 50
3
0 : :
0 5 10 15 20 25
(Molecular Weight)?*

Fig. 9 The relationship between square root of
molecular weight and §,, ¥ (COSMO-Volume) **

R—=T )G b B IEIRNT 7 T T — L Al
HEROREGT D EARE LTZD T, dpygy PEFRITIK
DEHITHRD,

Spua= (9.0463*MW 3428 512)/(COSMO-
Volume)®® (14)

Z D dpygw 1L ST H L COSMO 43 1 1RFE D Z i B IR TE
ENBHMHETHY ., HOHWWHFEBEOILEWIH < ==
— VM EERNITHD EE XD, RILKFEILED
W, 2z R—onFdefbEMERIC D TRETHH- T
b, E0EWIBEBLIOL D GWERERLHT D,

Ik, BREREROSBRICKESSHAMEMEE X, Sy,
ELTERT D, 8, WAFKIBEE L 25C TOEREEN bR



Hansen Solubility Parameters 50th anniversary conference, preprint PP

WHNDLET B L. K (15) T dp &3RDHB = &
NTE D,

8ng2 = 8D2 B 8Dvdw2 (15)

INHOHEEHEOT VA ALEY THET S
L. Fig. 10T L5127 5,

18.00

8

00009' 4
a®

<

8

¢do
Hdovdw
. B B

S LTI TTI T dofg

Dispersion Term
- -

© o N

g 8 B8

g

0 2 4 6 8 10 12 14
Carbon Number

Fig. 10 The normal alkanes’ 8, 0y, and dpy,.

S ITRBE NS Bl ON TR & I %28, W
2 Spuae XA T B, ZOFNWT 7o F LT — L AT
DT 2HEB X, DA ANRKELRDBIZON

T, HAREY 7 OREREIBD T L5006 TH D,

dpie [T HBEL D ITBRIIKFT DD T, 33 A 2

RELBRDIZONTEINT 5, TNHD 2 5O%EIX
INECORMEHEGORILOTTCH-T2, HY~—
I, R ~—%kT5E/ ~— LV EENE
VW, LMo T, RY~—%Wd 5 EREEN D HH
XD dplE. BWEOHEMYIZTHEINT 5, - T,

R~ —Z MRS DEEBED Sp TR Z W FE L,
INNGENESNDHIO Sy BEEINDIGA, LK
TRWENEIREN DS, L, WO §, k&L
2% EWIT Spygu 1 T/NEL 2D, Froxid, Kok H7
DT RFED /N S IRV BN R R T VR IR )1 B RO 2 & &
STWNWD, /WNERpidzr br b —NIZaRTHD
P TIERL, KRER W 2AT DI LM G EEE
L7 id7e 570,

Z DHENC - T, HSP X 4 k5t (4D-HSP) (277
L, O BEEDEIZED LT, ~rvU M, Nk
VIRMRERZR LT E R L L D/ O ZEMNTE D,
ME— D RREIL, Hansen ZEfil % 7T 7 4 IR T D
ZEEAS, [y 6, OO ZRRRITINZ
Ty [0 g, Opre (0,50 D" 1EBIV X TERTRT D
DITAHED S L,

2.6. FH LV HSP D FEHER
4AD-HSP Ti. #H L HSP HHEEDO R, (16) 2Mfib
nb,

Distance o5, ={4.0%(dp;-0p,)” +(0p;-0p,)* +(Dyyy-
o)} (13)
Copyright, Hansen-Solubility.com, Pirika.com (2017)

. 1-13 (2017)

Distance,;; = {(dpyay1-Opyaw)’ +(6ngl'6ng2)2 +(8p;-
0p2)* +(8yy-0112)"}™° (16)

VA fi R o SRR 7 19 FRIE ORI A IV Tl
HSP =2 204 L 7=,

Table 1 The typical 19 kinds of solvents

Hcode name dD dP dH dDvdw dDfg
7 acetone 15.5 104 7 1063 11.28
92 butanol 1-Butanol, Butyl Alcohol 16 57 158 10.00 1249
115 gamma-butyrolactone 18 16.6 74 1mn 14.16
148 chlorobenzene 19 43 2 10.95 1553
255  diethyl ether 15.49 29 46 10.06 11.78
306  14-dioxane 175 18 9 10.90 13.69
326  monoethanolamine 168 68 20 10.79 1287
375 2-butoxyethanol butyl cellosolve 16 51 123 983 1263
491 4-methyl-2-pentanone MIBK 153 6.1 4.1 968 11.85
531 nitrobenzene 20 106 31 1098 16.72
532 nitroethane 16 155 45 11.26 11.36
584 Propylene Carbonate 20 18 41 11.21 16.56
637 toluene 18 14 2 10.13 1488
649 trichloroethylene 18 3.1 53 12.16 1327
368 ethylene glycol 17 1 26 11.19 12.80
521 N-methyl-2-pyrrolidone NMP 18 123 72 1040 1469
599 2-pyrrolidone 182 12 9 10.83 1463
612 1,1,2,2-tetrabromoethane 202 7 82 15.01 13.52
297 N.N-dimethylformamide DMF 174 13.7 13 10.54 13.84
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BxlL, SplE—2DNEIFNLAELTND EEZTE
2o ETNFETTEZDEIRILT T T 4 v IICERS
o & ZITERITZ2 B2y, £ 2T, Hansen (3 &, Dl
2MFICIER LTV EME Lz, 75 &, B
FEHUIER E 2oz, 7T 7 4 ANERIEZT ORETA
<. EBEOEMEBRNL L, O Z 2T HLERH -
2o L22L. FH LW HSP BEBERIE, Op % Opyw B E D
6mv\%¢é L& 5T, 4.0 LWV RE7R LICTE
ROBEREL IZIEFE CHEREA R L7z, T72bb, BB X
ZRAD BN L TN D EEERT D,

4.0%(8p-0p,)” = (6Dvdwl_6Dvdw2)2 +(6ng1‘6ng2)2 (17)

INET, L OWEEN L0 DEWRERFTL, B
TR ERE LN, MEEE LTT4 08 —FEN
THEY, ZOREIL0 FEMICbZEnEIT ST
7=,

2.7. ¥ L\ HSP EEEER 0 EAM

Fe %1%, Z o Distancey,; DU MHEEZFHRD 720
W2, AU~ —OEMERBROBSRICEHTToEHE L
72, Hansen I%. 1967 4E|C 88 FRHD IR A T 33
FFHOR Y ~—OIRME 2Tz, 2 HOMRIT
HSPiP V7 N = TIZHEE L TERHIN TV D,
HSPiP V7 b v = T71%, NI ~—% X IAfRT DR

DN v DIRFRER DN, ViR L 72 WIREERSER D 44
zH s & o0z, WRHREROHPLEBREZERT D,

INEATH & 2 FEOHFISS, Wrong In & Wrong Out 73
N5 EnHDH, 22TV WrongIn &1, &HDHIE
BEOD HSP 3> v OUFREROHICALE S 2 0lz, #E
BRZIIAR Y ~— %R L2 WEES 5, Zhux, filx
1%, HSP BUICITIRIET D972 0720, WO 5+9

Copyright, Hansen-Solubility.com, Pirika.com (2017)

ARXPKENVTZORMTE RN EOBENET b
%. Wrong Out (%, HSP HYIZIZIEMR L2V T 7203,
YA RPNNE iz ba =0 TR
L EOBRNET BN TW5, HSPIP IC##E S T
WADNCECDEERE T AT 4 7T T AT X
LX, Z® Wrong In Z#E1 LU CTIEEZ1T 9,

7= 1ZBA%E L7z 4D-HSP & Distance,; Z FAVTC, ZHh
HOR Y~ — OV Z FRICRE L=, BRoFl L
PRERD DT AT Y X AL, Wrong In & Wrong Out
DTN 25X /INEL L, DOBRMERO PN
LDERERTDHHDIZR o TWND, fEFR% Fig. 13 12K
S

w—=This work Wrong[in+Out]

2 S——H5PIP Wrong [In+Out]

Wrong In+Wrong out
i

Fig. 13 False fit numbers.

1 SOFIFZ FRUVNT, Distance,y, & AV 5 & [fiE-
R S AL D I OBUIKIRIZTHA LTz,

Elo, BONTEERY v —DBEMEKO YA % Fig. 14 12
ﬁ_“—gﬂo
2 ww—=This work Radius
20 —HSPIP Radlus
215
&
H
3 10
w
5
0 +rrrrrrrr T T
%V#b%@qp@}i- # q,‘—a@)@‘ﬁ-’\/%qyo‘bv.
QﬁQ(}\\Q@\Qé;@Q\*q(}QQ @zo\iqo Q@\ \*QO q(}i “'#76:3, 6‘* @

Fig. 14 The radius of Hansen’s dissolving sphere
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Fig. 15 The group contribution calculation result.
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8p = (12.9%28.85%2 + 16.4%22.05%3 +
19.0%37.02%1)/160.88 = 15.76 (&)
Spr, = (7.5%28.85%2 + 14.3%22.05%3 +
1.5%37.02%1)/160.88 = 12.03

8p = (0.7%28.85%2 + 1.5%22.05%3 +
8.1%37.02%1)/160.88 = 2.75

8y = (0.1%28.85%2 + 0.9%22.05%3 +
10.8%37.02%1)/160.88 = 2.86
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Table 2 The coefficient list of standard Functional Groups

Label dD dDfg dP dH CosVol MW Label dD dDfg dP dH CosVol Mw
CH3 12.9 15 0.7 0.1 28.85 15.034 NH 20.7 178 9.7 14.9 16.53 15.018
CH2 16.4 143 15 0.9 22.05 14.026 NH_R 19.0 15.5 14.1 18.3 16.41 15.018
CH2 R 17.0 13.7 1.7 1.9 21.65 14.026 NH@Ar 30.7 28.7 16.6 23.6 15.08 15.018
CH2: 11.0 0.0 32 42 26.50 14.026 N 252 247 9.3 1.9 10.27 14.01
CH 212 216 0.1 0.0 14.67 13.018 N_R 25.0 222 16 19.5 9.26 14.01
CHR 19.1 18.0 0.0 0.0 14.57 13.018 N@Ar 30.3 313 0.0 16.4 12.07 14.01
CH: 19.0 16.8 0.1 0.1 18.26 13.018 C#N 17.0 125 21.8 9.6 34.12 26.02
CH:R 173 14.0 23 53 17.95 13.018 C#N@Ar 18.9 14.8 20.8 44 34.00 26.02
CH:_reso 183 149 0.1 48 17.84 13.018 NO2 17.9 124 20.6 6.9 40.26 46.01
#CH 14.2 9.2 3.6 4.1 24.50 13.018 NO2@Ar 19.3 14.0 15.7 1.6 38.78 46.01
¢ 333 372 0.1 53 5.48 12.01 SH 19.1 15.0 9.0 9.7 3640  33.078
CR 31.7 325 0.1 0.0 6.58 12.01 SH@Ar 226 19.0 3.1 9.1 3717  33.078
C: 26.0 26.6 0.0 0.0 10.42 12.01 S 234 20.6 7.0 6.9 28.33 32.07
C:R 254 253 0.1 4.7 10.64 12.01 SR 23.1 19.2 1.4 11.6 28.15 32.07
C:_reso 245 240 1.0 0.1 10.12 12.01 S@Ar 272 249 9.7 0.0 28.20 32.07
Cerrr 253 241 0.1 1.1 10.92 12.01 S:0 23.8 20.5 210 9.4 38.82 48.07
#C 19.6 16.7 1.1 6.6 14.87 12.01 NHCO 213 17.2 23.1 17.5 4213  43.028
OH 18.4 113 16.6 36.6 18.05 17.008 NHCOR 237 20.6 240 13.1 4267  43.028
2 0H 18.6 12.6 15.0 322 18.29 17.008 NCO 244 218 223 13.6 34.89 42.02
3.0H 19.8 15.7 12.4 253 18.58 17.008 NCO_R 226 19.7 19.2 12.5 36.30 42.02
OH@Ar 17.3 10.7 13.5 28.8 18.84 17.008 0C00 17.6 13.5 109 9.6 47.85 60.01
(0] 17.8 12.1 12.2 10.9 11.97 16 OCOOR 195 14.5 29.0 10.3 50.20 60.01
OR 18.0 11.7 13.1 12.4 12.06 16 CF3 10.7 0.0 18 0.0 52.73 69.01
O@Ar 220 18.0 16.1 16.7 11.30 16 CCI3 17.9 13.2 0.0 0.0 94.36 118.36
C:.0 20.8 17.4 14.0 9.6 25.69 28.01 CF2 134 35 0.0 1.1 36.24 50.01
C:O_R 224 18.9 15.1 8.9 26.16 28.01 CCl2 18.8 136 6.6 43 62.76 82.91
C:0@Ar 233 19.9 16.8 1.7 25.54 28.01 CF 15.9 78 0.0 0.0 21.27 31.01
HCO 171 124 14.5 10.4 34.57 29.018 CcCl 20.6 18.2 6.7 3.9 36.98 47.46
CHO@Ar 182 14.0 18.4 12.4 33.72 29.018 F 0.1 0.1 0.0 4.6 14.84 19
COOH 17.9 13.2 11.8 221 4437 45018 Cl 16.4 8.7 0.0 0.0 27.46 35.45
COOHeA 194 15.1 11.4 19.4 43.99 45018 Br 19.8 10.2 71 6.3 36.43 79.9
coo 19.0 15.2 8.1 10.8 37.02 4401 I 210 11.4 5.6 5.2 47.22 126.9
COOR 19.3 142 25.9 11.6 38.47 44.01 Si 10.7 13 0.0 0.0 29.98 28.09
COO@Ar 176 143 13.6 6.3 37.69 44.01 P 17.7 13.7 6.5 0.0 30.30 30.97
NH2 17.7 121 10.2 171 22.95 16.026 B 20.5 18.8 0.1 0.0 13.34 10.81

NH2@Ar 20.6 16.2 13.7 242 22.30 16.026

ASNTnITET AIERP KPS, LienoT, £
Table 3 Calculation of Butyl acetate’s 4D-HSP DOFFITFAMEE LTRHA S, DFhriha<R
Do INEMRT DT, KVRERIN-T2EE
THMENSH D, HSPIP Y7 hU =7 Tk, 7F /L
CH3 |129| 75 |07 01 | 2885 | 15034 | 2 MEHRINTNWD 7, AXOMEIZITVEIZ D,

ARFEREATEICE L T, AL /&L 72
5, ZHE, HSP TIIKFEHAHZLED X SIS

Group | 4, 0 oy, 4. | 0, Vol MW | No

CH2 16.4| 143 | 15| 09 | 2205 | 14.026 | 3

COO 19 | 152 | 81 | 10.8 | 37.02 | 4401 | 1 DORFEEMEN DR TND, Opld, REEDZEFEIEEL &
ENARBEPORESND, KT, MigFE—A b

Total 160.88 | 116.16 (BLUFHEER) 26 S BWRTE S 4L, O BIEITHEMND
WEEND, LT, WOKXQCD NS &y FHHT
50

SYRRIEIEEF R AN LN S Ml & 72 Dy SV HBIE T e e
SFOBHFE— A2 b (BLOFER) Mo Oy’ =07-0p -0y (21)
NAMETh D, TSGR, 272kt 25T . . S

: DINFT ST OIAD T LT D,
U LT LE D 72, 2 TIND Y = (2 P A8 feo TR DNRT AT OEAD = IS
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2.9. Further insight

VRIS AD-HSP DA L > TEFRIN AL
fEPEICBT 28 LWRERE LN D, Bz 1X, HSP
[8p » Op , Ol SEERR 7 F WA Y DRI A2 T — X X —
ATHRERTDE, RO XD RN R SN D,

Butyl acetate =[15.8, 3.7, 6.3]
Methyl propyl amine = [15.7,3.9,5.9]
Tridecanoic acid =[16.2,3.3,6.4 ]

SN OWIEE R T FI% 5% O TEFEL L, 4D-HSP
[6D( 6Dvclw? 6ng)» 6P 5 6H] %1‘\%‘7":0

i

Butyl acetate =[15.6(9.93, 12.03), 2.75,2.86]
Methyl propyl amine =[15.0(9.73, 11.43),2.27,2.44]
Tridecanoic acid=[16.3(9.06, 13 .49),2.89, 3.78]

Op T T 5 & —FBRER LD T I3 DETLN RN
D3, Opyaw TIX 0.87, Opy, TIL 2,06 DA/ D, FlZIT
K[15.5(13.34,7.89),16,423172 E D/ 751 L kb
[ VAR NI T E VI N AV/ AN Opuaws Opre PFEL L
TIIIEFICRE EL o THN S,

ZDO X 9T, FHE &N 4D-HSP X, Opyay EAF D
RESEKBMLTWDEN, ZRTHEE> TS, £
T, 4D-HSP MEIEE U722 6, [\ CIARE %2 /R9
A9

4D_HSP [6D( 6Dvclw’ 6ng)7 61) s 6[—[]0)%?@&{] foc Eﬁgﬁa)%ﬁ
LD LS ICHEY H LT,

Ester =[18.98(14.55, 15.19), 8.14,10.77] Vol.=37.02
NH =[20.67(15.64, 17.79),9.69, 14.93] Vol.=16.53
COOH =[17.9(13.4,13.2),11.8,22.1] Vol.=44.37

INHIT 4 WonZEi] ECIEFICESITMELTND Z
CIEBLMNTHASH, TAND THAH L 4D TH
59 & WD HSP 13+ OFEE L L TREND,
HRI7e HSP M K& S B7p > TV TH, BREROFE
¥, oo L OIS L - T, S

BT 2R S 5,

ZDEHEIL, 4D-HSP # W T H R U ~— DR %
100% DIEETEVEERVWEINTH D L Ebh 5,

3. #Eia

ZNET, &bEMRO T II0AHRNMH <AL
SUIRDORIKEZETHALEEZ DN TETZ, LM
S LTI RIEAKREZETHH-TH, HBRICHE SR

=X /1Es
L, €

)
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VHEEERZ L TCWAZ &R LT, a0 AL R

DTN R N—= T v A v b e & B RESAR AR

DENMEEW & I 72 L, HSP D4y (8,) &2, 997
7 TN — b AN FES L Sy B E . B REILAH A AE
T HA < dp T E (25 EI L 4D-HSP & L7,
Z D 4D-HSP % iV 7= HSP JEEEIS B2 <27 F v
2—7 Uy FEEEECTHY, ZHETHUETH-=M1E
R 4. 0 1T B2 L 7e o7,

4D-HSP Z fH{EICEH BT 5 7= O DR M5 512 B R
L7

MOPAC (T £ % /3R 5 I3 B G Lo &y 245D DItk
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English Abstract:

Dr. Hansen divided the energy of vaporization into a dispersion term (dp), a polar term (dp) and a
hydrogen bond term (&) in 1967. These set of parameters are called Hansen Solubility Parameters
(HSP). We treat HSP as a three-dimensional vector. With respect to the method of dividing the energy
of vaporization, there is no objective technique. From experimental values such as latent heat of
vaporization, refractive index, dipole moment, dielectric constant, a self-consistent set of HSP have
been derived. This is a big problem in applicability to new compounds especially when the molecules
becoming larger relevant experimental data are hard to find.

Also, when calculating the similarity of HSP vectors, a coefficient of 4.0 precedes the dispersion term rather than the
Euclidean distance of the vector. The factor of 4.0 found by Hansen has not been derived thermodynamically, but it
continues to be used for 50 years as the factor that can substantially reproduce the solubility correctly. In this paper,
we consider the implications of the dispersion term and divide it into two terms, thus creating a 4-dimensional HSP
(4D-HSP). When using this 4D-HSP vector, it becomes clear that there is no need for the factor of 4.0 for calculating
HSP distance. Furthermore, by assigning 4D-HSP to each functional group constituting the molecule, the 4D-HSP of
the new molecule can be easily obtained.
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