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DU POAN TINH CHAT MOI TRUONG
CUA MOT NHOM CAC CHAT HUU CO SU DUNG MO HINH

PINH LUGNG CAU TRUC VA PQ TAN
Lé Thi Pao - Pham Vin T4t
Truong Pai hoc Thii Dau Mot

TOM TAT

Trong coéng trinh nay, gid tri do tan cia 27 hop chdt hitu co duoc tinh todn bang viéc st
dung cdc tham s6 mé td phan ti khdc nhau. Quan hé dinh lugng cdu tric do tan QSSRs
duoc xdy dung bing cdch két hop ki thudt héi qui boi va gidi thuat di truyén. Cdc tham so
phdan ti quan trong logP, SsCH3_acnt, ABSQ, nelem, nrings, SHBa, Gmax, Gmin, Xvp6 va
Xvped duoc chon dé xdy dung moé hinh QSSRs tuyén tinh bing gidi thudt di truyén. Mo
hinh QSSR tuyén tinh 4 bién tot nhat nhan duoc tit cdc tham sé mo ta. Chdat luong cia mo
hinh QSSR tuyén tinh nay thé hién & gid tri thong ké R, = 96,600; sai s6 chudn udc tinh
SE = 0,2961; F-stat = 156,0; gid tri P = 0,0; R%. = 95,020 va gid tri RSS danh gid chéo la
2,823. M6 hinh mang noron 1(4)-HL(4)-O(1) véi R2luyén = 99,030 duoc xdy dung bdng cdc
tham s6 trong mé hinh QSSR tuyén tinh 4 bién s6. Cdc gid tri do tan du dodn ctia cdc hop
chdt hitu co nhan duoc tit cac moé hinh phi hop tot véi cdc gid tri ti tai lieu.

Tw khéa: quan hé dinh luong cdu tric dé tan (QSSRs), hoi qui bdi, mang noron

*

1. GIOI THIEU nghiép va cac qua trinh tdch cdc chat
Do tan cha cac hgp chdt hitu co trong  trong tu nhién.
nuéc la mot trong cac tinh chdt moi Quan hé dinh lugng ciu trac va tinh

truong quan trong nhat dé gidm sat va  chat (QSPR) dugc thanh lap bang ki thuat
ddanh gida moi trudng. Tinh chat nay la  hdi qui bdi va cac danh giad thong ké khac
can cd dé xd li cdc chat 6 nhiém méi  nhau [2, 3]. Mang than kinh nhan tao ngay
trudng trong cac ngudén nudc thai ciia nha nay dang st dung trong nghién ciu quan hé
may héa chat. Po tan thé hién kha nang  dinh lugng cdu tric hoat tinh QSAR da dua
phan téan cia mot chat 6 nhiém di vao  ra trong tai liéu [4, 5]. Ki thuat tri tué
nude. Vi vay, tham s6 nay 1a mot trong  nhén tao k&t hgp mang than kinh, logic my
nhitng chi s6 ¢6 gid tri d6 dénh gid mic  va giai thuat di truyén thé hién tinh chét
do phan b& va doc tinh clia héa chat. Cdc ~ meém déo khi tim ki€ém cdc mdi quan hé
tham s6 COD va BOD ciing lién quan mot ~ Pphic tap va tinh vi trong qud trinh khai
phan dén do tan cia héa chat hitu co. Ca4  thac dir ligu [5].

hai tham s6 nay da dugc st dung dé danh Trong cong trinh nay, ching toéi dua
gia chat lugng nude. Piéu nay cling quyét  ra ki thuat st dung hoi qui tuyén tinh boi
dinh viéc s dung héa chat trong cong  va mang than kinh dé xay dung méi quan
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hé dinh lugng cau trac va do tan QSSR
khiac nhau. Cac tham s6 mo tid cAu trac
phan tir 2D va 3D cla cac hop chat hitu co
duoc tinh toan khi st dung két hop co hoc
phan t& MM+ va héa hoc lugng t ban kinh
nghiém SCF PM3. Cac mdé hinh QSSR
tuyén tinh va QSSR noron dugc xay dung
tif cdc tham s6 cau trac véi su hd tro cia
gidi thuat di truyén. Gi4 tri do tan cta céc
hop chat hitu co du dodn bang md hinh
QSSR tuyén tinh va QSSR noron dugc so

sanh v6i dit lieu thuc nghiém.
2. PHUONG PHAP TINH

2.1. Dit liéu va phan mém

Gia tri d0 tan thuc nghiém cha cdc
hop chit hitu co nhan dugc tif mot ngudn
[1], dua ra trong Bang 1. C4c tinh chat
mbé td phan td 2D, 3D va cdc md hinh
QSSR tuyén tinh xay dung bing Regress
va QSARIS [7, 11]. C4c mo hinh QSSR
noron dugc xay dung bang INForm [9].

Bang 1. D) tan thuc nghiém cia cdc hop chdt hitu co 6 25°C [1]

STT Hop chat logS STT Hgp chat logS

1 Isooctan -3,699 15 o-dicloro benzen -1,796
2  Pentan -1,398 16 n- butyl acetat -0,168
3  Cyclohexan -2,222 17 Etyl ete 0,838
4  Cyclopentan -2,000 18 Metyl isoamyl xeton 0,231
5  Heptan -3,5623 19 Metyl t-butyl ete 0,681
6 Hexan -1,854 20 Metyl isobutyl xeton -0,268
7 1,1,2-tricloro trifluoro etan -1,770 21 Etyl acetat 0,940
8 1,2,4-tricloro benzen -2,600 22  Metyl n-propyl xeton 0,775
9  Toluen -1,284 23  Trietyl amin 0,740
10 Cloro benzen -1,300 24  Propylen cacbonat 1,243
11  Cloroform -0,089 25  Metyl etyl xeton 1,380
12  n-butyl clorua -0,959 26  isobutyl ancol 0,930
13 Etylen diclorua -0,092 27  n-butyl ancol 0,893
14 Dicloro metan 0,204

Qua trinh thuc hién xiy dung va
danh gia mo hinh qua cac giai doan:

- T4t ca cic truong hop, trir trudong
hop thi nhat duge st dung dé khép hodc
luyén mo6 hinh. Gia tri quan sit thd nhat
duge du dodn bang moé hinh QSSR tuyén
tinh hodc mo hinh QSSR noron phu hop,
gia tri léech Y;- YAl dugc xac dinh.

- T4t ca cac truong hop, trit truong
hop thi hai duge st dung dé khép hoic
luyén moé hinh. Gia tri quan sat thd hai
dugc du doian bing mé hinh QSSR tuyén
tinh hodc mo hinh QSSR noron phu hop,
gia tri léch Y,- YA2 dugc xac dinh.

30

- Qu4 trinh thuc hién ti€p tuc nhu
thé&, mdi gid tri quan sat dugc du doan
bing mo hinh tir cdc trudng hop con lai.

- Céac gid tri R%es trung binh toan cuc
nhan dugc tir cdc md hinh § trén.

Thuc hién danh gia chéo, tap dir liéu
dugc chia thanh 2 tap dif lieu nhé gom:
nhém dit lidu luyén va nhém dif liéu kiém
tra. M6i mo6 hinh QSSR dugc thanh lap tu
nhém luyén st dung dé du doan do tan
cac hgp chat hitu co trong nhém kiém tra.
Su phu hgp t6t nhat cia md hinh QSSR
tuyén tinh va QSSR noron dugc thé hién
& gid tri R%yupen va R%g; hiéu chinh tuong



ung; kha néng du dodn cia cdc md hinh
duge danh gia chéo va thé hién & gia tri
R%,.«; kiém tra:

- Y. gid tri quan sét;YA: gia tri du
doén;Y : gid tri trung binh;

- Nhém luyén: Rzluyén (m6 hinh tuyén
tinh va m6 hinh noron);

- Nhém kiém tra: R%.i (mdé hinh

tuyén tinh va noron);
3. KET QUA VA THAO LUAN

3.1. Tinh toan ciac tham sé phan
ta

Céc hgp chat hitu co duge xay dung,
t61 uu héa va tinh todn cdc tham s6 md ta
tinh chat c4u tric dic trung phan tit bing
co hoc phén ti trong HyperChem [1]. Céac
tham s6 cau trdc 2D va 3D, tham s6 hinh
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hoc, tham s6 thé tinh dién phan ti, tham
s6 phu thudc dién tich va hé s6 phan tan
octanol/nuéc nhan dugc ti hé thong
QSARIS [7, 11].

3.2. Xay dung quan hé QSSR tuyén
tinh

Mo hinh QSSR tuyén tinh dugc thanh
lap bing hé thong Regress [6, 8] va
QSARIS [7], cdc tham s6 cdu tric phan ti
duge lua chon dua vao mé hinh bing gidi
thuat di truyén theo ki thuat tién héa vi
phan. T4t ca cdc qua trinh chon lua tham
s0 cdu trdc phan ti dua vao céc gia tri
thong ké mé hinh: R?,u,, sai s6 chudn
SE, R%.q, R%west va gid tri F-stat. Cac mo
hinh QSSR tuyén tinh t6t nhdt nhan
duge dan ra Bang 2.

Bang 2. Cac mo hinh QSSR tuyén tinh (sé tham sé k = 1 dén 5)

va cdc gid tri thong ke

Tham s6 thong ké va

Mo hinh QSSR tuyén tinh

tham s6 mo6 td cAutric A (k=10 Bk =2) Ck=3) D% =4) E (k=5)
phan t

R%uyen 93,320 94,820 96,010 96,600 96,680
R? .4 93,050 94,390 95,490 95,980 95,890
Sai s6, SE 0,3890 0,3495 0,3136 0,2961 0,2994
F-stat 349,2283  219,8180 184,3612 156,0465 122,1842
R%est 92,170 92,980 94,420 95,020 93,830
Hang sb 0,9217 1,5831 2,1581 1,8666 0,3449
logP -1,1566 -1,1350 -1,1926 -1,2251 -0,9714
SsCH3_acnt - 0,1503 0,1931 - 0,1933
ABSQ - - -0,5721 - -
nelem - - - - 0,4477
nrings - - - -0,5465 -
Gmax - - - - -0,0469
Gmin - - - 0,3202

Xvpb6 - - - - -2,9653
Xvpced - - - 0,5461 -

Trong Bang 2, cdc md hinh QSSR tuyén tinh phu hgp nhat dugc chon véi s6 luong

tham s cdu tric trong cdc md hinh dao dong tir £ = 1 dén k£ = 5. Su thay déi s6 lugng

tham s6 cau tric din dén thay ddi gia tri Rzluyén va R?%.s tuong tng nhu md ta ¢ Hinh 1.
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Hinh 1. o) Biéu dién su thay ddi do lon gid tri R®,,., va R, theo so bién k trong mo hinh.

b) So sdnh gid tri do tan thuc nghiém va do tan du dodn doéi véi mébi hop chdt.

Trong cdc m6é hinh nhin dugc, mo
hinh QSSR v6i % = 4 cho gia tri R%. dat
gia tri cao nhat, sau d6 giam khi £ tang.
Nhu vay, mé hinh QSSR véi & = 4 1a phu
hop nhat so véi cdc md hinh con lai. Chat
luong cia modé hinh QSSR nay dugc thé
hién & gia tri R® = 96,600; sai s6 chudn

uée tinh, SE = 0,2961; F-stat = 156,0 va
RZest = 95,020; mo6 hinh QSSR (véi & = 4)
duoc kiém tra bang ki thuat danh gia
chéo loai dan tiing trudng hgp véi gia tri
thong ké téng binh phuong hodi qui RSS =
2,823. Mo hinh héi qui QSSR tuyén tinh
nay c6 dang:

logS = -1,225LogP + 0,5461xvpc4 + 0,3202Gmin — 0,5465nrings + 1,86663 (1)

Nhu vay, tdp di liéu luyén dap ung
tot va mo td bang md hinh QSSR (1) rat
c6 y nghia vé miat thong ké. Ki thuat
danh gia chéo cho thdy mo hinh QSSR(1)
c6 thé duoc st dung dé du doan logS. Céac
gid tri thong ké kiém tra tinh cé nghia
cia cdc hé s6 trong moé hinh QSSR(1) (véi
k = 4), dugc dan ra & Bang 3. Kiém tra
tinh c6 nghia ctia tham s6 da chon trong

mo6é hinh, tién hanh 1dy 100 lan ngau
nhién ctia cdc gia tri logS trong sé céc
chdt dua ra. Gia tri R® - R?, véi n = 1,
2.., 100 dugc tinh cho méi m6 hinh QSSR
trong cdc mdé hinh tuong Gng. Gia tri
trung binh cha R%, = 0,1504; gid tri
trung binh binh phuong 30 léch la
0,09849. Khodng cdc gia tri R?, ti
0,004609 dén 0,4679.

Bang 3. Gia tri thong ke, hé so ctia mé hinh Q@SSR (1) v6i k = 4 va kiem dinh gid thuyét

Tham s6 Heé s6  Gid tri P Sai s6 chudn Thong ké t-stat Kiém dinh gid thuyét
Hing s6 1,8666 0,0000 0,1171 15,9421 Gia tri P < o = 0,05
logP -1,2251 0,0000 0,0575 -21,2943 Gia tri P < a. = 0,05
Xvpcd 05461  0,0419 0,2528 2,1603 Gis tri P < o = 0,05
Gmin 0,3202 0,0019 0,0908 3,56260 Gia tri P < oo = 0,05
nrings -0,5465 0,0010 0,1448 -3,7736 Gia tri P < o, = 0,05

Cac gia tri phan tram déng goép, P.xi,% cia cidc tham s§ doc 1ap trong mé hinh
QSSR (1) véi k = 4 xac dinh qua su dong gép ctia cdc tham s6 biang gid tri Cia dugc md
td 6 Bang 4. Phan tram déng gép trung binh MPux,,% cia mdi bién doc 1lap dugc xéac

dinh bang cong thiic:
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Mka,%=%] [100\bm, m./Z\bmk mkj (lOO\bm. m.\/Cmm) 2)

0 day N = 27 1a téng s6 hop chat, m - hop chat can tinh P,xy,%.
Su déng gép mic d0 quan trong cia cdc tham s6 cdu tric phan ti trong mod hinh

dugc sép xé&p theo trat tu dua vao MPxy,%: logP > Gmin > nrings > xvpc4; trong khi do

16n ctia cac hé s6 tuong Gng mdi tham sd trong moé hinh dugc sdp xép theo trat tu: logP

> nrings > xvpcd > Gmin.

Bang 4. Gia tri P,x.,% va MPx,%, ctia mbi tham sé trong mé hinh QSSR (1) véi k = 4.

A mek, %
Hop chat, m = 1- 27 Cuota xvpcd Gmin nrings LogP
Isooctan 6,0274 2,6157 4,8036 0,0000 92,5807
Heptan 5,8206 0,0000 7,4877 0,0000 92,5123
1,2,4-tricloro benzen 5,8770 8,7359 2,6695 9,2981 79,2965
Cyclohexan 5,1939 0,0000 9,2474 10,5210 80,2315
Cyclopentan 4.5477 0,0000 10,5614 12,0160 77,4226
Hexan 5,1794 0,0000 8,3769 0,0000 91,6231
o-dicloro benzen 4,9338 8,2924 3,9310 11,0756 76,7010
1,1,2-tricloro trifluoro etan 5,4325 16,8278 24,9094 0,0000 58,2628
Pentan 4,5067 0,0000 9,5473 0,0000 90,4527
cloro benzen 3,7351 3,1908 6,8066 14,6301 75,3725
Toluene 4,3299 2,4274 9,7745 12,6203 75,1777
n-butyl chlorua 3,1319 0,0000 8,3425 0,0000 91,6575
metyl isobutyl xeton 2,2394 7,0106 4,1042 0,0000 88,8852
n- butyl acetat 2,0134 1,5984 2,8944 0,0000 95,5072
etylene diclorua 2,1878 0,0000 8,1536 0,0000 91,8464
Chloroform 2,4001 0,0000 10,0058 0,0000 89,9942
dicloro metan 1,6916 0,0000 3,6806 0,0000 96,3194
metyl isoamyl xeton 2,8129 7,5866 3,4646 0,0000 88,9488
metyl t-butyl ete 1,7736 18,8568 0,7522 0,0000 80,3910
triethyl amine 2,56315 10,2335 15,0203 0,0000 74,7462
metyl n-propyl keton 1,5725 3,5448 5,8921 0,0000 90,5630
etyl ete 1,5860 0,0000 17,0344 0,0000 82,9656
n-butyl alcol 1,1898 0,0000 9,2511 0,0000 90,7489
isobutyl alcol 1,1235 8,8750 8,7083 0,0000 82,4168
etyl acetat 0,7790 4,1313 8,6586 0,0000 87,2101
propylen cacbonat 0,8925 11,9375 19,6830 61,2287 7,1509
mety etyl xeton 0,8625 9,1396 9,4530 0,0000 81,4074

Gid tri MPx,,%

41,6298 8,6376 4,8663 81,8664

Tir két qua Bang 4, mic do déng gop
clia moi tham s6 trong mo hinh QSSR (1)
hay ding hon 1&4 déng gop vao tinh chat cia
chat; khong thé dua vao do 16n cta hé s6 dé
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dua ra trat tu déong gép quan trong clua
tham s0 lién quan dén tinh chat cta hop
chat. Tham s6 logP lién quan manh dén do
tan ctia hgp chat hitu co. Nhu vay do tan
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clia chat hitu co gin lién v6i kha ning phan
tan cha chat, thé hién & logP. Tham s6
Gmin thé hién do 16n thé tinh dién
nguyén t nhé nhat trong phan ti, tham
s6 nay c6 anh huéng 16n dé€n do tan hop
chat x&p sau tham sé logP, diéu nay
ciing thé hién ban chit cha thé tinh dién

phan ti toan cuc. Ngoai ra tham s6
nrings cing déng gép vao do tan, phu

thudc ¢ s6 vong trén phan ti ma dugc
xdc dinh tf R = p — (nvx — 1) v6i p la so
canh lién két vong, nvx 1a s6 dinh trong
phan ti khong phai 1a cac nguyén ti hydro.

3.3. Xay dung moé hinh QSSR
noron

M6 hinh QSSR noron dugc xay dung
trén co s§ ki thuat than kinh mo véi su
hé trg cia gidi thuat di truyén trén hé
thong INForm [9]. Kién tric mang than
kinh gém 3 16p I(4)-HL(4)-O(1); 16p

test

%
o 97 .
O
> 14
7))
> 4
L -2
—— logS
-31 e logS

Hop chat

a)

nhap I(4) gom 4 noron la tham sé logP,
Gmin, nrings, xvpc4, 16p xudt O(1) gom
1 noron la tham s6 logS. Lép 4n HL(4)
phia trong gdm 4 noron. Thudt todn lan
truyén ngugc sai s6 duge st dung dé luyén
mang. Ham truyén sigmoid dit trén mobi
nat noron cla cac l6p mang; tham so
luyén mang gém téc do hoc 1a 0,7; moment
12 0,7. Sai s0 giam sat muc tiéu MSE =
0,000816 v6i 10.000 vong lap. Sau qua
trinh luyén mang, gia tri Rzluyén = 99,030
trong khi mé hinh QSSR (1) tuyén tinh
cho R%,yen = 96,600.

Nhu vay, md hinh QSSR noron dua
trén kién trdc mang noron I(4)-HL(4)-
O(1) dat dugc su thich Gng toét hon so véi
mod hinh QSSR (1) tuyén tinh. Diéu nay
c6 thé thdy ¢ Hinh 1 va Hinh 2, su tuong
quan va tinh pht hop tot gitta gid tri du
doan va gia tri thuc nghiém.

2.0+

R*=99,030

1.54

1.0+

0.5

0.0 1

-0.5 1

-1.5

-2.0
-2.0

b)

T T T T
0.0 0.5 1.0 15

logS

T T T
-15 -10 -05 2

Hinh 2. a) So sdnh gid tri logS va do tan du dodn 10gS,.s doi v6i mébi hop chdt;

b) Su tuong quan gitta gid tri thuc nghiém logS va gid tri du dodn 10gS tess

3.4. Dy doan do tan cta chit trong nhém kiém tra

Kha ning du dodn cia m6 hinh QSSR (1) va QSSR noron déu dugc danh gid cdn
than bing ki thuat loai bé dan ting truosng hop; két qud du dodn nhan duge d6i véi
7 hop chdt chon ngdu nhién ti Bang 1, dugc din ra ¢ Bang 5.

Két qué du dodn cia cdc md hinh QSSR duge danh gia bing gid tri tuyét doi cha
c4c sai sd tuong doi ARE,% tinh bing cong thic:

ARE,%=100(log$S - logS,.,)/10gS| (3)
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Bang 5. D6 tan ciia 7 chdt chon ngéu nhién duoc du dodn tit QSSR (1) va @SSR noron

. QSSR noron QSSR tuyén tinh

STT ~ Hop chat logS logSws  ARE.% logSws _ ARE.%
1 n-butyl clorua 20,9586 -1,0117 55425 20,7427 22,5235

2 etylen diclorua 20,0920  -0,2191 138,1826 0,0356 138,7148

3 isobutyl alcol 0,9300  1,0523 13,1505 1,1382 22,3885
4 mety etyl xeton 1,3800  1,1438 17,1167 0,1973 85,7010

5 metyl t-butyl ete 0,6812  0,7703 13,0741 0,7886 15,7661

6  cyclohexan 29220  -2,3304 48771 12,3667  6,5100

7 o-dicloro benzen 11,7960  -1,8548 32717 11,8610 3,6210
Gid tri MARE, % 27,8879 42,1750

Gia tri trung binh tuyét doi cta cac
sai s0 tuong doi MARE, % dugc st dung
dé danh gia tong quat sai s6 clia md hinh
QSSR tinh bing cong thic:
100| (logS —logS,,,)| “w

n | logS |

O day n = 7 1a s6 hop chat; logS 1a do

tan thuc nghiém, logSi.s; do0 tan du doan.

MARE,% =

Nhu vay, tir két qua so sanh giita hai mo
hinh QSSR (1) va QSSR noron dua vao cac
gia tri MARE,% dugc dan ra & Bang 5, cho
thay mod hinh QSSR (1) ¢6 kha ning du
doan kém hon so v6i mod hinh QSSR noron.
K&t qua du doan logS nhan dugce tir mod hinh
QSSR noron gan véi thuc nghiém hon va mo
hinh QSSR noron c6 kha nang thich (ing tot
hon mé hinh QSSR (1),

4. KET LUAN

Cong trinh nay da x4y dung thanh
cong md hinh QSSR tuyén tinh véi su hd

trg chia gidi thuat di truyén. Ki thuat méi
nay cho phép xay dung md hinh hdi qui déi
v6i tap dit liu 16n. Giai thuat di truyén cho
phép chon lua cac tham s6 quan trong dua
vao md hinh. Md hinh QSSR tuyén tinh
nhan dugc dat yéu cau vé kiém dinh thong
ké. Ngoai ra ki thuat tri tué nhan tao dua
trén quan hé than kinh mo ciing dugc hd
trg bang gidi thuat di truyén dé xay dung
kién trac mang noron I1(4)-HL(4)-O(1) dap
ting tot véi dir litu; md hinh QSSR noron
da cho két qua du doan tot hon nhiéu so véi
md hinh QSSR tuyén tinh. Gia tri MARE,
% cia md hinh QSSR tuyén tinh 16n hon
1,5 1an so v6i md hinh QSSR noron.

Két qua nhan dugc tif cong trinh nay
mé ra huéng nghién ctiu méi va cé nhiéu
hda hen Ung dung trong linh vuc xi i
moi truong, thiét k& dugc lieu va pham
bao ché& dugc phdm.

PREDICTION OF ENVIRONMENTAL PROPERTIES OF A SET OF
ORGANIC COMPOUNDS USING QUANTITATIVE STRUCTURE SOLUBILITY
RELATIONSHIPS QSSRs
Le Thi Dao - Pham Van Tat
Thu Dau Mot Universty
ABSTRACT

In this work the solubility values of 27 organic substances were calculated by using the

different molecular descriptors. The quantitative structure-solubility relationships (QSSRs)
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were constructed by incorporating the multiple regression technique and the genetic
algorithm. The important molecular descriptors logP, SsCH3_acnt, ABSQ, nelem, nrings,
SHBa, Gmax, Gmin, Xvp6 and Xvpc4 were selected for constructing the linear models
QSSRs with the genetic algorithm. The best 4-variable linear model QQSSR was derived
from these descriptors. The quality of this linear model QSSR was pointed out in statistical
values multiple R*-training of 96.600, standard error of estimation, SE of 0.2961, F-statistic
of 156.0, P-value of 0.0, multiple R*-test of 95.020 and cross validation RSS of 2.823. The
neural network model 1(4)-HL(4)-O(1) with R2-training of 99.030 was built by using
descriptors in the 4-variable linear model. The predicted solubility values of organic

substances resulting from these models were in good agreement with those from literature.
Keywords: quantitative structure-solubility relationships (QSSRs),
multiple regression, neural network
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