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TOM TAT: Trong cong trinh ndy chiing t0i sé gidi thi¢u viéc tinh todn cdc tdn
s6 dao dong cia calcium oxalate — thanh phdn phd bién nhdt cia s6i ni¢u nguoi. Trén
co s& tinh todn luong tit ab initio SCF vdi hé ham co sé¢ 3—-21G dugc thuc hién trén by
phdn mém Gaussian 98, chiing t0i dd quy k&t duoc cdc tan sé dao c?ong xudt hién trén
phd Raman ciia phdn ti nay. O day, dnh hudng ciia hydrate 1én cdu tric ciia phdn tit
ciing dwgc khdo sdt va gidi thich.

1. MG PAU

Thanh phin héa hoc clia s6i niéu 1a mot y&u t6 rdt quan trong dé chdn dodn su phdt
sinh bénh ciing nhu dinh hudng cho cdc phuong phdp diéu (ri va phong trdnh tdi nhiém soi.
C6 nhiéu phuong phdp phan tich sdi nhu hdng ngoai, phd Raman, phd nhiéu xa tia X .. Trong
cic phuong phdp d6, FT-Raman 12 mot phuong phdp phan tich don gidn, khong hiy mau, ¢6
thé phén tich dua trén thanh phén s3i niéu qua chi€u xa laser.

S&i niéu ¢6 thé chi gdm mot thanh phan hodc gbm nhidu thanh phin cdu tao. calcium
oxalate 12 thanh phin thudng gip trong s6i niéu (60-80% trong cdc trudng hdp). Co 2 loai
calcium oxalate trong séi, d6 1a calcium oxalate monohydrate (Whewellite — COM) va
calcium oxalate dihydrate (Weddellit — COD).

11. TINH TOAN
IL.1. Phan loai dao dong thudng biing 1y thuy&t nhém

Phan t& calcium oxalate (Hinh 1) 12 phan uf phéng, ¢6 mdt truc bdc hai va hai mit
phingo,, vi vdy thuéc vio nhém ddi xing di€ém Cay. S8 dao dong thudng cd thé dugdc tinh
todan théng qua cong thifc Herzberg [2]. P&i v6i nhém Cyy, hé cac cong thitc nay la:

Aj:3m+ 2my, + 2my, +mp — 1

o, (xz) Az:3m+ my,+ my — 1

e 0O Bi:3m + 2my, + My, +mg — 2

\\C__C// By:3m + my, + 2my, +my — 2
/ ! N = 4m + 2my, + 2my, + mg (N 12 s8 nguyén

(K /0 tf trong phén tf), trong dé :
¢a o,(yz2) m : $6 bd hat nhan khong niim trén bat ci
y&u t& d6i xiing nao.

CxA2) mp : s6 bd hat nhan nim (rén tit cd cdc y&u

td doi xing
My, My, : s bd hat nhan 1an gt ndm trén

Hinh 1. Phin 1 calcium oxalate 5 3 .
mit phang oy(xz) va o(yz).

Véi trudng hgp calcium oxalate (h‘mh 1), ta ¢6 m= 0; mp =1; my, = 0; my, =3. K&t qud
nhan duge s& 1a 15 dao dong cd bdn, bao gdm 6 dao dong A,, 2 dao dong A,, 2 dao dong B,
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vd 5 dao dong ‘B,. Nhu vdy, k€t hgp v6i bang dic bi€u cia nhém Cy, [2], 15 mode dao dong
chudn tic cia calcium oxalate dugc biéu dién :

Fin(Cayv) = 6A1 (IR,R) + 2A5(R) + 2B1(IR,R) + 5B5(IR,R)

Biéu dién trén nghia 12 ¢6 15 dao ddng cd ban hoat ddng trong Raman (R) trong dé chi
c6 13 dao dong cd bdn hoat dong trong hong ngoai (IR). C4u hinh t8i wu va tin s8 dao dong
s€ dudc xdc dinh dya vao cdc tinh todn lugng tf ab initio vi hé ham cd s§ 3-21G trén bd

phin mém Gaussian 98.

Bing 1 1a bdng dinh hudng chudn clia calcium oxalate v6i cdu hinh phén t¥ da duge t8i wu
héa, thu dugc t tinh todn lugng tit ab initio. C6 thé thay riing, it cd toa d6 Z cia cic

nguyén tf déu biing khong, chitng 8 phén ti¥ ¢6 c4u triic phing.

Bang 1. Pinh huéng chudn (Standard orientation)

.997882
.261420
.130669

Center Atomic Atomic
Number Number Type
ik 6 0

2 6 0

3 8 0

4 8 0

] 20 0

6 8 0

1 8 0

.000000
.963049
.442500
.279581
.878455
.172198
.290665

0
0
0
.648463 0
0
0]
0

.436432
~131169
.404770

Béng 2. Phd tinh todn va thirc nghiém (cm™) cla calcium oxalate

Mode  prtnlogi Deizths  Thyonehias ' Thihiodn
dao ddng
1 A, 141 105
2 B, 198 117
3 Ay 208 287
4 B, 247 340
5 A, 505 355
6 B: 522 496
7 A 598 499
8 B, 867 508
9 B, 897 759
10 A 936 808
11 As 1396 834
12 V,(02-C), B, 1464 1148
13 v, (02-C)y Ay 1490 1241
14 v, (C=0) B2 1630 1716
15 v, (C=0) A, 1726 1735

" Calcium oxalate monohydrate
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Trong tf nhién, calcium oxalate chi tdn tai & dang ngdm nudc. Cot thif ba trong bdng 2
la s6 séng thyc nghiém do dudc cla
calcium oxalate monohydrate.

e ~ a7 2 ~ A
- . Ta thdy so6 dinh pho xuit hi€n trong
phd Raman cia calcium oxalate phi hgp

dong d6i xing A,) c6 cuding dé hdng ngoai
‘ tinh todn bing khong ding nhu duy dodn.
\j“?‘; sas Hai mode dao dong 14 (1630 cm'-dao
" L | dong phin d6i xing) va mode 15 (1726cm’
500 7600 1600 ! dao d6ng d6ixing) dude mo ta thude vé
WAVENUMBER GM' hai nhém carbonyl (C=0) ding nhu quy
Hinh 2. Phd thuc nghiém ciia calcium oxalate k€t ciia Norman va cs. [8], nhung c6 gid
monohydrate (dudi) va calcium oxalate  tri cdch nhau khd 16n (96 cm’™).
dihydrate (trén) [6]. Hinh 2 13 phd thyc nghiém cda phén
tt calcium oxalate monohydrate va
dihydrate [6]. C6 thé nhén thdy cdc mode dao dong G ving 1400-1700 cm™ ciia hai ph8 ¢6
st chuyén dich so véi nhau. Pdc biét, hai dinh 1465 cm™ (mode 12) va 1492 cm™ (mode 13)
clia calcium oxalate monohydrate s€ suy bién thanh mdt dinh 1477 (cm™) cia calcium
oxalate dihydrate.
Su suy bién cho ta bi€t ring hai dinh 1460, 1490 cm” (mode dao dong 12 va 13) 1a
nhitng mode nhay v6i goc hydrat.

— o v g
— v6i k€t qud tinh todn cla 1y thuy&t nhém
LB =98 of" . (15 dinh). Céc loai d6i xitng quy k&t ciing
% chinh xdc 12 6 A;; 2 Ay; 2By va 5Ba
ot YADS Hai mode dao dong 1 va 11 (thudc loai dao
=

<L

—

=X

o

11.2. Anh hudng cla goc hydrate trong phén tif calcium oxalate monohydrate va dihydrate
Hinh 3 trinh bay cdc thong s8 cdu hinh

d3d dugc i wu hod clia phin tif nudc va

Roy s B Calcium Oxalate .

A6 Phan tif nuée :
0<> 104,48° Ro.u = 0,96 A, < H-O-H = 104,48°
Ron Phén t& Calcium Oxalate:
R6 = R7 = Reo = 1,20748 A

@) ®) R4 =R5 =Reo=1,31204 A
Hinh 3. C#u hinh t5i wu clia R3 = R2 = Ro.ca= 2,12205 ﬁt
(a): Phin tif nudc, (b): calcium oxalate A6 =AT=<0-C=0= 126,606

Ad=A5=<C-O-Ca= 121,293°

Cic téc gi4 da tién hanh tinh todn cho cdc ciu tric mdi ciia calcium oxalate nhan
duge bing céch thay ddi 1dn lugt cdc do dai lién ket cling nhu cdc goe lién két ciia gdc
oxalate. Tt cac thay d6i d6 chiing t6i da nhin dugc ciu hinh phit hgp cla calcium oxalate ¢c6
thé giai thizh dugc su &nh hudng cda nhém hydrate 1€n phd phén t.
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Hinh 4. Phd m6 phdng clia ciu hinh duge chon

Bing 3 md t4 sy dich chuyén phd va hinh 4 13 phd mo phéng cia (a): calcium oxalate,
(b): phd thuc nghiém calcium oxalate monohydrat (d€ so sdnh), (c): calcium oxalate
monohydrate, (d): calcium oxalate dihydrate ca cda cau hinh dugc chon

R4 giam 0,06 &, R6 ting 0,05 &, d&i véi phan tif calcium oxalate monohydrate.
R4, RS gidm 0,06 R; R6, R7 ting 0,05 A, d&i véi phén ti¥f calcium oxalate dihydrate.

Hinh 5 md td vi trf tdc dong dy dodn clia nhém hydrate trong phén ti calcium oxalate
(monohydrate va dihydrate). Cau hinh dwa ra & hinh 5 ¢ thé gidi thich dudc sy kéo dai lién
k&t C=0 (R6, R7) va gidm d6 dai ndi C-O: lién k&t hydro 1am céc electron 7 dich vé& phia
nguyén tf carbon, lién k&t C=0 it bi phan cyc (lién k&t y&u di) din d&n kéo dai lién két nay.
Ngugc lai, lién k&t C-O bj phan cuc hon trude, k&t qua 1a d6 dai lién k&t gidm.

0 Q g
ANy (A
5 o A

G C C

(a) (b)

Hinh 5. Vi tri tic ddng dy dodn ctia g&c hydrat trong
(a): Calcium Oxalate monohydrate; (b): Calcium Oxalate dihydrate
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Bang 3. Tan s cac dinh phd (cm™) tinh todn cho phan ti¥ calcium oxalate

Mode Calcium Calcium Calcium Cdu hinh trén cgng giai
dao it Oxalate Oxalate thich dudgc su dich chtxyen ra xa
dong monohydrate dihydrate nhau cta hai dinh, pho thudc cdc
1 105 75 76 mode dao dong 14 va 15 (lan lugt
) $i 117 90 13 dao dong ddi xing va phdn doi
3 287 278 268 xing) trong trudng hdp phin i
4 340 qany 324 ngdm mot nudc. Theo Norman va
5 355 361 364 cs., khodng cdch giita hai dinh phd
6 496 491 485 thuéc vé dao dong ndi cia nhém
7 499 502 503 ca%‘bonyl trong oleilate mang gid tri
8 508 505 508 chitir20-25cm’.

Tinh todn cho phan o

9 759 760 761 calcium oxalate cho gid tri khd phu
10 808 799 791 hop, nhung gid tri thue nghiém do
il 834 835 835 dudc trén calcium  oxalate
12 1148 1173 1262 monohydrate lai rat 16n (96 cm™).
13 1241 1293 1302 Tir cdc tinh todn cho ra cdu hinh
14 1716 1632 1617 nhuv da trinh bay, ta ¢6 thé dy dodn
15 1735 1722 1645 ring nhém hydrate da tdc ddng vao

nhém C=0 lam cho dao déng phin
. d8i xtng trd nén khé khan hon, s6 séng cda dinh phd tuong dng gidm di. Gid tri 100 cm’ clia
¢&u hinh duge chon khd gan véi gid tr thyc nghiém.

Tinh todn ab initio cling chi trong trudng hgp phin t ngdm hai nude, dinh phd tuong
ting vdi dao dOng ddi xing ciia nhém carbonyl (mode 15) lai ti€p tuc gidm. Hai dinh phd dic
trung cia nhom carbonyl bdy gid lai dich lai gin nhau nhung § ving phd c6 sd séng thap.

I1.3. Anh hudng ciia méi trudng ty nhién

Pé khaio st sy anh hudng cla mdi trudng, T.D. Nguyen Hong va cs. di khdo sdt so
b6 phd cla sdi c6 thanh phdn calcium oxalaie trong diéu kién thit clia cd thé (in vivo
condition) : nhing séi trong nudc tiéu.

Nudc tiéu binh thudng chita khodng 4% sén phé?m phé thdi clia co thé, phan con lai 1a
dung dich v§i chét tan chi y&u la urea, sdn phim cudi clia qud trinh trao ddi protein. Ngoai
ra con ¢6 nhitng san pham chifa nito nhu creatine, creatinéne va hippuric acid v6i thanh phin
rat nho [4].

Ching 16i dd khdo sat dnh hudng cla nudc ti€u (xem gan ding 1a urea, hing s& dién
moi €=3,5) lén phd clia phan i calcium oxalate (monohydrate va dihydrate) bing cdch sl
dung m6 hinh Onsager trudng phdn ng tr hgp SCRF=Dipole [3]. Trong m6 hinh Onsager,
chat hoa tan dudc gi4 thi€t 1a chita ddy trong mot hoc hinh clu ¢6 dinh c¢6 bén kinh ap & trong
dung mdi.

Tinh todn ab initio véi tit khéa SCF = Tight Volume, ta nhin dugc bdn kinh ctia phédn
t¥ calcium oxalate & cdu hinh ngdm nuéc ao= 3.16 A va335A14n lugt cho calcium oxalate
monohydrate, calcium oxalate dihydrate. Khao sét cho thdy dung mdi urine 1am cdc dinh phd
dich chuyén rat it (tir 1-2 cm™) va kh6 c6 thé nhén bi€'t dudc sy chuyén dich nay. K&t qud
nay hoan toan phil hgp véi nghién ctu thue nghiém cia T.D. Nguyen Hong va cs. [5].
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I1.4. Pinh phé dic trung clia calcium oxalate
Duya trén k&t qué tinh todn, ching t6i dé nghi s
Aoy ~— dung hai mode dao dong 5 va 7 (Iin Iwgt 1a hai dinh
phd 505 va 598 cm™") dé nhan dang thanh phin calcium
oxalate trong sdi. Dua trén cdc toa d6 Z cda tat ci cdc
nguyén tif & hai mode nay déu bing khong, c6 thé ket
ludn ngay ring & hai mode dao ddng nay, cdc nguyén
tif chi dao dong trong mit phing phan tif (mit phing
Hinh 6. Hai mode dao dong cda  XY). Dua trén cdc toa d6 X,Y cla cdc nguyén ti¥, ¢6
phén tlf calcium oxalate th€ thi€t 14p hai md hinh cho hai mode dao déng nay
(a) : mode 5 va (b) : mode 7 nhv trong hinh 6. Miii tén chi phuong dao dong cda
nguyén tif trong phan tlf, tdt nhién né ciing s& dao dong

theo chiéu ngudc lai qua vi trf can bing.

Qua hinh 6, ta ¢6 nhdn xét ring hai mode dao ddng trén chi 1am thay ddi géc lién két
0-Ca-O va tir d6 1am lam thay ddi do dai lién két C-C. Céc nguyén tif con lai cling ¢6 dao
dong nhung chi 12 dao dong do dnh hudng (kéo theo) va la chuyén dong tinh tién. S§ séng
hai mode dao dong nay it thay ddi dudi tic dong clia gdc hydrat vi nim trong ving tach biét.
biéu nay cho thdy chon hai mode nay 1am mode dic trung 12 t6i wu nhat.

III. THUC NGHIEM

(a) (b)

D€ 4p dung cédc tinh todn, ching
t6i da khdo sdt 14 miu sbi 14y & Hué€ va
HO Chi Minh. Cdc miu khio s4t déu &
dang bot (trdnh cdu tric khong ddng
nhat cla sdi), dugc ghi phd FT-Raman
trén quang phd k&€ EQUINOX55 Bruker
k&t ndi vdi bd phan FT-Raman FRA-
106/S cta phdong Phan tich Trung tim
— Pai hoc Khoa hoc Tu nhién. DPiéu

0004 ——— T T

0.003

0.002

0.001

Raman Intensity

0.000 |

" A rd P g 7 P a A
= o~ = kle_:n‘ chay phd véi tit cd cdc mau:
Wavenumber (cm-1) ngudn sdng kich thich 1a laser lién tuc

Hinh 7. Ph8 FT-Raman cia miu s6i T10 can hong ngogi Nd :YAG hoat dong &

budc séng 1064 nm, cdng suit 70mW,

s6 1an quét 1a 150 (scan), ving phd
150-3500 cm™. T4t cd cdc mAu déu chia calcium oxalate. Hinh 7 12 ph8 ghi nhan dugc cda
miu T10. Hai dinh 505 va 590 cm™ xudt hién trén tdt cd cdc phd va thude vao viing rit dé
nhan bi€t. Viing phd 1460 d&n 1495 cm™' ¢6 thé duge ding d€ phan biét hai thanh phin ngam
nudc clia calcium oxalate néi trén [5,6].

IV.KET LUAN

Tinh todn cda ching t6i dya trén gid thi€t cdu tao phan tif cda calcium oxalate cho ké&t
quéd khd t6t so v6i s8 liéu thyc nghiém. Hai dinh phd dic trung ciing da dugc xdc dinh va
chinh di€u nay s& gitip viéc nhin dang thanh phin nay nhanh chéng va chinh x4dc¢ hon.

Ti 1¢ xuat hién cda thanh phdn calcium oxalate trong céc khio s4t trude day 14 rit 16n
(60-80%), hy vong céc tinh todn trén s& 1a tién dé 1y thuy&t cho cdc khio sit sau nay.
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P& tinh todn chinh xdc hon, cin phai xét cdu tric calcium oxalate & dang tinh thé. Liic
d6, s6 dinh phd dao dong sé& phéi tinh todn theo 1y thuy&t nhdm khdng gian (space groupe) va
tdc dong clia gdc hydrat s& phai xem la tuong téc ion trong mang tinh thé. K&t qué néu trén
sé& dudc st dung 12 bude ddu cho cdc tinh todn nang cao sau nay.

CALCIUM OXALATE ANALYSIS OF HUMAN URINARY CALCULI
BY FT-RAMAN SPECTROSCOPY AND THE AB INITIO CALCULATIONS

Huynh Thanh Dat, Nguyen The Quyen
Department of Physics, University of Natural Sciences,
Vietnam National University Ho Chi Minh City

ABSTRACT: In this pape, we present the calculations for vibrational frequencies of
calcium oxalate — the most common composition of human urinary calculi. Based on the ab
initio SCF calculations using 3—-21G basic set performed with the Gaussian 98 program, the
frequencies have been assigned where calcium oxalate is considered as a molecule. The

influence of hydrate on its structure is also given. The structure of the molecule in this case has
been demonstrated and discussed.
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