d

2 L ©.2
M. N o Mumﬁnmznmqnm:c:w. Chemistry Qlympiad m ml 2 MW
no = =1 e ; R — o T
Yo Lo . .mm =y m a3 m
; S0 L wv W
et~
: ET >
3 e W E= " o
g —
wyp @
o A
()

&

|

Life

Chemistry for

AMERICAN CHEMICAL SOCIETY




Name: Code: VNM

| Ch1 dan chung

Viét tén va sb bao danh trén dau tat ca cac trang trong phidu bai lam.
s Bai thi gbm 8 cau, 32 trang.

e Thi sinh co 5 gior G& lam bai thi. Chi dwoc bat dau lam bai khi co 18nh
START.

s Chisk dung but va may tinh duoc cap.

s Tat ca cac két qua tra Ioi mbi cau héi phai dugc vidt trong khung quy dinh
cua phiéu tra 161, Lam khac quy dinh sé& khéng dugc chdm diém. Néu can
gidy nhap thi sir dung mat sau td gidy thi.

s Khican thiét, phai viét cac tinh toan ¢ lién quan vao trong khung tirong ng
clia bai thi. Cau tra I&i chi dugc diém t6i da khi cé dap sb dang ddng thoi ¢b
néu ré cach tinh toan.

¢ Khilam xong bai thi, phai dat tht ca cac trang bai lam trong phong bi duwoc
cap. Khéng dan kin phong bl

« Phai dirng 1am bai khi ¢6 Iénh STOP.
s Khéng r&i khoi chd lam bai khi chua dugc phép cda giam thi.

e O thé dé nghi giam thj cho xem ban Tiéng Anh dé thi chinh thtc cta dé thi
nay, nhwng chi dé ddi chiéu.

The 44" IChO — D& thi Iy thuyét — Ban chinh thirc tiéng Viét
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Cac hang s6 va cong thirc can thiét

S Avogadro, Ny = 6.0221 x 10%° mol™

Hé“mg b Boltzmann, &p = 1.3807 x 1077 J K

Hang sé khi, R = 8.3145 'K "mol ' = 0.08205 atm-L-K "mol™
Van tde anh sang, ¢ = 2.997G x 10° m-s™

Hing sb Planck, 7 = 6.6261 x 107 J's

Khéi luong electron, m, = 9.10938215 x 107 kg

Ap suét chuan, P = 1 bar = 10° Pa

Ap suiit khi quyén, Pam = 1.01325 % 10° Pa = 760 mmHg = 760 Torr
Khéng d6 C, ,273.15K

1 nanometer (nm) = 107 m

1 picometer (pm) = 10 m

Phuong trinh dutmg tron, x* + )% =/
Dién tich dudng tron, o
Chu vi dudng tron, 2nr

Thé tich khéi cﬁu, 4nr/3

Dién tich khéi cAu, 4rr®

Binh luat Bragg vé nhidu xa: sin 6 = ni/2d

The 44” [ChO — P& thi 1y thuyét — Ban chinh thirc tiéng Viét
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Name:

BAI 1

Code: VNM

7.5% tong sb diém

a—i a—ii a-ili

Bai 1

|

20 7.5%

a. Bo bidrua va cic hop chit khic cia bo

Ho6a hoc ctia bo hidrua duoc phat trién dau tién boi Alfred Stock (1876-1946). Hon 20

loai phén tor bo hidrua trung hoa véi cong thire chung B,H, dé dugce tim thdy. Bo
hidrua don gian nhat 1a BoH, {(diboran).

133 pm
H. 1 . H
kY %@.H %, j‘/
R g f’\l na
B e B )22
/ _ ¢
Fi 1 "\.\
H H H

i. Hay dung nhiing s6 lidu duéi day dé rat ra cong thire phan ti cia hai thanh vién
khac (A and B) trong day cac bo hidrua.

Hop chét Trang thai (625 °C, 1 | Phéan trim khéi Khéi lrgng mol
bar) lwgng cita bo {g/mol)
A Long 83.1 65.1
B Rin 88.5 122.2
A = B —_

The 44" IChO — D& thi I¥ thuyét — Ban chinh thirc tiéng Viét
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il. William Lipscomb d3 nhin giai Nobel Héa hoc nim 1976 vé “nghién ctru cdu tric
cée bo hidrua dé lam sang 1o nhiing vén @ cia lién két hoa hoc”. Lipscomb phat hién
rang trong 1dt cd cde bo hidrua, moi nguyén nr B lign k8t véi it nhéat mét n guyén tu H
bang 2 electron nhu thidng [¢ (B-H). Ngoai ra, 6ng con phat hién thay mdt s6 dang lién
két phu khac va dua ra mot so dd mb ta cdu trie cha cc boran véi chudi 4 con sb styx,
trong do:

s = s6 cau B-H-B trong phén tir

t = s6 lién két 3 tdm BBB trong phan tir

B

)

b

i
;B
f

B
y = sb 1ién két 2 tim B-B trong phan tir
x = s nhém B trong phén tiy
Chéng han chudi bon chir S(i) styx dc”}i v6i BoHg 142002, Hay dua ra céu triic cia
tetraborane (B4Hy ) ¢6 chuoi chit s6 styx 1a 4012,

The 44" IChO — Dé thi 1y thuyét — Ban chinh thtc tiéng Viét
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iii. MOt hop chét cta bo véi cacbon, clo va oxi ¢é ¢dng thire B4CClsO. Céc phép do
pho chi ra rang trong phén ti nay c6 chira 2 dang nguyén o bo khac nhau, mdt cd dang
hinh hoc t&r dién, mdt ¢6 dang tam gidc phang, vot ti 1¢ dang tr dién/tam giac phéng
bang 1:3, ngoat ra trong phén tir cd mdot lién két ba CO. Hay viét cong thirc cdu tao cua
B,4CCl0.

Céng thic cau tao:

The 44" IChO — D& thi 1y thuyét — Ban chinh thuc tidng Viét
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b. Nhiét héa hoc cita cdc hgp chit cita bo ,
Dua vao cdc thong tin cho dwdi day hiy tinh entanpi phén 11 ién két don B-B trong
BoCly(khi):

Lién két Entanpi phén li lién két (kJ/mol)
B-C1 443

Cl-Ct 242

Hep chit AH® (kJ/mol)
BCls(khi) ~403

B,Cly(khi) ~489

The 44™ IChO ~ D& thi 1y thuyét — Ban chinh thire tiéng Viét




Name: Code: VNM

c.Héa hoc ciia Diboran
Hay viét cong thirc cdu tao cua cac hop chat ghi bang chit s6 trong so d6 dudi day. Tat ca
cac hop chét nay déu ¢6 chira bo.

+ C]g 1
3 | e—— BzHg mmma-] I} = C HsB(OH),
+ CH,OH CeHsMeBr
NH,CI +H0 N
200 °C + NHj
H
| ¢ 2
- N -
Ci\ 3 R g ~ Cl
Lo A
" AN LN H
?w + NaBH,4
B R
Cl S
CHU THICH
a. Hop chat 5 cé diem s61 18 55 °C.
b. Trong 14t ¢ c4c phan (g, céc tac nhén phan tmg dugce ding du.

c.  Khihoatan 0.312 g hop chit 2 trong 25.0 g benzen ngudi ta thiy do ha bang
diém bang 0.205 "C. Hang s0 nghiém lanh cia benzen 14 5.12 *C/molan.

The 44" IChO — P& thi 1y thuyét — Ban chinh thirc tiéng Viét



Name: Code: YNM

Hop chit s6 Cihu tao phén tir ciia hop chit

The 44" IChO — P& thi Iy thuyét — Ban chinh thic tiéng Viét




Name: Code: VNM.

BAI 2 7.8% tong s6 diém
a—i a—ii b-i b-ii ¢ Bai 2 7.8%
4 4 6 1 5 20

Cac hop chat cia platinum (1), cdc dbéng phan va hiéu ing  Trans.
Platin va cac kim loai cung nhom tao thanh céc phue vudng phing. Co ché cua céac
phan dng cta ching duoe nghién ctru rdt nhidu. Chdng han, nguoi ta biét rang phan ung
thé vao cac phirc nay xay ra vo1 viéc gift nguyén cdu hinh héa hoc ldp thé.

T L T L
\Pt/ Y \P’(/ + X
N Ny

Nguoi ta cling biét ring toe d6 thay thé phbi tir X bai mot phdi 1 Y trong phén i chiu
anh huong cia ban chét cia phdi tor T ndm & vi trf frans so voi X, Hién tuong ay duoc
gol 1a hiéu trng trans. Kni T 1a mét trong nhitng phén tr hoéc ion trong day dudi day,

the d6 thé vao vi trf trans so v6i né giam Hr trai sang phai.

CN">H > NO,,I > Br, Cl >pyndine, NH;, OH™, H,0

Su dieu ché cis- va trans-PtNH3)Cly phu thuée vao hiéu lng trans. Sy diéu ché
ddng phan cis cta hop chét trén (mét chét dung trong didu tri ung thu véi tén goi la
cisplatin) dwoc thuc hign bing phan tng ctia K»PtCly véi ammoniac.

2— _

Cl Cl Cl Cl ) Cl NH
N/ NH; N, S NH; NS
/Pt\ S . /Pt\ — /?t

Cl Ci C! NHj Ci \NHS

10
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i, Hay v& tit ca cac dong phén lap thé cha cac hop chét platin (1) vuéng phing cé cbng
thire Pt{py)(NH3)BrCl (trong d6 py = pyridin, CsHsN).

ii. Viét so d6 phan Gng (bao gém ca cdc chét trung gian, néu c6) mé ta qua trinh diéu
ché timg dong phan lap thé cua [Pt(NH;)(NO,)Cly]~ bing phéan tmg trong dung dich
nude voi cac tdc nhan phan ung PtCL5, NH;, va NO, ™ Hiéu dng frans quyét dinh ddng
hoc cha cac phan tng nay.

dong phdn cis:
-
Ci
\P{/
Y
ol \

déng phan trans:
2

Cl
\Pt/
o \

11
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b.  Nghién civu djng hge cia phin ing thé vao cac phire vudng phing
Phan tng thé phéi tir X trong céc phirc vudng phang bang phdi tir Y
ML:X + Y =MLY + X

c6 thé xay ra dong thoi theo hai co ché dusi day:

. Thé Iruc riép: Phéi tr Y tAn cong vao kim loai trung tAm tao thanh phic c6 sb phdi
tri 5 réi phuc nay nhanh chong loai bé phdi tir X dé tao thanh san phim ML;Y.

+Y - X
MLX = [ML;XY] — > MIL;Y

(iiai doan ** 1a giai doan quyét dinh tdc d9, hing sé 10c d6 cua giai doan nay 18 &y .

o Sw thé véi xiic tdc ctia dung moi. ‘Mot phan tir dung mdi S thn cong vao kim loai
trung tdm tao thanh MLgXS, san pham trung gian nay loai b6 X tao thanh ML3S, rdi Y
nhanh chéng thay thé S tao thanh MI;Y.

+8 - X +Y
ML X —————* [ML;X8] ——>* [ML;5§] —_S_"’ ML4Y

Giai doan ** Ja giai doan quyét dinh tdc &6 , hing sb tc d6 cta giai doan nay 14 4s.
Tée do thng cong ctia phan tng thé & 1a:

Rate = k[ML3X] + ky[Y][MLsX]
Khi [Y]>> [MLsX], thi Rate = kops]MLsX].

Cac gia tri & ,vé k,y phu thude vao téc nhan phép Gng va dung mdbi, Mot trong cic vi‘ du
la sy thay th€ phoi tr CI” trong phirc vudng phéang platin (II) ¢0 cong thitc ML, X; biang
pyridin  (CsHsN) (4p dung so d6 phan Ong cia MILIsX cho MIpXs)

| AN | AN 7 | ®
P+ | ) — P + Cl

~ c N 2~ el

™ | [ X ' N

Dit kign vé phan Gng tién hanh ¢ 25 °C trong dung méi methanol, khi
[pyridine] >> ndng dé phue platin, duoc cho trong bang dudi day:

: 12
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Ndng d6 céa pyridine (mol/L) feops (571

0.122 7.20 % 10
0.061 3.45 x 10
0.030 1.75 x 107

i. Tinh cac gia tri ks va ky . Ghi ré don vi tuong dng cha mdi hing sb.

Néu thich ding &5 thi thi ban ¢ thé ding bang chia 6 duéi day,

The 44" IChO ~ Dé thi ly thuyét — Ban chinh thitc tiéng Viét
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ii. Voi [pyridine] = 0.10 mol/L, phat biéu nao dudi day la dung? (Danh diu vao & co
cu tra 141 ding)

Phén 160 san phim thay thé pyridine duge hinh thanh theo co ché thé cé xiie tic
dung méi (k).

Phén 160 san phim thay thé pyridine duge hinh thanh theo co ché thé truc tiép

Céa hai co ché tao ra nhiing lugng san pham tuong duong v6: nhau

Khong the dua ra két luén gi vé ti 1€ cla cac san pham tao ra bdi hai co ché,

¢. Mot tac nhan héa tri Liéu

Dé céc phan tir thube cisplatin tiép can tot hon voi cac 1€ bao ung thw, nthom nghién ciu
& MIT ctia gido su Lippard gin mét phire platin(IV) vao cac oligonucleotid lién két voi
cac hat vang kich thudc nano. '

o N o PAIY)

Hat vang kich thude nano Oligonucleotid Phire PH(IV) duge gin vao tdn cang

Trong céc thi nghiém ngudi ta dung céc hat nano vang ¢é dwudng kinh 13 am. Gin
v61 mdi hat 1a 90 nhom oligonucleotide. 98% céc nhém nay, mdi nhém sé Hén két vai
mdt phic PY{IV). Cho ring binh phan tmg ding dé xit 1i céc t& bao bing tac nhén la cac
hat nano da dinh thém phic Pt(1V) cé thé tich 1.0 mL va dung dich ¢6 ndng 46 (quy ra
Pt} 1a 1.0 x 10° M. Hay tinh khéi lwong vang va platin dung cho thi nghiém nay.
(Khdi luong ridng cia vang 13 19.3 glem®)

14
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Khbi fwgng platinum

Khéi hrong vang

The 44™ IChO — D& thi Iy thuyét — Ban chinh thirc tiéng Viet
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Bii 3 7.5 % Tong sb diém
a b | oe-i | i Bai3 | 7.5%
12 6 12 34
!
|

Cac ion thiomolybdate duoc tao thanh tlr cac ion molybdate, MoOq", bing cach thay thé
cac nguyén tr oxi bai cac nguyén tir luu huynh. Trong tu nhién, cac ion thiomolybdate
duoe tim thdy & nhitng noi nhw céc vimg nudc siu cia Bién Pen, noi ma su ki sinh hoc
sunfat sinh ra H,S. Su uhuyen héa molybdate thanh thiomolybdate dan dén su mat nhanh
lugng Mo trong nude bién vao 1op tram tich phia duot, lam suy giam fuong Mo trong da
duong, mot nguyén t6 vi luong can thiét cho cufc séng.

Céc chn bing sau day biéu didn quan hé ndng do cia cic jon molybdate va
thiomolybdate trong dung dich nudc lodng

MoSs” + H.0() = MoOS;* + H,S(aq) K;=13%107

MoOS:* + HO() == Mo00,8,” + HpS(aq)  K»=1.0x107

M00,8," + H,O() = Mo0;8* + H,S8(aq) K;=1.6%x10"

MoO:S8* + HoO() = Mo04* + H,S(aq) Ky =6.5%10"°

a. Néu ¢ trang thai cén bing mét dung dich chira MoO4" 1x107 M va HyS(aq) 1x10° M
thi nOng 86 cua MoS,* & bang bao nhiéu?

16
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Céc dung dich chiza Mo03S:™, MoOSs* va MoSs™ cho céc pic hép thu anh sang trong
viung kha kién tai budc song 395 nm va 468 nm. Cac ion khac, cling nhw H:S, hép thy
anh sang khong dang ké trong ving buée song kha kién. Hé s6 hap thu phan ti¥ (e) tai hai
budce song trén dugce cho trong bang sau:

g tal 468 nm g tal 395 nm

L mol™ ¢cm™ L mol” cm™
MoS4> 11870 120
MoOS;” 0 9030
' MoOzSzz‘ 0 3230

b. Mot dung dich khdng & trang théi cin bing gdm m61 hdn hop cia MoS.*, MoOS;* va
Mo0;8," va khéong chita cdc dang khac cia Mo. Tong nong do cua tit ca céc dang ton
tai cha Mo 12 6.0x107° M, Trong mot cuvet loat 10.0 cm, df hép thu ctia dung dich tat
budc séng 468 nm 14 0.365 va tai 395 nm 13 0.213. Tinh ndéng d6 cta ca 3 anion cia
Mo trong hdn hop nay.

Mo0,8,7":

MoOS5%":

MGS42":

* 17
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¢c. M6t dung dich ban ddu chira MoS.4 2.0x107 M bi thay phan trong mdt hé kin. San
phdm H,S duoc tich Ity cho dén khi hé dat dén c4n bing. Tinh ndng d6 can bang cua
M,S(aq) va cia ca S anion cia Mo (gdm MoQs”, Mo0Os8%, Mo0:S:", MoOS;™ va
MoSs7). Bé qua kha nang H,S ¢6 thé bi ion héa thanh HS™ & diéu kién pH da cho.
(Vié‘[ 6 phuong trinh ddc lap dugce 1/3 s§ diém, tinh dang néng d6 cua sau chu t duoc
2/3 sb diém.)

i. Viét 6 phuong trinh doc lap dé xac dinh ndng d6 clia sdu céu .

The 44" IChO — Dé thi Iy thuyét — Ban chinh thirc tiéng Viét
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ii. Tinh nbng d6 cta 6 cAu tir trén bing cach tinh gin ding hop 1y, viét két qua vai 2 chit

s0 ¢6 nghia.

H,S MoQ,* MoO5S8*

M002822— MOOS32_ MOSdfz-

The 44" IChO — Dé thi Iy thuyét — Ban chinh thic tiéng Viét
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BAT 4 7.8% Tong sb diém
a | b | ¢ | d-i | d-ii | g-ii | d-iv | e-i e-ii ~ Bai4
1211410 4 | 2 2 4 4 8 60 7.8%

Vao nhitng ndm 1980, mét loat cac vat li¢u gbm cé tinh siéu dan & nhiét 46 khoang 90 K
dugc phat hién. Mot trong s6 do chua yttrium, barium, dong, oxi va dugc got la “YBCO™.
Cong thiic hop thic cia hop chat ndy ¢é dang YBa;Cuz O,

nhung thanh phén thire t cita hop chét bién ddi thé hién theo cong thire YBayCusOy.5 (0
< <0.5).

a. Hinh du6i ddy thé hién mot 6 mang co s6 ciia tinh thé YBCO ly tuéng. Hiy xac dink
moi ky hiéu vong tron mg voi nguyén td nao bén trong céu tric.

O

%5
O
¢
® O @

.

o
.
®

&
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Céu trac thue sy cla vat liéu la tryc thoi (orthorhombic) vai (a # b # ¢), nhung rit gé‘m
vt phuong (tetragonal) voi a ~ b = (¢/3).

b. Mét miu YBCO ¢ 6= 0.25 duoc nghién e bémg nhidu xa tia X véi bive xa Cu Ko
(% = 154.2 pm). Pic nhidu xa & goc nho nhét tng voi 26 = 7.450° . Gia sivring a = b =
{¢/3), hay tinh gid tri cua a va c.

¢. Xéc dinh khéi hrong riéng ctia vat liéu YBCO (c6 6= 0.25) theo don vi g cm™ Néu
trong phén (b) chua tinh dugce gid trl cda a va ¢ thi s dung gia tri ¢ = 500. pm, ¢ = 1500.
pm dé tinh trong phan nay.

Khé: luong riéng =

21
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d. Khi hoa tan YBCO frong dung dich HCI 1.0 M quan sét thiy c6 su hinh thanh cac bot
khi trong dung dich (phén tich séc ky cho thay cac bot khi ndy 14 O,). Sau khi dun trong
khoang 10 phat dé loai bo hét khi trong dung dich, thém vao dung dick mot luong du K,
dung dich chuyén sang mau vang néu. Dung dich nay co thé duge chuan do véi dung
dich thiosulfate vi chi thi hé tinh bot. Néu YBCO duoc thém truc hep vao dung dich
chira dong théri KI va HCI ¢6 cling ndng dé 1.0 M trong bau khi quyén Ar thi dung dich
chuyén sang mau vang nau nhung khong thiy tao thanh khi.

i. Viét va céin bang phuong trinh ion thu gon cia phan Gng hoa tan YBayCuyOqg
trong HCI ¢6 hinh thanh khi Os.

ii. Viét va can bing phuong trinh ion thu gon cia phén tng khi dung dich trong (i)
phan tmg voi luong du KI trong dung dich axit sau khi khi oxy d3 bi loai bd hét khai
dung dich.
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iii. Viﬂét va cén bing phuong trinh ion thu gon ctia phan img khi dung dich tir (if)
duoc chuin do bang thiosulfate (S204%).

iv. Viét va cAn bang phuong trinh ion thu gon cta phan émg khi YBa,CuzOrg dugc
hoa tan trong dung dich HCI chira lugng du KI trong khi quyén Ar.

The 44" IChO — D& thi Iy thuyét — Ban chinh thic tiéng Viét
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e. Didu ché hai mdu YBCO gibng hét nhau v6i gié tri § chua xdc dinh. Mau thiy nhét
dugc hoa tan trong 5 mL dung dich HCI 1.0 M ¢é tao thanh khi O,. Sau khi dun dé loai
bo khi, dung dich duge lam ngudi roi dugc thém vao 10 ml. dung dich KI 0.7 M trong
khi quyén Ar. Chuan d6 dung dich nay bang dung dich thiosulfate véi chi thi hd tinh bot
thi ¢in 1.542 x 10 mol thiosulfate. MAu YBCO tht hai duoe thém trize tiép vao 7mlb
dung dich ¢6 nbng d& K114 1.0 M va HCl 12 0.7 M trong khi quyén Ar. Chuén d6 dung
dich nay bang dung dich thiosulfate voi chi thi hé tinh bdt thi cdn 1.696 x 107 mol
thiosulfate.

i. Hay tinh s6 mol Cu trong mdi miu YBCO.

ii. Hay tinh gia tri §cho cdc méu YBCO néi trén.

- 24
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BAI S 7.0 % Tbng s diém
a- a-ii b I d e f Bai 5
2 4 4 2 1276 | 4 34 7.0%
1

Axit deoxyribonucleic {DNA) Ia mdt trong cac phén tir co ban cua sy song. Bai nay s& xét cic
cach ma céu tric phan th DNA cdé thé b1 bién dd1 theo cach tu nhién va theo cac cach ma con
nguoi nghi ra.

a. X¢ét cac bazo pyrimidine 1a cytosine (C) va thymine (T). Trong phan tng anky! héa chudi
don DNA, nguyén tir N-3 (danh diu *) clia mét trong hai bazo nay thudng 1a vi tri thé hién tinh
nucleophin, trong khi & bazo kia nguyén tir nay lai khong c6 tinh nucleophin.

i. Chon (bang cach khoanh tron) bazo nao, C hay T ¢6 nguyén tir N-3 thé hién tinh nucleophin
cao hon.

NH, 0
% Me *
| N | NH

N/&O N/&O

H H

c 7

() |
C T

il. V& hai cau tric cong hudmg cta phén tir ma ban di chon dé minh chirng cho cau trg 101 trén.
Viét tat ca cac dién tich qui ude ¢6 gid tri khéae khong (zero) trén cac nguyén tir & trong cac cOng
thirc nay.

(i)
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b. M6t cach bién ddi phd bién ctia DNA trong tu nhién la phan tmg metyl héa vi tf duoc déanh
déu (*) ciia guanine (G) bing S-adenosyl methionine (SAM). V& céu trac hai san pham cla
phan tng gilta guamne va SAM.

1

0 NH, "
N © O\”/k/\g 0 N/:
< G T Y
I
G SAM

¢. Mot trong sb céc tac nhén ankyl hoa DNA duge con ngudi diéu ché sém nhét 12 khi mb tac.

O

HN N
2NJ&\N I N> HN

H
>IN 2 {A] - Cl/\/s\/\ﬁkw

N
|

N

H
Trong so dd phan img trén, dau tién khi mi tac bién d41 noi phan tir, tao thanh mdt chit trung

gian hoat dong A, sau do chét nay ankyl hoa truc tiép DNA cho mdt san phdm axit nucleic nhu
dd néu & phwong trinh trén. V& céng thirc ciu tao ciia chat trung gian hoat dong A.
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d. Céc chat mi tac chita nito cling phan ng theo cch twong tuw nhu mu tac chira luu huynh &
muc ¢. Kha ning phéan timg clia hop chét nay c6 thé bién déi thy theo nhém thé thit ba ¢ trén
nguyén (0 nito. Kha ning phan dng cta cde mu tac chia nito tdng theo su tdng tinh nucleophin
clia nguyén tir nito trung tam. Trong sb cac mu tac nito dudi day hiy chon hop chit nao cé kha
ning phan tng cao nhit va hop chét ndo ¢é kha nang phéan tmg thdp nhit.

i

NO,
NO,
I o >N arr >N
I 1 11
KIA NANG PHAN UNG CAO NHAT:
KHA NANG PHAN UNG THAP NHAT:
i,
OCH, NO,
N N N
C|/\/ \/\C] Ci/\/ \/\Cl CI/\\/ \/\CI
I 1 11

KHA NANG PHAN UNG CAOQ NHAT:

KHA NANG PUAN UNG THAP NHAT: .
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iil.
Os_ _CHs Os _OCH,
o1 g 1 TN g e R Y
I 11 i

KHA NANG PHAN UNG CAO NHAT: ’
KHA NANG PHAN UNG THAP NHAT: |
|

e. Mbt 58 céc chét thién nhién c6 tac dung nhu chét ankyl hdéa DNA. Ching dugce st dung lam
chét tri Hau ung thu do ¢o hoat tinh chéng khéi u. Mot nhém céce chét ¢é tinh chit ndy ia cac
duocarmycin. So dd dudi day chi ra cac budce cha qué trinh tong hop toan phan bit ddi ciia hop
chét thién nhién nay. V& cong thirc cdu tric cta cae chat J va K.

O
H N—i
N (v} 1) Mg
+
wcooe—d \]é Y : 1) NaH K 2) H,0
N QBn : }0
2} 7 ONs
05‘& OBn I/\/
aBn
OH
02 :
‘e
Ns D S— N0
0sN {(+}-Duocarmyein SA.  ——— H;COOC 7 \f
ol N 0Bn
) o‘ﬁk OB
J K
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f. Ngudi ta cling diéu ché cac phéan i nho ¢ cau tric tuong tu dé nghién clru cach ma trong dé
cic duocarmycin hoat déng. Dudi ddy dan ra mot vi du nhu vay, dé 1a phan 1o thioeste. V& céng
thire céu truc cla chat trung gian hoat déng Z.

0
N
. I
cl="", N NH S N TN,
o ¢ Y H 0
9 N\{ NaHCO N OTNT ThH, 0 N~
74 a 3 H 74
oBn — 7 - 0Bn
CH,S N CHS N

o CoiH1gN>04S

021 H’1gC|N204S

OH
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BAY 6 6.6 % Téng s diém

a b ¢ D Bai 6
2 4 6 8 20 6.6%0

Varenicline da duoc phat trién thanh thudce udng ding trong didu tri ching nghién thube 14; nd
c6 thé dugc tong hop theo con dudng dan ra duoi day. Tat cd cac hop chat ki hiéu bang chiy cai
(tir A dén H) déu trung tinh, khéng co6 dién tich.

NaQ
CosO.__7 OCas
KCN A BEINFTNG0,0,H O |
EtOH, H;0 NaQG(CHylg '
Br Br PA{OAC),, CysP ON
THE
3
0
N~ 0CH;
NaOtBu \ Hz, PA(OH),
c D B
{ M50, CHZ0M
7
1 oM
LiAiM,
o 0
FSC/U\O/U\CFS 0 HNO3 (2.3 mol/moi E)
D NM{ CF3805H
{CH3CHa) N, CHyCly CFa 3oy
CH.Cly
E
Hy, PA/C
{CH3}sGHOH
'

N Y X HoN 2 O
e () I S 4) %
= o

N HQN CFS
varenicline G
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a. Viét cohng thie cu tao cia hop chit A.

A
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b. Viét cong thirc cAu tao cia hop chit B, phil hop véi cac dit lieu phé 'H-NMR nhur sau:
0 7.75 {singlet, 1H), 7.74 (doublet, 1H, J= 7.9 Hz), 7.50 (doublet, 1H, /= 7.1 Hz), 7.22
(multiplet, 2 H khong twong duong), 4.97 (triplet, 2H, /= 7.8 Hz), 4.85 (triplet, 2H, J =
7.8 Hz).

B
Viang cdc gig tri chuyén dich héa hoe cita phé "H NMR
I t i ] I I t t i 1 1 ) !
Aromatics RpC=CHy Alkyl-H
RCH=0O  wmmmn [ — [rmm—
RHC=CHR ROCH
Pran N A S——— o
PhO-CH ArCH RRC=CR-CH
[rem——— e e
F-CH Cl-CH I-CH
e R —
Br-CH RC(=0; -CH
EERANICRURRY  PRSERE
RCO,-CH NC-~CH
P N
O,N-CH RoN-CH
R RN
ROONH ROH
RCOOH
P R N PhoH R,NH
i 11 H L] L] 1 1) )] 1 ] 1] i 1

3 (ppm)
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¢. Viét cong thitc chu tric cho céc hop chat C, D va F

C D

d. Viét cong thirc cia cée tac nhén X va Y ding dé chuyén hop chét G thanh varenicline, va
cbng thire cu tric clia chét trung gian H trong so dd tdng hop trén.

X Y
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Name:
BAT 7 7.5 % Tong s6 diém
a b ¢ d e t Bai 7
9 15 8 6 8 6 52 7.5%

M&t enzim nhéan tao duogc thiét ké dé gan két hai phan tir chét phan ung (diene va
dienophile) dudi day, va dugce dung dé xdc tde cho phan tmg Diels-Alder gifta hai chat nay.
a. Co tam san phém cé thé tao thanh ti phan ing Diels-Alder khi hai phén tir nay phan tng voi

nhau khdng ¢ enzyme tham gia. -
g
HdNYO
N
me”  Me
COy
diene dienophiie

i. V& vao 6 dudi diy cong thire cdu trilc cta hai san pham bat ki 1a cac dong phén vi tri cla

pham trong céc céng thire cta ban v ra. Sir dung R va R’ nhu dudi ddy dé bidu dién cac nhom
thé trong phan tir ma khong tham gia trygc tiép vao phéan fmg nay,

COy
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. ~ A ~ s oan A . S . a < s A A LI - A ~ A

ii. V& vao 6 dudi day cong thirc clu triic cua hat san pham bat ky 12 cdc dong phan déi quang
cha nhau. St dung duong dam lién ( —=) va dudng roi (=) dé biéu dién héa lap thé cia mdi
san pham trong céc cong thirc cua ban ve ra. Str dung R va R’ nhu & muc (i).

I B

ifi. V& vao 6 duoi ddy cong thite chu triic cha hai sin phim bat ki 1a cac dong phan phi déi
quang (d6ng phén dia) cta nhau. St dung dudng dam lién (—=) va dwong roi () d& thé hién
hoa tap thé clia mdi san pham trong cdc cdng thirc ctia ban v& ra. Sir dung R va R’ nhu & muc

(i).

35
The 44" IChO - D& thi Iy thuyét — Ban chinh thirc tiéng Viét



Name: Code: VWM

b. Téc d6 va su chon loc ving (vi tri) ctia phan tng Diels-Alder phu thude vac muc dé bi trir
electron giita hai chit tham gia phan tmg. Cau tric cia diene va dienophile lay tir muc a duoe
cho dudi day.

i. Trong cdng thirc phin to diene dudi ddy, khoanh tron nguyén tir carbon nao duge gia ting mat

dé electron, va do vay nd ¢é thé tac dung nhu 1a mét chét cho electron trong phan (g nay. V&
vao 6 sau mét cdu tric chng hudng cha diene nay dé khéng dinh céu tra 104 clia ban. Viét tht ca
cac dién tich qui uéc cb gia tri khac khong (zero) & trén cac nguyén fir trong cdu tric cdng
hudng nay.

co,"

ii. Trong cong thirc phan tir dienophile dudi day, khoanh trdon nguyén t& carbon nao bi gidm mét

do electron, va do vy nd co thé tac dung nhur 14 mét chat nhén electron trong phan Ung nay. V&
vao O sau mét cu tric cdng hudng cta dienophile nay dé khing dinh cu tra o1 cia ban. Viét

tAt ca cac dién tich qui ude ¢6 gid trj khdc khong (zero) & trén céc nguyén tir trong ciu tric cong
hudmg nay.
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it Dua vao két qua vé dién tich rit ra tlr cdc muc (i) va (if), hiy v& céu tric thé hién ding vé vi
tri cho mét san pham chinh cda phan Gng Diels-Alder gifta diene va dienophile di cho khi
khong ¢é xtc tic tham gia. Trong hinh v&, ban khong cén biéu dién héa lap thé cia san pham.
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¢. Hinh v& dudi déy chi ra cac chét tham gia phan tng Diels-Alder khi ching lién két voi nhau
trude khi ching chuyén sang trang thai chuyén tiép dé tao ra san phdm & vimg (t8m) hoat dong
clia enzim nhén tao, Ving mau x4m biéu didn mat cat ngang enzyme. Dienophile ndm phia
dwéi mit phing cit ngang, con diene nam phia trén mat phang cat ngang, khi hai phéan 1 nay
gén két ¢ ving hoat dong.

V& vao 6 dudi day cAu tric clia sén pl:lém ctia phéan ung xuc tac enzyme. Khi v& cong thic
nay, hiy thé hién hoa lap thé cia san pham trong hinh v& ctia ban va st dung R va R’ nhu & céu
hoi a. '
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d. X¢ét cac phit biéu sau vé& enzyme (nhén tao hodc tu nhién). Ddi véi méi phét biéu, néu ding
thi khoanh tron vao chit “True”, néu sai khoanh vao chit “Faise”™.

i. Cac enzyme gén két vao trang thai chuyén tiép chit hon so v6i gan két vao cac chat
tham gia phan Ung hodc vao cac sdn pham cia phan ing.

True False
it. Cac enzyme 1am thay do6i hang sd cdn bang cta phdn tmg thuén lgi cho viéc tao ra san pham.
True False

iii, Xyc tac enzyme ludn lam ting entropy hoat hoa cla phan ung so vai entropy hoat hoda cuia
phan Umg khéng dugc xic tac bdi enzyme.

True False
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e. Nguoi ta didu ché cac dang cal bién cta enzyme nhan fao, ¢ hoat dd xtc tac klvac nhau
(trong hinh duéi ddy dua ra cac enzyme 1, 1L, 111 va IV). O mdi enzyme khdc nhau nay ¢6 hai
gbe amino axit khac nhau ndm & ving hoat d6ng. Biét ring cdc nhém thé hién chire nang
enzyme phai nam gin doan vira khép cia tac nhan khi ching tao ra trang thai chuyén tiép & tAm
hoat ddng cua enzyme.

So voi toe do clha phan ung khong duge xic tic bai enzyme, enzyme néo trong s6 bon
enzyme & hinh dudi s€ lam ting manh nhat tdc d6 ciia phan tmg Diels-Alder?

Enzyme:

Enzyme | Enzyme |l

Enzyme il Enzyme IV
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f. Ngudi ta khéo sat tinh déc hiéu cua cac enzyme nhén tac V va VI (xem céc cong thire ¢ dudi)
véi cac dienophile 1-6 dudi day.

LSRR

k| 2 3 4 5 6

Dienophile 1 phan ing nhanh nhét khi duoc xtic tic boi enzyme nhén tao V (xem hinh dudi).
Tuy nhién, enzyme nhén tao VI xtic tic manh nhit cho phan tng ciia mot dienophile khac.
Dienophile nio trong s6 séu dienophile ké trén s& phan g nhanh nhét trong phan tng Diels-
Alder khi dugce xtc tac bdi enzyme VI?

Dienophile:

Enzyme V

Enzyme V|
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BAI S 8.3% tong sé diém

a | bei | beit | beiii | beiv | bev | coi | e e-iii bai8 |

2 03 1 4 | 6 | 42 (5|8 2 36 8.3%
|

Céc hop chat hydrocarbon da vong thom (PAHs) la cac tac nhén & nhiém khdong khi,
chiing 13 thanh phan cta cac died hitu co phét quang va cha cac mdi trudng gilia cac vi
sa0. Bai nay dé cép dén mét loai hop chat duoc goi la hydrocarbon da vong thom xép
ﬁ]ang hang (PAHs thing hang), trong dé cac vong benzen duoc ndi lién tuc thanh nhiing
chudi ¢6 do dai khéc nhau. Céc vi du cu thé 14 benzene, anthracene va pentacene duoc
trinh bay trong hinh v& dudi ddy. Tinh chat vat Iy va héa hoc cia cée hop chit nay phu
thude vao mirc d6 khong dinh chd (giai tda) clia céc electron 7 trong toan phdn i,

benzene anthracene pentacene

4 ¥ 1 i 1 1
x R o |

o i | i d :

a. Chidu rong cia mdt vong benzene 14 d = 240 pm, dung gid tri nay dé xac dinh gia i
kich thude chiéu ngang theo phuong truc (x) ctia anthracene (d,) va pentacene (d,).

Anthracene, d, =

Pentacene, d, =

b. Gia dinh mét cach don gian ring, céc electron 7t clia benzene duge md hinh héa theo
dang bi han ché trong mdt hép vudng. Theo mé hinh nay, céac electron = lién hop cua
PAHs ¢6 thé dugce coi nhu céce hat tu do trong mdt hop chit nhét 2 chiéu trong mét phang
X-y.

Poi voi cac electron trong hép the hai chiu theo cac truc x va y, trang thai ning
luong lugng tir cha cée electron duge tinh bai cong thire

2
n. o ono LR
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Trong phzrong trinh nay, 1, va n, 1a céc s6 Iuong tir ing vai trang thai nang luong
v& c6 gid tri 1a cac s6 nguyén trong khoang tir 1 téi oo, A 14 hang s6 Pl anck, m, la
khéi luong electron, L, va L, la kich thude cua hip thé.

Trong bai nay, hiy coi cic electron ©t ctia PAHs nhu nhitng hat trong hép thé hai
chiéu. Trong trudong hop nay, hai so lugng t 7, va », 1a ddc lap véi nhan.

. Trong bal nay, gia su rang mbt phén tir benzene ¢6 kich thude x va y cling bang dé dai
d Hay thiét 1ap cong thic téng quat cho céc ndng luong legng tr hoa cna cac PAHs
hang hang nhur la mot ham cua cac s luong tr n va ny, d6 dai d, s6 vong benzen trong
chudi w, va cac hang s6 h vam,.

ii. Gian dé céc mire nang hurong dudi déy cla pentacene md td mét cach dinh tinh cac
ning lugng va cac sb luong tir iy, ny cho tht ca cac mie bi chiém béi cdc electron 7 v
cac murc nang fuong thép nhét khong bi chiém, Vi cdc electron ¢6 spin nguge chidu duoc

thé hién bang cac miii tén hudng lén va hudng xudng. Cac mire nang lrong duee mb ta
bing cac sb huong tr (ny; 1y).

Pentacene:;
32
MY
1L (2 2)
1L 2)
L&D
RS
L6 1}
G
(IRCHEY
LG
e
I n
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Gian dd cdc mic nang lugng cua anthracene duoc md ta dui day. Luu y réng
mot sb mirc nang luong cé thé cé cing nang luong Hay dién vao gian dé nang lugng céc
s& chinh xé4c cdc miii tén hudng len va hudng xubng thé hién cac electron 7 trong
anthracene. Xac dinh va dién cac pia tri thich hop ctia céc sb luong ti ay, ny vao chd
tréng bén trong déu ngodc.

Anthracene:

S

N GRS L G
G
G

iii. Sir dung md hinh nay dé x4y dung gian dd ning luong cho benzene va dién electron
vao cac muc ning tuong thich hop. Gian d6 phai thé hién duoc mire néng luong thép nhat
khéng bi chiém. Dién cac gid tri O lugng 1 iy, 1y thich hop cho mdi mirc ning lugng.
Khong duge gid thiét ring mé hinh hat trong hop thé vudng st dung trong trudng hop
niy cho cac mirc ning luong bing véi mire nang luong cho boi cac md hinh khac.
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iv. Thong thudmg, hoat tinh cia PAHs tuong quan ty 1€ nghich viéi d6 chénh 1éch ning
lwong AE gitra mie nang fuong cao nhét bi chidém bai céc electron 1t va muc ning lwong
thip nhét khong bi chiém,

Hay tinh dd chénh 1éch nang luong AL (theo don vi Joules) cho benzene, anthracene va
pentacene. Sir dung két qua trong muc ii) va iii) tuong tng cho anthracene hoic benzene,
hodc dung (2, 2) cho mire ning lwong cao nhat bi chiém va (3, 2) cho muc néng luong
thip nhét khéng bi chiém cho hai phéan tir nay (céc gia tri nay cé thé khéng phai 1 cac gia
tri that).

AF ¢cho benzene:

AFE cho anthracene;

AF cho pentacene:
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Sap xep benzene (B), anthracene (A), va pentacene (P) theo thit ty ting dén hoat
tinh bing cach dat cac ky hiéu chi tir tréi sang phai trong phén tra 11 phia dudi.

Hoat tinh kém nhat «oeeeeecmmoomemee > Hoat tinh manh nhét

v. Gian db quang phd hép thu electron (biéu difn do hip thu phén 1 theo budc song) cha
benzene (B), anthracene (A), va pentacene (P) dwoc trinh bay dudi diy. Dua trén su hiéu
biét dinh tinh vé& mé hinh hat trong hdp thé, hiy x4c dinh gian d6 nao 1a (ng véi phan tir
nao, didn cac ky hidu vao cac ¢ tuong img bén phai gian do.
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¢. Graphene ia mét tam gbm cac nguyén tir carbon sap xep hai chidu theo dang & ong.
N6 c6 thé duge coi 1a truang hop gidi han trén cia hop chét hydrocarbon da vong thom
vai chidu dai vo han theo ¢a hai phuong. Gidi Nobel Vat Iy 2010 duoc trap cho Andrei
Geim va Konstantin Novoselov do nhiing thi nghiém mang tinh dot phé vé graphene.
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Xét mot tAm graphene phang 6 kich thude L,=25 nm va Ly=25 nm. Mot phdn clia tim
nay duoc mé ta nhur sau,

i. Dién tich ctia m6t don vi hinh luc gidc gdm 6 nguyén tir carbon 1a ~52400 pmz, Hay
tinh $6 electron = trong tdm graphene (25 nm x 25 nm). Trong bai nay, c6 thé bd qua cac
electron & ngoai cac canh (cac electron ndm ngoai cac hinh luc gidc nguyén ven).
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it. C6 thé coi electron = trong graphene nhu céc electron tw do trong hdp thé hai chiéu.

Trong nhiing hé co s6 electron 16n, khong ton tai mot mae don lé cda ning liwong cao
nhét bi chiém. Thay vao d6, cé nhidu trang thai cé nang luong gin bing nhau ma phia
trén chung la cac murc nang lvong khong bi chiém, Nhiing trang thai bi chiém cao nhét
ndy duoc goi 1 mic Fermi, Mirc Fermi trong graphene gém nhiéu sy két hop clia céc sb
luong tit 1, va n,. Hay xéac dinh niing luong clia mic Fermi ctia tAm graphene hinh vudng
25 nm x 25 nm duya theo mic nang luong duoc dién diy thip nhat. Mic nang hong
duoc dién d‘ay thdp nhét cé gi4 tri khéc 0, tuy nhién, gid tri ndy kha nhé va ¢6 thé duoc
coi bing 0. D& giai bai nay 6 thé mé 4 cic trang théi Jaong tir (n,.n,) nhu la céc diém
trong mang ludi 2 chidu (nhw hinh v& phia dudi) va co thé xem xét cach cac mitc ning
luong duge dién day véi cac cip electron. S6 lwong electron c6 thé 14y tir phén (i) hodc
c6 thé dung gié trj 1000 (g1a tri ndy c6 thé khéng phai 12 gia tri that).
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iii. D8 din dién ctia cac hop chét kiéu graphene ¢6 méi tuong quan ty 1é nghich vai dé
chénh léch ning luong gifra cac mitc ning lugng thap nhit khong bi chiém va céc muc
nang lugng cao nhét bi chiém. Sir dung su hiéu biét v electron n trong PAHs va
graphene dé du dodn xem, tai mot nhiét dé xac dinh, d6 dan dién coa tAm graphene hinh
vudng kich thude 25 nm x 25 nm la bang, nhé hon hay 1ém hon d6 din dién cta mét tAm
graphene kich thuéc 1 m x 1 m. Khoanh tron lua chon trong phan phiéu tra [oi.

nho hon bing lén hon
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