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TOM TAT

Trong nghién cttu nay, cac mo hinh lién quan dinh luong gitta cdu tric va tinh chat
(QSPRs) cua cac phte chét thiosemicarbazone va ion kim loai dwgc xay dung dua
trén phuong phap hoi quy da bién, binh phuong t6i thiéu riéng phan va hoéi quy
thanh phan chinh. Chat lwong cac mo hinh dwgc déanh gia dua vao cac gid tri hé s
twong quan, sai s6 chudn trung binh va chuén Fisher. Két qua nhan dugc m6 hinh
QSPRwmrr v6i cac gia tri R2min = 0,908; R2cv = 0,850; Q?%est = 0,8542; MSE = 0,852; mo
hinh QSPRerts v6i R2min = 0,908; R2cv = 0,888, Q%est = 0,8972; MSE = 0,661; m6 hinh
QSPRrcr vOi R2tain = 0,914; R2cv = 0,948; Q%est = 0,8842;, MSE = 0,827. Cac mo hinh
QSPRwmrr, QSPRets va QSPRecr ¢6 kha nang du doan phtut hop véi thiee nghiém.

T khoa: QSPRmir, QSPRrLs, QSPRrcr, h::ing sO bén, thiosemicarbazone.

1. MO PAU

Dan xuat thiosemicarbazone va phtic ctia né véi cac ion kim loai dwoc tng
dung rong rai trong nhiéu linh vuc. Chiang c6 nhiéu hoat tinh sinh hoc [1] nhu khang
khudn, khang ndm, chéng ung thu... nén duoc nghién ctru nhiéu trong linh vuc duoc
hoc [2]. Do kha nang tao phttc manh véi nhiéu ion kim loai nén chuing cé thé duoc st
dung trong phan tich trac quang [3]. Phtic ctia thiosemicarbazone ciing dwoc nghién
ctru tng dung trong ky thuat xuc tac [4].

D&i véi phite chat, hang s6 bén 1a mot thong s6 quan trong. Tir hang s8 bén c6
thé tinh ndng d6 can bang cta cac thanh phan trong dung dich. N6 ciing c6 thé du
doan su thay d6i cua cau truc dién ti phiec tap trong dung dich tir nong do ban dau
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ctia ion trung tdm va phdi t&. Trong nhitng ndm gan day, hang s bén cta phtic duoc
nghién ctu nhiéu trong phan tich trac quang [5].

Trong nhitng nam qua, sy phat trién manh mé ctia khoa hoc mdy tinh da cho ra
doi cac cong cu tinh toan lwong ti nhw Hyperchem, Mopac, Gaussian [6] cung vdi cac
phan mém mo phong trong hoa hoc duoc st dung rong rai trong nghién ctu ly thuyét
nhuw QSARIS, Spartan, MOE, Materials Studio, Dragon [6] nh3m xay dung cdc mo hinh
du doan tinh chéat cua cac hgp chat hoa hoc dua trén mdi quan hé dinh luong ciu truc
— tinh chat (QSPR) [6,7]. Trong cac cong trinh nay, cac tac gia da phat trién cac mo hinh
QSPR trén cac déi twong khéc nhau vdi cac tinh chat khac nhau nhu nhiét d¢ soi [6], d6
hoa tan [6], tinh ky nudc (logP) [6], hé s6 phan tan nuwdc-hop chat hitu co [6], tinh axit
ctia cac hgp chét chita nhom xeton [8], chi s6 thoi gian luu ctia pha dao trong phéan tich
séc ky long ctia cac hop chat hydrocacbon thom da vong [9]. Mic du, viée nghién cttu
phat trién m6 hinh QSPR trén cac hop chat khac nhau voéi cac tinh chat khac nhau
nhung diém chung ctia cac nghién ctru nay la sit dung cac phuong phap hoi quy da
bién va mang than kinh nhén tao d€ phat trién mo hinh [7]. Tuy nhién, trong cac cong
trinh da duoc cong bd chiing t6i nhan thdy rang chwa 6 mot cong bS nao phat trién
mo hinh QSPR trén d&i tuwong phtic chat gitta cac dan xuat thiosemicarbazone véi cac
ion kim loai véi dai leong dic trung 12 hang s6 bén ctia phtc.

Trong nghién cttu nay, chung t6i dinh hudng thiét ké cac hop chat
thiosemicarbazone lam ligand stt dung trong k¥ thuat phan tich cac ion kim loai trong
cdc mau thuc phdm va moi trwong. Cac ky thuat da bién duoc st dung dé xay dung
m6 hinh biéu dién méi quan hé dinh luong gitta cau tric va hang s bén ctia cc phiic
thiosemicarbazone véi cac ion kim loai. Két qua tir cac mo6 hinh QSPR ciing dwgc so
sanh vdi thuye nghiém.

2. PHUONG PHAP TiNH TOAN
2.1. Phan tng tao phirc

Phan tng tao phttc gitta ion kim loai (M) véi thiosemicarbazone (L) xay ra nhu
sau [10]

pM + qL = Mqu (1)

Hang s8 bén ctia phittc MpLq 1a hang s6 can bang (Bpe) ctia phan tng duwoc xac
dinh theo cong thttc (2)
[MyL,

Proq = W )
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Trong treong hop phan tng tao phtic chi xay ra mot nac tiec lakhip=1vag=
1. C4u truc cua phtc trong nghién cttu nay duwoc md ta nhw Hinh 1.
2.2. Héi quy tuyén tinh bji
Muc dich ctia hoi quy tuyén tinh boi (Multivariate Linear Regression — MLR) la
xay dung md hinh lién quan gitta hai hay nhiéu bién doc lap va mot bién phu thudc
bang cach xay dung mot phwong trinh tuyén tinh cho cac s6 liéu quan sat [11]. Mbi gia
tri bién doc lap x duoc lién hé véi mot gia tri bién phu thudc Y. Mo hinh hoi quy boi
MLR dwoc biéu dién & cong thiee (3) [11-13]
y=bx +bx,+bx, +..+b x +¢& (3)
trong dé m la s6 bién doc lap; by, by, ..., bm cac hé s6 hoi quy va y bién phu thudc; ¢la sai
s0. Cac hé s6 héi quy déc trung cho su déng gép doc 1ap ctia mdi tham s8 md ta phan
tr. M6 hinh MLR duoc xac dinh bang phuirong trinh ma tran [11-13]
y=Xb+e (4)
Khi X 1a day day du thi 10i giai cuee ti€u hoa la [11-13]
b=(x"X) Xy (5)

trong d6 b 13 gia tri woc luong cho hé s6 hoi quy. M6 hinh MLR duoc xay dung tir
mot tap luyén, tap danh gia va du dodn ngoai.

2.3. Binh phuong t6i thiéu riéng phian

Binh phuong t6i thi€u riéng phan (Partial Least Square — PLS) duoc st dung dé
xay dung cac mo hinh héi quy dwa vao sy phan tich bién an lién quan dén hai khoi ma
tran X va Y, bao gom céac bién doc 1lap x va bién phu thudc y. Cac ma tran dugc phan
chia thanh tong cua cac bién an f, nhu [14-17]

X=TP"+E=) t,p,+E (6)
Y=UQ"+F=)uq,+F (7)

trong d6 T va U la cadc ma tran ddc trung cho X va Y twong tng; P va Q la ma tran hé sd
twong Gng; E va F 1a cac ma tran sai s6; hai ma tran X va Y twong quan theo T va U déc
trung d6i v6i mdi bién an [14-17]

up =byt, (8)

trong d6 brla hé s6 héi quy cho bién an f. Ma tran Y c6 thé duoc tinh tir us, hang s& bén
clia cac phtrc chat méi c6 thé dwoc tinh todn tir cdc T méi thé vao phuwrong trinh (9) dan
dén phuong trinh (10) [14-17]

Y =TBQ" +F 9)
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Y . =UBQT (10)

Trong phan tinh toan nay, can tim sd bién an tot nhat ma n6é duoc thuee hién
chudn héa bang kj thuat danh gia chéo dua vao sai s§ du doan cuc tiéu. M6 hinh PLS
duoc thao luan 6 nhiéu cong trinh.

2.4. H6i quy thanh phén chinh

Tt mot tap dix liéu {X, y}, trong d6 X la mot ma tran véi n quan sat va p bién so;
y 1a vector bién phu thudc twong ting. Cac sd liéu duoc tap trung va khong duoc xie ly
trudc, hoi quy tuyén tinh bd chuan MLR duoc dya vao ma tran [18-22]

Y=Xb+e (11)
trong d6 b 1a cac hé s6 va ¢ la vector sai s0. Pdc trung chinh ctia hoi quy thanh phan
chinh (Principal Component Regression — PCR) la gia tri dap ttng y khong tuong quan
truc ti€p v4i X nhung voi thanh phéan chinh cta né. Cac thanh phan chinh nhén duoc
bang cich phan tich X bang phuong phdp phan tich thanh phan chinh (Principal
Component Analysis - PCA) [18-22]

X=>tp, =TP (12)
trong d6 T =[t, t2, ... 1], P =[p1, p2, ...pq], ti 1a thanh phan chinh tht i; pi la vector riéng
thtt i caa X'X; g la hang caa X va T'= XP.

Trong hoéi quy thanh phan chinh, néu k thanh phan dau (k < q) dwoc st dung
cho hoi quy, thi phwong trinh h6i quy dwoc viét nhu sau [18-22]

Y=TPb+e=Ta, +e (13)

trong d6 Ti=[t, f, ..., t], P1=[p1, p2, ..., px], & = Plb va e la vector sai sO.
Thuec hién binh phuong tdi thiéu phuong trinh (13), nhan dwgc phuong trinh
[18-22]
¢, =(LT)"'Ty (14)
Danh gid phuong trinh hoi quy thanh phan chinh PCR cta b ( 7), loai bo (g-k)
thanh phan sau dod, c6 thé nhan duoc phuong trinh (15) [18-22]
b,=P(LT)" T,y (15)

. b .
Céc gia tri dap tng dy dodn dwa vao X bang 7 dwgc cho bang ma tran (16) [18-
22]
y=Xb (16)

p
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2.5. Dit liéu

C4u truc cac phtic chat va cac gia tri hang s8 bén logPu thuc nghiém thu nhan
ttr cac cong trinh da dwoc cong bé nhu Hinh 1 [1] va Bang 1.

R1
ne—2c” "\
R:g \ R2
AN
5C=4N GS
/ -
R4 Me

(a) (b)
Hinh 1. C4u tric ctia phttc gitta thiosemicarbazone va ion kim loai;

a) Cdu truc tong quat; b) Phirc Ni?* and 3,4-dihydroxy-5-methoxy benzaldehyde

thiosemicarbazone [23]

Tt cac phtic chét thuc nghiém, tién hanh xay dung lai ciu tric bang BIOVA
Draw 2017 R2 [24]. Sau d6, cac cdu truc duoc t6i wu hda va tinh toan tham sé luong ter
theo phwong phap ban thuc nghiém SCF PM7 ctia MoPac2016 [25, 26]. Tham s6 2D, 3D
dwoc tinh b?ing QSARIS [27, 28]. Cac dir liéu sau khi tinh toan duoc st dung d€ xay
dung md hinh da bién QSPR cau trtc — hang s6 bén (logen) bang MLR, PCR, PLS va
phan tich thong ké khac béng XLSTAT2016 [29], Regression [11] va MS-EXCEL [12, 13,
27]. Cac md hinh da bién dwoc biéu dién bing ba mo6 hinh twong ttng QSPRwir,
QSPRerrs va QSPRrcr.

Bang 1. Gia tri thuc nghiém log1i va cau truc cac phiic chat nghién ctru

STT Thiosemicarbazone Ion kimloai  logpu Tai liéu tham khao
Ri Re Rs Ra
1 H H H —CsH2(OH)0CHs Co(II) 6,382 [30]
2 H H H —-CsHsOHOCH:s Cu(Il) 13,330 [31]
3 H H H —-CsHsOHOCH:s Ni(IT) 12,620 [31]
4 H H H -CsHsOHOCH:; Co(II) 11,097 [31]
5 H H H -CsHs:OHOCH: Mn(II) 10,550 [31]
6 H H H -CsHs:OHOCH: Pb(II) 6,830 [32]
7 H H H —-CsHsOHOCH:s Cddn) 7,070 [32]
8 H H H —-CsHsOHOCH:s Zn(II) 7,420 [32]
9 H H H -CsHs:OHOCH: Fe(II) 7,990 [32]
10 H CHs CHs —CsHaN Cu(ll) 6,114 [33]
11 H H CHs =N-NH-CsHs Cu(Il) 11,700 [34,35]
12 H H H —-CsHsOHOCH:s Cr(VI) 4,842 [36]
13 H H H —CesHaN(CHs):2 Ag(I) 17,200 [37]
14 H H H —CsHsN(CHs)2 Cu(ll) 15,300 [38]
15 H H CHs -CsH«OH Mn(II) 4,510 [39]
16 H H CHs -CsHsOH Ni(IT) 5,310 [39]
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17 H H CHs ~CsHsOH Cu(Il) 5,910 [39]
18 H H - —CoHsNO Cu(Il) 8,714 [40]

3.KET QUA VA THAO LUAN
3.1. Chon tap luyén va tap kiém tra

Tap dit liéu luyén thé hién méot vai tro quan trong trong viéc phat trién cac tinh
chat mo6 hinh nhu d6 ding va kha nang phu hop ciia mé hinh trong thuc t€ dw doan.
Viéc chon dt liéu luyén, di liéu danh gia va kiém tra ngoai mot cach ngéu nhién la
mot trong trong cac giai doan quan trong nhat. Sau khi tién hanh sang loc phan loai cac
d@ liéu va loai bo dir liéu bat thuong, két qua nhan dwgc la mét bd dix liéu gom 105
bién v6i 62 quan sat thye nghiém dé chuan bi cho qua trinh xay dung mo hinh.

3.2. Xay dung cac mo6 hinh QSPR

Qua trinh xay dung va danh gia md cac mo hinh QSPR tir tap dit liéu mau gom
62 quan sat duoc chia ngau nhién thanh nhém luyén 80 %, nhém danh gid 20 % va
nhom danh gia ngoai gébm 10 hop chdt khong thudéc nhém 62 quan sat. Cac mo hinh
QSPR duoc xay dung tir nhém luyén dé€ du doan gia tri hang s bén ctia cac phtic chat
trong nhom danh gia va nhém kiém tra. Chét luong cac md hinh QSPRwmir, QSPRecr va
QSPRerts thé hién 6 hé sd twong quan R?win, R% va Q% cling nhuw cac gia tri thong ké
MSE va Fsta. Cac bién s6 doc lap X duoc chon dua vao md hinh dua vao hé s6 tuwong
quan ndi va su thay doi cta cac gia tri thong ké MSE, R%rin, R%cv, Fstat khi st dung ky
thuat loai dan hodc nhap dan bién sd vao mo hinh. Két qua duoc dan ra & Bang 2 va

Bang 3.
Bang 2. Cac m6 hinh QSPRwr s6 bién k tix 4 dén 11, va cac gia tri thdng ké tuong ting
S6 bién k Bién s6 trong md hinh QSPRwir MSE  R2%wmin  R2%4  Ricv Fstat
4 X1/x2/x3/x4 1,610 0,639 0,613 0,557 25,1928
5 X1/x2/x3/xs/x5 1,549 0,672 0,642 0,552 22,8981
6 X1/22/X3/ X4/ x5/ x6 1,341 0,758 0,732 0,636 28,7568
7 X1/x2/X3/X4/x5/x6/x7 1,196 0,811 0,787 0,696 33,1253
8 x1/x2/x3/x4/x5/X6/X7/X3 1,147 0,829 0,804 0,715 32,2235
9 x1/x2/x3/xs/ x5/ x6/x7/x8/ %9 0,852 0908 0,892 0,850 56,8949
10 x1/x2/x3/xalxs/x6/x7/x8/x9/x10 0,836 0913 0,896 0,855 53,4399
11 x1/x2/x3/xa/x5/x6/x7/%8/x9/ x10/X11 0,839 0914 0,895 0,853 48,2420
Ky hiéu céc bién s6
Nang luong tong X1 logP x5 Nang luwong elctron  x9
Knotp X2 bién tich Me? X6 Dién tich Cosmo X10
Thé tich Cosmo X3 AHy X7 Thé ion hoa x11
pH X4 LUMO X8

Cac bién s6 chon lya dua vao cac mo6 hinh QSPRwmir (Bang 2) da cho thay cac gia
tri R%in, Q%est va Fstar thay d0i va tang theo so bién k. Khi cac gia k tang tir 9 dén 11, thi
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cac gia tri thong ké twong tng tang thém khong dang ké va con c6 xu hudng giam
xudng nhu gia tri Fsw. Nhu vay, chon sd bién k = 9 la phu hop cho xu hudng thay doi
t0i wu nay. Cac bién sd tir x1 dén xs duoc kiém tra mdi twong quan noi gitta hai hay
nhiéu bién dya vao ma tran hé sd twong quan Pearson, xac dinh mdi twong quan c6 y
nghia d6i voi logen. Ma tran twong quan duwgc dwa ra ¢ Bang 3.

Tkt Bang 3, hé s6 twong quan cua 9 bién s6 doc lap va 1 bién phu thudc logen
cho thdy cac bién duoc chon vao mo6 hinh QSPRwmir v6i k =9 1a phtt hop va chap nhan
vé mit thong ké tuwong quan va kiém dinh student (#- test) dac trung cho cac bién s6.

Ttr Bang 2, m6 hinh QSPRwmir v6i s6 bién k = 9 duoc xay dung lai va nhan dwoc
cac hé s tuong ting cung cac gia tri thong ké mo hinh QSPRmir nhu sau:
logPi1= 8,402 +0,0195x1 + 13,690x2 — 0,066x3 + 0,885x4 + 3,871x5 —

(17)
~ 3,184xs - 0,050x7+ 2,961xs — 0,005

vOi 1 = 62; R2min = 0,908; R2cv = 0,850; MSE = 0,852
Nhu vay, tap dir liéu luyén dung dé xay dung mo hinh QSPRwmir dat yéu cau vé
thong ké, c6 kha nang dy doan t6t. Kha nédng dy doan ctia md hinh QSPRmir phu hop
tot d6i voi nhom cac phirc chat. Cac tham sd lua chon trong mo hinh khong c6 su

twong quan nao gitra cac bién da chon. Dir liéu xay dung mo hinh nay sé dwgc st dung
dé xay dung cac mod hinh QSPRrcr va QSPRpts.

Bdng 3. Ma tran twong quan Pearson ctia cac bién s6 trong mo hinh QSPRwmir v6i k =9

Biéns6  logoss X1 x2 X3 X4 x5 X6 x7 X8 X9

logoes 1 0,237 0,222 0,638 0,423 -0,246 0,289 -0,258 0,982 1
X1 0,237 1 0,305 0,421 -0,226 0,078 0,286 0,236 0,283 0,237
X2 -0,222 0,305 1 0294 -0681 -0,339 0,328 0,083 -0,245 -0,222
X3 -0,638 0,421 0,294 1 -0,526 0,163 0,496 0,189 -0,678 -0,638
X4 0423 -0,226 0,681 -0,526 1 0,517 0,565 -0,128 0,473 0,423
X5 -0,246 0,078 0,339 0,163 0,517 1 -0307 0,232 -0,135 -0,246
X6 -0,289 0,286 0,328 049 0,565 -0,307 1 0,257 -0,332 0,289
X7 -0,258 0,236 0,083 0,189 0,128 0,232 0,257 1 -0,130 -0,258
X8 0982 0,283 0,245 -0,678 0473 -0,135 0,332 -0,130 1 0,982
X9 1 0,237 0,222 0,638 0,423 -0,246 0,289 0,258 0,982 1

St dung ma tran di liéu véi so bién doc lap k =9 va bién phu thudc logers, thyce
hién xay dung mo hinh QSPRrcr. Két qua phan tich thanh phan chinh PCA cho thay 9
thanh phan chinh cé ¥ nghia théng ké. M6 hinh QSPRecr duge bidu dién nhu sau:
logfi = 6,209 +0,0214x:1 + 13,513x2 — 0,065xs + 0,786:s+ 3,867 x5 —
(18)
—3,100x6 — 0,052x7+ 3,307xs — 0,006x9

vOi n = 62; R%nin = 0,914; R?%cv = 0,948; MSE = 0,827
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Tuong tw, tir két qua xay dung mo hinh QSPRwr, tién hanh xay dung mo hinh
QSPReris dua trén ma tran div liéu voi 9 bién doc lap. Chat lwong mo hinh QSPRers
duoc danh gia dya vao cac chi s6 thong ké voi cac gid tri thong ké tich Ity Q%um = 0,147;
R?eum = 0,858 va R2xeum = 0,916. Ngoai ra, dai leong mitc d6 quan trong ctia cac bién sd X
(Variable Importance for the Projection — VIP) anh hwong dén logpn duoc sit dung dé
lwa chon bién trong mo hinh QSPReis. Theo dé xuét cua Word [17] va Ericksson [20],
cac bién s6 trong mo hinh duoc lya chon phai ¢ gia tri VIP 16n hon 0,8. Trén co so do,
mo hinh QSPRers cd dang nhu sau:

logPi1 =6,102 + 0,023x1 + 13,467x2 - 0,062x3 + 0,802x4 + 3,884x5 —

(19)
— 2,984xs — 0,049x7+3,266xs — 0,006x9

vOi n = 62; R?in=0,908; R%cv =0,888; MSE = 0,661

Trong cac md hinh QSPR, gia tri R%win la hé s6 twong quan boi duoc nhan véi
100 cho phuwrong sai giai thich hing s& bén logen. Kha nang du doan cta cac md hinh
QSPR duoc danh gia bang R2cv va Q. Gia tri thong ké Few phan anh ty 1é phrong sai
giai thich boi md hinh va phuong sai tir sai s6 hoi quy. Gia tri Fsut cao cho thdy mo hinh
c6 y nghia vé mat thong ké. Gia tri MSE thdp cling cho thdy mo hinh c¢6 y nghia vé mat
thong ké. Kha nang du bao ctia m6 hinh dwgc thé hién qua gia tri Q% danh gia ngoai
ddi voi nhom hop chat khong thudc nhom luyén ban dau.

3.3. Danh gia kha nang du doan logf,

Kha nang du doan ctia cdc mo6 hinh QSPR déu dwoc danh gia cdn than bang ki
thuat danh gia chéo va danh gia ngoai; danh gid kha nang dy doan ctia cdc mo hinh
QSPR ¢ trén d6i vé6i 10 hop chat chon ngau nhién tir cic két qua nghién ctu thuc
nghiém duwoc dan ra ¢ Bang 4.

Bing 4. Hang s8 bén logB, ctia 10 phtic chat chon dénh gid du dodn ngoai cic mo hinh QSPR

Ligand QSPRwmLr QSPRerLs QSPRrcr
Ton lo , ex]
Ri R: Rs Rs BB o Af;E’ logPitcn A(I;E’ logPu1aARE, %
(o] 0
H H CH _ . Niay 9% oam 13366 12264 12101 11,894 8724
? SN, [35] ' ' ’ ' ’ '
H H CH . Mn() 9720[35] 11584 19172 11780 21,195 11,23 15594
7I17IN2
H H CH _ - Niay 979 o4 14942 12264 13,659 11,894 10,236
* HAN, [35] ' ' ' ' ’ '
H H CHs . Co) 9900[35] 13374 35087 13823 39628 13322 34561
7I17IN2
H H CH .. Mn() 9600[35] 11584 20662 11780 22710 11,236 17,039
<7I17IN2
H H - . . Zn(l) 8160[40] 8409 3,055 8644 5929 8317 1,921
29HsNO
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H H - - Cd(I) 6,611 [40] 6,048 8520 6,010 9,085 5,595 15,370
Z9oHsNO

H H - . i} Mn(Il) 6,230 [40] 6,450 3,527 6,622 6,287 6,339 1,746
Z9oHsNO

H H CHs; -GHsN Cu(l) 5,491 [41] 7,754 41,216 6,621 20,574 6,688 21,806

H H CHs; -GHsN Cu(l) 5,924 [41] 7,324 23,627 5979 0,924 6,136 3,581

MARE, %: 18,317 15,209 13,058

Con duong t6t nhat d€ danh gia chat lwong mo hinh la thyee hién danh gia noi.
Gia tri thong ké ddc trung cho danh gid noi la [11-22]

Z@i_yi)z
R, =1-— (20)
Z(y,-—y)

trong d6 ¥;, yi va ¥ 1a cac gid tri hang s8 bén logen du doan, thuc nghiém va trung binh.

Kha néng du dodn ctia m6 hinh duoc ddnh gid twong tu bang hé s§ tuong quan
taest [11-22]

Z(]}i,test - yi,test )2
Qe = 1= (21)
z (yi,test - y)

i=1

trong do i, yiest va ¥ la cac gia tri hang s6 bén logen du doan, thuc nghiém trong
nhoém kiém tra ngoai va trung binh ctia nhém kiém tra.

Két qua du doan cua cac mo6 hinh QSPR duoc danh gia béng gia tri tuyét doi
cua cac sai s twong doi ARE (absolute value of relative error), % tinh theo cong thuc
(22)

ARE, 36 iee Vil 22)

yi,exp
Gia trj trung binh tuyét d6i ctia cac sai sO twong d6i MARE (mean absolute values
of relative error), % duoc sit dung dé€ danh gid tong quat sai sd cua cac mo6 hinh QSPR
tinh theo cong thitc (23)

S ARE, %

MARE,% =" —
n

(23)

trong d6 n = 10 1a s6 hop chat, logPiie 12 gia tri hang s& bén thuc nghiém, logBiw 1a
gia tri hang s& bén di doan ctia cac phtic chat trong nhém kiém tra ngoai.
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Nhu vay, két qua danh gia gitta ba m6 hinh QSPRwir, QSPRers va QSPRecr dyra
vao cac gia tri MARE (%) (Bang 4) cho thdy md hinh QSPRwmir ¢6 kha nang dy doan
kém nhat, sau d6 1a mo6 hinh QSPReis va cudi cung la mo hinh QSPRecr twong tng véi
cac gia tri 18,317 %, 15,209 % va 13,058 %. Dong thoi, cac gia tri Q%s cua ba mo hinh
QSPR Ian luot la Q%estmir = 0,8542; Q%est,rrs = 0,8972 va Q?estpcr = 0,8842 cho thay két qua
du doan logp11 nhan duoc tir ba mo hinh rat gan voi thuc nghiém va cac mé hinh nay
c6 kha nang tmg dung trong thuc tién.

Su khéc biét gitta cac gia tri logPu thuc nghiém va logB11 dy doan tir ba mo
hinh trén dwoc danh gid bang phwong phap ANOVA mot yéu t6. Su chénh 1éch gitra
cac gid tri thuc nghiém va tinh todn cdc hang s6 bén logfu & ca ba mo hinh 1a khong
dang ké (F = 0,0655 < Foos = 3,354). Vi vay, c6 thé khang dinh rang kha ning du bao cta
ca ba mo6 hinh QSPR pht hop vdéi dit liéu thiec nghiém.

4. KET LUAN

Cong trinh nay da xay dung thanh cong quan hé dinh lwong ciu tric — hing sd
bén logen (QSPRs) st dung cac phuong phap hoi quy tuyén tinh béi (QSPRmir), binh
phuong t6i thiéu riéng phan (QSPReris) va hoi quy thanh phan chinh (QSPRercr). BO div
liéu xay dung cac mo6 hinh da dwoc tao ra thanh cong ttt cac tinh toan lwong tir ban
thuc nghiém va co hoc phan ti két hop véi cac tham s6 thue nghiém. Cadc md hinh déu
duoc danh gia ndi va danh giad ngoai thanh cong bang cac gia tri thdng ké R2cv, Q%s, va
MARE, % va phuong phap ANOVA. Cac mo6 hinh QSPRmir, QSPRris va QSPRecr déu
dap tng yéu cau du doan thuee t€. M6 hinh QSPRecr cho két qua dy doan t6t nhat.

Két qua nhan duoc tir cong trinh nay cho phép du doan va dinh hudéng thuc
nghiém tong hop cac dan xudt thiosemicarbazone c6 kha nang tao phtec t8t véi cac ion
kim loai mé ra hudng nghién cttu méi va ¢d nhiéu hira hen trong linh viec phan tich
moi treong va ky thuat xtc tac.
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APPLICATION OF QSPR: COMPARISON OF PREDICTION OF STABILITY
CONSTANTS OF THIOSEMICARBAZONE COMPLEXES WITH METAL IONS
USING MULTIVARIATE LINEAR REGRESSION, PARTIAL LEAST SQUARE,

AND PRINCIPAL COMPONENT REGRESSION MODELS WITH MOLECULAR
DESCRIPTIVE PARAMETERS

Nguyen Minh Quang'3, Tran Xuan Mau!, Pham Van Tat?*
1 Faculty of Chemmistry, University of Sciences, Hue University
2 Faculty of Science and Technology, Hoa Sen University
3 Faculty of Chemical Engineering, Industry University of Ho Chi Minh City
* Email: vantat@gmail.com
ABSTRACT

In this study, the quantitative structure property relationships (QSPRs) of
thiosemicarbazone complexes with metal ions were constructed based on
multivariate linear regression, partial least square and principal component
regression models. The quality of the models was evaluated based on coefficients
of determination, mean standard error, and Fisher test. QSPRmir model had R2twin =
0,908; R2cv = 0,850; Q%t = 0,8542; MSE = 0,852; QSPRris model had RZmin = 0,908;
Recv = 0,888; Q%est = 0,8972; MSE = 0,661; QSPReck model had R?min = 0,914; R%cv =
0,948; Q%est = 0,8842; MSE = 0,827. These models could give a good prediction that

agreed with the experiments.

Keywords: QSPRwmir, QSPRrLs, QSPRecr, stability constant, thiosemicarbazone.
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