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Hwéng dan chung

¢ Cudn dé thi va tra 10 phan li thuyét niy gom 61 trang.
*  Thi sinh dugc phép viét ngay khi c6 thong bao 1énh Start.
e Thi sinh c6 5 tiéng dé hoan thanh phan thi nay.

e Tét ca két qua va cau tra 1oi phai dugc viét rd rang bang but trong khung dugc thiét ké twong tng.
Viét ra ngoai khung nay s& khong dugc tinh diém.

Néu thi sinh can gidy nhap, c6 thé ding mit sau cua cudn dé thi ndy. Luu y rang, phan viét nhap
nay sé khong dwgc tinh diém.

e Chi st dung but va may tinh duogc phat.

*  Thi sinh chi c6 thé yéu ciu ban tiéng Anh chinh thirc ciia cudn dé thi Ii thuyét nay cho viéc lam 1.

¢ Néu thi sinh mudn ra khoi phong thi nghiém (dé sir dung nha vé sinh, uéng nuéc hoic in nhe), gio
thé thich hop. Mot trg Iy phong thi nghiém s& dén dé di cung.

*  Véi cac cdu hoi nhiéu lya chon : néu thi sinh mudn thay ddi cau tra 10, t6 kin 6 tra 10 sai, va chon
6 tréng khéc trong cau do.

* Giam thi s& thong bao 30 phut trudce khi Iénh “Stop” dugc thong bao.

e Thi sinh phai dimng lam bai ngay lap tirc khi c6 1énh “Stop”. Néu tiép tuc 1am sau 1/2 phut hodc lau
hon thi phan thi li thuyét s& khong dugc chim diém.

¢ Sau khi c6 1énh “Stop”, thi sinh cho cudn “Dé thi va tra 1i bai thi 1i thuyét” nay vao trong phong
bi va doi tai chd. Giam thi s& dén dé niém phong bai thi trudc mat thi sinh va thu bai.

CHUC MAY MAN!
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Muc luc

Bai thi li thuyét gom 9 bai doc 1ap, nhu dudi day. Ti trong mdi bai dugc cho trong ngoic kép.

Bai T1: Giéng thé mot chiéu va butadiene (6%) p.8

Bai T2: San xuat Hydrogen bang su phéan tach nudc (7%) p- 13
Bai T3: Bac clorua (5%) p. 19
Bai T4: Tir thuc sung dén phat minh ra iodine (7%) p. 24
Bai T5: Cac phtc cho sy hinh thanh may nano (nanomachines) (8%) p. 31
Bai T6: Khao st dic tinh cua polymer dong tring hop khéi (8%) p. 40
Bai T7: Chuyén dong vong trong phan tir [2]catenane (6%) p. 48
Bai T8: Tong hop va xac dinh inositol (6%) p. 53
Bai T9: Tong hop levobupivacaine (7%) p. 58
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Cac hang sé va phwong trinh vat ly

Thi sinh: VNM-3

Trong bai thi nay, hoat d6 ctia cac tiéu phan trong dung dich nudc dugc coi la xap xi bang néng do

tuong ung tinh theo mol L™'. Bé don gian hoa hon nita cdc cong thirc va biéu thirc, nong do chuin

¢®=1mol L™" dugc chap nhan.

Hing s6 Avogadro:

Hang s khi li tuong:

Ap suét chudn:

Ap suét khi quyén:

Khong d6 theo thang Celsius:
Hang sb Faraday:

Watt:

Kilowatt gio:

Hang s6 Planck:

Tdc d6 anh sang trong chan khong:
Dién tich nguyén to:
Electron-volt

Cong suat dong dién:

Hiéu suit ning luong:

Quan h¢ Planck-Einstein:
Phuong trinh khi i tudng:
Nang luong tu do Gibbs:

Chi s6 phan tmg O cho mét phan tmg

a A(aq) + b B(aq) = ¢ C(aq) + d D(aq):

Phuong trinh Henderson—Hasselbalch:

Phuong trinh Nernst—Peterson:

trong d6 O 1a chi s6 phan tmg ctia

ban phan tng khur
Dinh luat Beer—Lambert:

Pinh luat tc do dang tich phan:
- Bac khong:

- Bac mot:

- Bac hai:

Thoi gian nira phan mg bac mat:
Khdi lwong mol trung binh s6 M,:
Khéi lwong mol trung binh khéi M,

Chi s6 da phan tan I,
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Na = 6.022-10* mol !
R=8314Jmol 'K
p°=1bar=10’Pa

P.m=1atm=1.013 bar=1.013-10° Pa

273.15K
F=9.6485-10" C mol™’
1W=17Js"'
1 kWh=3.6:10°J
h=6.6261-10""Ts
¢=2.99810ms"’
e=1.6022:10"C
1eV=1.6022:10"7
P=AExI
n= P obtained/ P applied
E=hc/h=hv
pV=nRT
G=H-TS
AG° = —RT InK®
ArGo =—n F'Ecello
AG = A,G° + RT InQ

o _ lCIID’
[AFBF
=pK, +
pH = pK, + log [AH]
E=E°— f—;an
6 T=298K, R;Tlnlo ~0.059 V
A=c¢lc
[A]=[A]o — kt

In[A] = In[A]y — k¢
1/[A]=1/[A]o + kt

In2
k
M, = i N M;
XN ,
. Xi N M;
YoXiN M
[ =Y
p Mn



Thi sinh: VNM-3

Bang hé théng tuan hoan

1 18
1 2
H 2 13 14 15 16 17 | He
1.008 4.003
3 4 5 6 7 8 9 10
Li | Be B| C|N|O]| F |Ne
6.94 9.01 10.81 12.01 14.01 16.00 | 19.00 | 20.18
11 12 13 14 15 16 17 18
Na|Mg| 3 4 5 6 7 8 9 10 11 12 A |Si|P|S|ClI|Ar
22.99 | 24.31 26.98 | 28.09 | 30.97 | 32.06 | 35.45 | 39.95
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

39.10 | 40.08 |44.96 | 47.87 | 50.94 | 52.00 | 54.94 | 55.85 | 58.93 | 58.69 | 63.55 | 65.38 | 69.72 | 72.63 | 74.92 | 78.97 | 79.90 | 83.80

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb|Sr|Y |Zr|Nb|Mo|Tc|Ru|Rh|Pd|Ag|Cd|In |Sn|Sb|Te| | | Xe
85.47 | 87.62 |88.91| 91.22 | 92.91 | 95.95 - 101.1 | 102.9 | 106.4 | 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 1276 | 126.9 | 131.3

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Bajsm71| Hf [Ta| W [Re |Os | Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
1329 | 137.3 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 - - -

87 88 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118

Fr |Ra i | Rf [Db|Sg|Bh|Hs|Mt|Ds|Rg|Cn|Nh| Fl |Mc|Lv|Ts|Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La|Ce| Pr |Nd|Pm|Sm|Eu|Gd|Tb |Dy |Ho | Er {Tm|Yb | Lu
138.9 | 140.1 | 140.9 | 144.2 - 150.4 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac| Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf | Es |Fm|Md|No | Lr

232.0 | 231.0 | 238.0

R
2019 £kpg?3 L
IveT® G E
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'H NMR

Thi sinh: VNM-3

Do chuyén dich hoa hoc ctia Hydro (theo ppm / TMS)

phenols:
alcohols:

alkenes:

amines:

CH3—CR3Z

amide NH—COR: R—CH2—0R|’
- carboxyhc acids CH|3—SiR3: -
aldehydes :ketones
aromatlcs benzylic CHH—C6H|5:
11.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0
Hang sé ghép ddi H-H (theo Hz)
Loai Hydrogen |Jan| (HZ)
R,CH,H, 4-20
2-12

R,H,C—CR;H,

néu quay tu do: 6-8
ax-ax (cyclohexane): 8-12

R,H,C—CR,—CRHj

ax-eq hodc eq-eq (cyclohexane): 2-5
néu quay tu do: <0.1
khéc (ctiing): 1-8

cis: 7-12
RH,C=CRH
C=CRH, trans: 12-18
R2C=CHaHb 05-3
H,(CO)—CR;H, 1-3
RI‘IaC=CR—CR2Hb 0.5-2.5
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Bang phé IR

Thi sinh: VNM-3

Loai dao dong o (cm™) Cuong do
alcohol O—H (stretching) 3600-3200 manh
carboxylic acid O—H (stretching) 3600-2500 manh
N—H (stretching) 3500-3350 manh
=C—H (stretching) 3300 manh
=C—H (stretching) 3100-3000 y@u
C—H (stretching) 2950-2840 yéu
—(CO)—H (stretching) 2900-2800 yeu
C=N (stretching) 2250 rrrlanhq
C=C (stretching) 2260-2100 bien doi
aldehyde C=0 (stretching) 1740-1720 ~manh
anhydride C=O0 (stretching) 1840-1800; 1780-1740 yeu; manh
ester C=0 (stretching) 1750-1720 manh
ketone C=0 (stretching) 1745-1715 manh
amide C=0 (stretching) 1700-1500 manh
alkene C=C (stretching) 1680-1600 yéu
aromatic C=C (stretching) 1600-1400 yéu
CH, (bending) 1480-1440 trung binh
CHj3 (bending) 1465-1440; 1390-1365 trung binh
C—0—C (stretching) 1250-1050 manh
C—OH (stretc'hlng) 1200-1020 manh
NO; (stretching) 1600-1500; 1400-1300 manh
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Bai Cau héi 1(2|3|4|5/6|7| 8|9 |10| 11| Tong
al
T1 Thangdiém | 3 |4 [ 4|2 |3 |2 |2 |45|25| 3 | 3 | 33
6% ”

DPiém

Bai T1: Giéng thé mét chiéu va butadien

Phan tir buta-1,3-diene thuong dugc viét CH,=CH-CH = CHa, v&i céc lién két don va ddi xen k&, tuy
nhién, cac tinh chét hoa hoc cia néd khong phu hop véi mo ta nay va cac electron it duge mo ta tdt hon
bang cach phan bd doc theo ba lién két:

C===C=—==C==C

1 2 3 4

Hé phén tir nay c6 thé dugc moé hinh héa nhu mot hop thé mot chiéu (1D) véi cac electron tu do.
2,2

Ning lugng clia mét electron trong giéng thé véi chiéu dai L 1a : E, = trong d6 n 1a mot sd

8m,L2
nguyén duong khac khong.

1. Hai m6 hinh khac nhau dugc nghién ctru, vé it nhat ba mic nang lugng thap nhat £, cho mé6i mo
hinh trong mdi so d6 tuong tmg, biéu dién sy khac nhau vé d6 lén ning lugng cac muc qua do cao
tirng mirc ning lugng trong mdi mo hinh va giita hai mo hinh véi nhau.

T T T T T T

0 d 2d 3d 0 d 2d 3d

M6 hinh 1 (« dinh xi¥ »): Céc electron © dugc dinh M6 hinh 2 (« khong dinh xi »): Cac electron ©
Xt & mdi lién két doi, ¢ 2 giéng thé riéng biét, mdi phan bd trén toan phan tir, ¢ trong 1 giéng thé
giéng c6 chiéu dai d. duy nhat voi chiéu dai 3d.

51st IChO — Bai thi li thuyét 8
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2. Pien céc electron vao gidan d6 mo hinh 1 phia trén va viét biéu thirc tong ning lugng cua hé
electron  trong mo6 hinh 1, nhu 1a mot ham cua 4, m, va d.

E(1) =

3. Dién céc electron m vao gian d6 mo hinh 2 phia trén va viét bi€u thire tong nang luong ctua hé
electron  trong m6 hinh 2, nhu 1a mot ham cua 4, m, va d.

E(2) =

Ning lugng lién hop 13 tong nang lugng cia hé n thyc té, trir tong ning lugng ciia cic phén tir
ethylene chira cling s6 electron.

4. Viét biéu thirc tinh nang lugng lién hop AE, ciia butadien, nhu 1a mot ham cia 4, m, va d.

AE. =

Mo hinh 1 va 2 12 qua don gian. Mot mo hinh chi tiét hon dugc dua ra dudi day.

5. V& ba céu tric cong hudng khac nhau cta butadien st dung cong thirc Lewis

CH,

Khi tinh dén kich thudc ciia cic nguyén tir carbon, mé hinh 2 dugc sira thanh mé hinh 3 nhu sau:

- Chiéu dai méi cua giéng 1a L véi 2 dau & vi tri 0 va L;
- Cac nguyén tr carbon dugc dat tai cac vi tri L/8; 3L/8; S5L/8 va 7L/8.
Véi mdi mirc 7, ham song m 1a:

ner= [Fan(2)

51st IChO — Bai thi li thuyét 9
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va mat do electron it cho hé N electron m la:
N/2
p() = 2 ) i)
i=1

Bdn ham song orbital phan tir 7, duoc mo ta dudi day (tht ty tiy ¥)

A B
> > \/
L 3L s 1L L 3 5L 1L
8 8 8 8 8 8 8 8
C D
= S ANVA
> > \/ \/
L 3L 5L 1L L 3 5L 1L
8 8 8 8 8 8 8 8
6. Sip xép nang luong ciia bdn ham song  (Ex, Eg, Ec va Ep).
< < <

7. Viét ki hiéu cac orbital (A, B, C, D) cua phan t butadien ma nhiing orbital nay bi chiém bai cac

electron.

8. V61 mo hinh 3, hay viét gia tri ctia ham song Y, vdi cac orbitals bi chiém & vitri 0, L/4 va L/2, cho

n=1van=2, két qua nhu mot ham ctia L.

21 0) =

51st IChO — Bai thi li thuyét 10
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Y, (0) =

9. V6i md hinh 3, hay viét gia tri cia mat d electron = tai cac vi tri 0, L/4 and L/2.

p(0) =

51st IChO — Bai thi li thuyét 11
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10. V& dudng biéu dién mat do electron 7 trong khoang tir 0 dén L.

L 3L 5L 1L
g8 8 8 8

11. Sip xép cac lién két CC (B1, B2, ..., B5) theo chiéu ting do dai lién két, str dung cac ki hiéu =
hodc <:

Bl: C1C2 trong phan tur butadiene
B2: C2C3 trong phan tur butadiene
B3: C3C4 trong phan tur butadiene
B4: CC trong phan tir ethane
B5: CC trong phan tir ethene

51st IChO — Bai thi li thuyét 12
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Bai Cau hoi 1 | 2|3 | 4|56 | 7|89 |10 Tong
T2 | Thangdiém | 1 | 4 | 2 | 3 | 3 | 6 | 4 | 1 |8 |2/ 34
7% Diém

Bai T2: San xuat hydrogen bang sw phan tach nwéc

Dir liéu:

Hop chat Hx(g) | HO0() | HO(g) | Ox(g)

AdH® (kI mol ) 0 2858 | 2418 | 0

Sp® (Jmol 'K | 130.6 69.9 188.7 | 205.2

Hydrogen phan tir (H,) c6 thé dugc st dung dé thay thé cho nhién liéu phat thai carbon dioxide. Do
vdy, viéc giam chi phi va tic dong t6i moi truong ciia qua trinh san xuat nay 1a mot thach thic 16n.
Viéc san xut hydrogen boi phan tich nuéc 1 mot cong nghé day trién vong.

1. Viét va can bang phuong trinh ciia phan tng tach nuée cho 1 mol nuée long.

2. Chi sur dung cac sb liéu nhiét dong dugc cung cép, hiy chirng minh biing s xem phéan ung phan
tach nudce co6 thuan lgi hay khong thudn lgi vé mat nhiét dong & 298 K.

Céc phép tinh toén:

Phén tmg c6 thuan lgi vé nhiét dong khong?

O Yes/Co O No/Khong

Viéc phan tach nudc c6 thé duge thyc hién bang cach sir dung phuwong phép dién phan véi hai dién
cuc trong bé chira dung dich axit, duoc két nbi voi mot ngudn dién (Hinh 1). Bong bong khi duoc hinh
thanh & c4 hai dién cuec.

51st IChO — Bai thi li thuyét 13
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(1) (2)

Hinh. 1 — Thiét bi dién phan tach hydrogen tir mirée

3. Viét va cin bing cic nira phan Gng dién hoa xay ra & mdi dién cuc.

Tai dién cuc (1):

Tai dién cuc (2):

4. Chi st dung dit liéu nhiét dong duoc cung cap (hodc tir cau hoi 2), rit ra diéu kién vé hiéu dién
thé AE,,picd dugce ap vao hai dién cuc, so sanh voi gid tri AEy, dé qué trinh dién phén 14 thuén loi
vé mat nhiét dong & 298 K, tat ca cic chat phan tng va san pham déu ¢ trang thai chuan. Panh
déu vao diéu kién dung va dwa ra két qua 13 s6 v6i 3 chir s6 sau déu thap phan.

Céc phép tinh toén:

O AEapplied = AE'th ]
O AEappiicd > AEw AEgw = .......... V  (két qua voi 3 con s0 sau dau thap phan)
O AEapplied < AE'th )
Néu thi sinh khong tinh duwoc AEw, sir dung gia tri 1.200 V
cho cdc phan tiép theo cua bai nay.

Trong thuc té, can c6 mot dién ap cao hon dé c6 thé quan sat thay su phan tach nuée. Doi voi cathode
Pt, dién ap tdi thiéu can thiét dé quan sat dugc sy phan tdch nuéc, AE i, phu thudc vao ban chat cua
anode, nhu duoc hién thi trong bang dudi day:

Anode AE i (V)
IrO, 1.6
NiO, 1.7
CoO, 1.7
Fe,03 1.9

51st IChO — Bai thi li thuyét 14
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Sy khéc nhau gitta AEy, va AEy, 12 nguyén nhén ton that dién cua thiét bi.

5. Viét biéu thirc tinh hiéu suat ning lugng cua thiét bi Melec (phan ning lugng dugc st dung dé tach
nufO’c) la mot ham cua AEy, va AE ;. Gia thiét rang cuong do dong dién / 1a nhu nhau. Tinh hi¢u
suat ning luong dién phan nudc khi sir dung cathode Pt va anode Fe,O;. Hay cho biét anode nio
1a hidu qua nhat.

Nelec =

Hiéu suit nang luong khi cac dién cuc Pt va Fe,O; dugc stir dung la:

— 0
Nelec = A)

Anode hiéu qua nhét 1a:

Néu thi sinh khong tinh duoc MNelee, st dung gid tri Neee = 75%
cho cdc phan tiép theo ciia bai nay.

Mot cach khac dé dién phan nuéc 1a qué trinh tich nudc bang quang xuc tac truc tiép. Qua trinh nay
sir dung mot chat ban dén, trong qué trinh tich nudc, chit nay duge hoat hoa bang cach hap thy anh
sang.

2.0 1
ZnS Sic
00 T
1.0 {4
KTaO3 SrTiO3 G MoSCdse :
——ZnO —= 1102 2 | =
0+-4--+4--}--1 ___e._-____WQB___F?293_ _>_ _g ‘H+/H2
— —_ > b
" T EHEEEEEREREEE
L 104 2 S| N o of ol R T > ~| <
C(/D) WO o P o) oo o N} N o~ o 02/H20
> —— ——
> 2.0 1
30 7 —— —— e —
X <— Tén cla chst ban déan
40 - =~ —— Thé cla cathode tuong duong
%*_ e : Nang lugng anh séng téi thiéu
x <
S — Thé cua anode tuong duong

Hinh. 2 — Piéu kién hoat héa va cdc thé dién cuc twong dwong cua cdc chdt ban dan khéc nhau. Cdc
dirong nét dirt twong ieng véi thé oxy héa va thé khir ciia nwée 6 pH = 0.
SHE = Pién cuc hydrogen chudn

51st IChO — Bai thi li thuyét 15
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I ——— 100
ce— M e T e
al LA 80
< 3 R 60
N i 2 } ©
ooE B ," (\ : §
2 2 A 40
\).(/ - 4' w —
o - i
1L 120
- ; I _
O o'lx | | | | | | | | | I | | |
500 1000 1500
A (nm)

Hinh 3. - Truc trdi: Phdn bo quang phé cia théng lwong photon ¢ ciia dnh sang mdt troi. Théng hrong

photon la s0 photon trén mot don vi dién tich trén mot don vi thoi gian dén bé mat chat ban dan. Truc

phdi va dwong nét dirt: thong lwong photon tich lity (la phan théng liwong photon c6 bwéc séng nho

hon).

6. Uéec tinh thong lugng photon tich lily c¢6 thé hoat hoa cac chit ban dan sau: TiO,, CdS, Si. Néu

ré cach tinh toan bang biéu thirc va don vi dugc st dung dé tinh toan.

Giai thich / tinh toan:

51st IChO — Bai thi li thuyét 16
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Gia tri udc tinh

TiO, %
CdS %
Si %

Viéc hoat héa chat ban dan s& lam thay doi dién thé bé mit, do d6 mot chéat ban dan dudi tac dung cia
anh sang co thé duoc coi 1a hai dién cuc c6 thé khac nhau.

7. St dung dir liéu & Hinh 2, hiy chon (cac) chit ban dan ma khi dugc hoat hoa, c6 thé dong ca hai
vai trd cua cé anode va cathode cho phan tng tach nudéc.

DZI‘OQ D Zn0O D TIOZ D WO3
CCdS [ Fe,O3 1 CdSe O Si

8. Hay chi ra chit ban dan, dugc sit dung nhu cé anode va cathod, dugc mong doi s€ 1a hiéu qua
nhat cho qua trinh phan tach nudc khi dugce chiéu anh sang mat troi.

Mot nghién ctru gan day cho thay, H, va O, thoat ra khi mot chat ban dan dugc chiéu bang anh séng
mat troi nhan tao & 7= 25 °C tai p atm. St dung anh sang cé cong sudt P = 1,0 kW m? va dién cuc
quang v&i bé mat S = 16 mm?, tao ra V' = 0,37 cm’ Hy(g) sau khoang thoi gian A¢ =1 gid phéan tng.

9. Tinh hiéu suét nang lugng Ngirect CUA qua trinh chuyén hoa.

Céc phép tinh toén:

51st IChO — Bai thi li thuyét 17




Thi sinh: VNM-3

Ndirect = %

Néu thi sinh khong tinh duoc Nireer, SW dung gid tri Ngireet = 10%
cho cdc phan tiép theo cua bai nay.

Do véy c6 thé so sanh hai cach thirc chuyén hoéa ning lugng mit troi thanh hydrogen: quang xuc tac
tryc tiép va quang-dién phan gian tiép bang cach két hop tim pin quang dién v6i binh dién phan. Hiéu
sudt tim pin quang dién hién nay trén thi truong khoang Mpanet = 20%.

10. So sanh hiéu suét nang lugng cua hai cach thirc ndy, Mgireet V& Mindireet Khi st dung dién cuc Fe,O;
va Pt cho qué trinh dién phan nuéec.

Céc phép tinh toén:

| Ndirect > Mindirect O Ndirect ~ Mindirect O T]direct < nindirect

51st IChO — Bai thi li thuyét 18
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Bai Cau héi 1 2 3 4 5 6 7 8 9 10 11 12 | Téng

T3 Thang diém 1 3 3 3 4 2 7 2 2 3 4 6 40

5%

Pbiém

Bai T3: Bac clorua

S6 liéu & 298 K:

PK1(AgCl) =9.7; pKo(AgrCrOy4) = 12

Hing s bén cua phirc [Ag(NH;),]": B = 1077

Thé dién cyc tiéu chuan (tinh theo thé dién cuc hidro tiéu chuén):

Thé dién cyc tiéu chudn cua Ag'/Ag(s): E°(Ag'/Ag(s)) = 0.80 V

Thé diéu kién cta O,(aq)/HO (aq) (trong nudc bién): E'(O,(aq)/HO (aq)) = 0.75 V

Phin A: Cac trich din tir bai giang ciia Louis Joseph Gay-Lussac

Céc trich din vé mot s6 tinh chét cua silver chloride AgCl sau duoc 1ay tir bai giang ctia nha hoa hoc
va vat li ngudi Phép, Louis Joseph Gay-Lussac (1778-1850).

Trich din A: “Bay gio, toi s€ noi vé bac clorua, mot chit rin mau tréng stta. N6 duoc tao ra dé dang
bang cach rét axit clohidric vao dung dich nudc ctia bac nitrat.”

Tich din B: “Mudi nay khong co vi vi n6 khong tan trong nudc.”

Trich din C: “Hop chit nay hoan toan khong tan trong rugu va tham chi trong cic axit trir dung dich
HCI dac.”

Trich din D: “Mit khac, bac clorua tan nhiéu trong dung dich amoniac.”

Trich din E: “Sau do, chung ta co thé 1am xuat hién lai bac clorua bé‘mg cach cho thém axit dé phan
ung véi amoniac.”

Trich din F: “Néu ban ding mot cai bat bang bac dé dung nudc bién va cho nudc bay hoi, thi s& thu
duoc mudi NaCl bi 13n chét rén mau tr:flng stra.”

1. Trich din A: Viét va can bang phuong trinh hoa hoc tao ra AgCI(s).

2. Trich din B: Tinh d6 tan s cia AgCI(s) trong nude ¢ 298 K theo mol L.

Tinh toan:

s = mol L™
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Thi sinh: VNM-3

3. Trich din C: Trong dung dich co néng d6 ion clorua cao, phuc bac clorua véi ti 1€ 1:2 dugce hinh
thanh. Trén truc dinh lugng sau (v6i gia tri pCl tang dan tur trai qua phai), qui két mdi vung (dugc
ngin cach voi nhau bai vach |) voi timg dang ton tai chinh cta bac (tinh ca cac dang ton tai trong
dung dich va dang ran).

" = EEEEE®R "= EEEEEER " = = EEEEER
-
-

pCl = —log[CI—]

Trich din D: Khi thém amoniac vao bac clorua, hinh thanh phtrc ¢6 sé phdi tri 7.

4. Viét va can bang phuong trinh tao ra phirc [Ag(NH;),]" tir AgCl va tinh hang s6 can bang cua
phan tng.

Phuong trinh:

Tinh toan:

K=

Néu thi sinh khéng tinh dwoc K, sir dung gid tri sau cho cdc tinh todn tiép theo K = 107

5. Thém dan amoniac vao nudc chira 0.1 mol AgCl trong 1 L nuéc cho dén khi tan hét AgCl. Khi
d6, ndng do can bang cua amoniac [NH3] = 1.78 mol L™'. Xe dinh s6 phdi tir ciia phirc (gia thiét
b6 qua sy pha lodng thé tich).

Tinh toan:
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6. Viét va can bing phuong trinh phan tig xay ra trong trich din E.

7. Gia thiét nudc bién co6 tinh bazo yéu va giau khi oxi, khi 4y kim loai bac c6 thé khir dugc khi oxi,
viét va cin bang phuong trinh Gmg véi sy hinh thanh cta chat ran duoc dé cap dén trong trich

din F. Hé sé ti luong cua oxi phan tir trong phuong trinh nay 1a 1. Tinh héng sb can béng cua
phan tmg ¢ 298 K.

Phuong trinh:

Tinh toan:

Phin B: Phuong phap Mohr

Phuong phap Mohr duoc dung trong chuin d6 do quang dé xac dinh CI” bang Ag” khi c6 mit
potassium chromate (K,CrO4). Thém 3 giot (~ 0.5 mL) dung dich K,CrO4 ndng d6 7.76:10° mol L™
vao Vo =20.00 mL dung dich NaCl c6 néng d¢ chua biét 1a Cc. Dung dich nay dugce chuan do bang
dung dich AgNO; nong d9 Ca, = 0.050 mol L', chat ran A hinh thanh ngay khi bat ddu chuan d6. Khi
thé tich dung dich AgNO; cho vao 1a ¥, = 4.30 mL thi xuat hién két tia mau do (chét ran B).

8. Viét va can bing phuong trinh cta hai phan (mg xay ra trong thi nghiém trén. Tinh cac hang s

can bang cua hai phan tng.
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K° 1=
Koz =
9. Xaic dinh cic chat ran.
Chat rén A:
Chét rén B:
10. Tinh ndng d6 ctia ion clorua C¢; trong dung dich NaCl
Tinh toan:
Ca = mol L™

Néu khéng tinh dwoc Ce, sir dung gid tri Cor = 0.010 mol L™
cho cdc tinh todn tiép theo.

11. Tinh thé tich thdi thiéu Vay(min) dé bat dau xuat hién két tia AgCI(s).

Tinh toan:

Vag(min) = mL
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12. Tinh ndng d6 ion clorua con lai [Cl J.s khi bat dau xuat hién két tia Ag,CrO,. Hiy so sanh hai
gia tri ndng d6 trong bai dé khing dinh ring dung chi thi CrO,> dé xac dinh diém ding chuén do
1a thich hop.

Tinh toan:

[Cl Jres = mol L™

Khi dung chi thi CrO4> thi diém dimng chuan d¢ 1a tbt vi:
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Bai Cu hoi 1 2 | 3 4 5 6 7 8 | Tong
T4 Thang diém 6 9 8 5 6 2 2 12 50
7% Piém

Bai T4: Ttr thudc sung dén phat minh ra iot

Vao thé ki 19, mo6t chu thau ngudi Phap B. Courtois chuyén vé san xuit mudi nitrate A (MA(NO3),),
dé lam thude sung. Thoi ki dau n6 duoc nhap khéu tir chau A, vé sau A dugc san xuat tir mudi nitrate
B (Mg(NO3),) bang phan tng trao di v6i hop chat C dugc lay tir tao.

1. Tim cong thirc hod hoc ctia mudi nitrate A va B biét rang chung 1a cac mudi khan cta kim loai
kiém hodc kiém thé (M, va Mg). Mot trong hai mudi chira khong quéa 1% vé khdi lugng (1 w%)
céc tap chat, mudi con lai chira tap chat khoang 9 + 3 w% (khong c6 kim loai trong tap chat). Phan
tram khoi lugng ctia kim loai M, va Mg trong mau tuong tng 1a 38.4 w% va 22.4 w%. Str dung
cdc tinh toan dé trd 10i cau hoi.

A: va B:
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Dé diéu ché A, 262.2 g chét ran C dugc thém vao dung dich chira 442.8 g chat B. B duoc cho luong
du. Sau khi phan tng, thu dugc 190.0 g két tha mau tréng D. Loc va loai bo két taa, thu 1éy dich loc va
dé bay hoi thu dugc hdn hop rin E. Nung néng hdn hop nay dén khdi lugng khong doi (chi con chira
cac mudi nitrite, NO, ). San pham khi duy nhat tao ra 1a oxygen: 60.48 L & 0 °C va 1 atm (coi khi 1a
khi 1i tuéng).

2. Tinh thanh phan phan tram vé khdi lugng (theo w%) céc chat trong hdn hop E, gia thiét rang hon
hop E chi chtra chit A va B va khong c6 céc tap chét khac, va C & dang khan tinh khiét.

w% cua A: vacua B:

51st IChO — Bai thi li thuyét 25
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3. Xaic dinh cong thirc hoa hoc cua hop chat C va D, viét va cin bang phuong trinh phan tng giita
BvaC.

C: va D:

Phén tng gitra B va C:
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Nim 1811, trong khi dang lam viéc véi tro tao bién, Courtois quan sat thay 1a cic binh dung bang
dong bi mon nhanh hon binh thuong. Trong khi ong dang nghién ciru hién tuong nay thi con méo cua
ong chay vao phong thi nghiém va lam d6 dung dich sulfuric acid dic 1én ddng tro tao kho: ngay lap
turc, hoi mau tim bay ra khoi binh (1, sulfuric acid 1a tdc nhan oxi hod): iodine (I;) vira dugc phat
minh! I, giy ra su 4n mon dong (2). Tuy nhién, vi tic dung cua no trong y hoc, nén Courtois di mo
xuéng san xuat I, bang phan g cia tio bién voi chlorine Cl, (3).

Ngay nay, I, dugc diéu ché tir hdn hop cac chat (NO;~, I, H") (4) hodc (1057, 1", H') (5).

4. Viét va can bang cac phuong trinh phan tng tir 1-5.

1

I, tan rat it trong nudc nhung lai tan ddng ké khi c6 mit ion I'. Chung két hop véi nhau thanh ion
tritodide, I5:

‘ I'(aq) + h(aq) = I (aq) (6)
Céan bang (6) dugc nghién cuu bang céach chiét I, voi dung moéi dichloromethane, CH,Cl,. Khi 6, I” va
I;” khong tan trong dung moi hiru co nhung I, thi tan, sau khi chiét, nong do cua I, trong
dichloromethane cao gap 15 1an ndng d6 clia né trong nudc.
Thyc hién thi nghiém nhu sau: Lay vai tinh thé I, rdn hoa tan vao 50.0 mL nudc c6 san 0.1112 g KI
thu dugc dung dich ban dau. Sau d6, thém 50.0 mL CH,Cl,, lic ki hdn hop cho dén khi dat can bang.
Sau khi tich pha, mdi pha dwgc chuan d6 bang dung dich chuan sodium thiosulphate pentahydrate
Na,S,05.5H,0 (14.9080 g trong 1.000 L dung dich) véi chi thi ho tinh bot, chuin d6 pha hitu co hét
16.20 mL va chuan d6 pha nuéc hét 8.00 mL dung dich chuan. Cac budc duoc biéu dién trong so do
dudi day:

82032' . T-hém )

2 ho tinh bét 6 Dlém dfrng
Gén diém \ihuén do

] ding chuan d6 8
. +CH,Cl, Tach pha ‘ Pha nuéc
Dung dich 1
ban dau

‘ Pha hitu co Thém 9
$,05% hé tinh bot

3 ) ) 5 —— 7 Diém dirng
Gan diém chuén d6

dirng chuén d6
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L 1 [ L 1 [ LS 7 1 [ = 7
N Blue Dark Brown Yellowish Yello- CLess
rown i Pink ) Blue LDk purplj Dk Purple CLess LPink J wish LCLGSS J

a b c d e f g h i

CLess = coulourless Dk = dark

a: Brown, nau f: CLess, khong mau

b: Blue/Pink, xanh/hong g: Yellowish/Pink, vang nhat/hong

c: Dark Blue, xanh ddm h: Yellowish, vang nhat

d: Brown/Dk purple, Nau/tim ddm i: CLess/CLess: khong mau/khong mau

e: Dk Purple, tim dam

5. Tim cac cip twong ting giita cac budc trong so dd (1-9) véi cac hinh mé ta chung (a-i).

Budce Hinh

[

S| RIS N AW

6. Viét va can bing cic phuong trinh cho 2 phan tng hoa hoc xay ra & pha nudc trong qué trinh
chuin do gitra cac dang cua iodine I, véi sodium thiosulfate Na,S,0;.

7. Tinh khéi lugng I, da dung dé pha dung dich ban dau.
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m(ly) = g

8. Tinh hang sb can bang K° ctia can bang (6).
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Thi sinh: VNM-3

Bai Cau héi 1 2 3 4 5 6 7 8 9 | 10 | 11 | 12 | Téng
T5 Thang diém 3 4 4 2 5 5 4 3 5 2 2 2 41
8% biém

Bai TS: Cac phirc Azobenzene- B -cyclodextrin cho sy hinh thanh
may nano (nanomachines)
Nanomachines 13 cic t6 hgp phan tir cho phép chuyén ddi mot ngudn nang lugng thanh chuyén dong

nano dé ung dung cho qua trinh van chuyén thudc. Rt nhiéu nanomachines sir dung phan tng dong
phan hoa cac hgp chat azo (R-N=N-R’) khi dugc chiéu xa.

L. V& cac dong phan 1ap thé ciia azobenzene (CoHs-N=N- C¢Hs) va vé mot dudng thang giira hai
nguyén tu carbon cach xa nhau nhit. So sanh hai khoang cach nay (dians va d.is)

trans cis
So sanh: irans deis
NH,
NH,
COOH
/ \\NAQ N ™~ N (o)
HoOC COOH
M
A .
P Q

Hinh. 1 — Cdc chat phan ig c6 thé ding dé tong hop chat M.

2. M co thé dugc tong hop theo hai bude tir cac chat phan tmg don gian (Hinh 1). Trong s6 cac chat
phan tng duogc dé xuat (N dén Q), hay chon nhiing chét c6 thé thu duoc M véi su chon loc vi tri
cao. Sodium nitrite (NaNO,) trong dung dich axit clohydric lanh dugc st dung nhu mot tdc nhan
cho budc dau tién ctia qua trinh tong hop.
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Céc chét phan tmg; va

Xac dinh hing s6 lién két K,

B-cyclodextrin (C, Hinh 2) 1a mot vong 7 don vi duong glucose, c6 thé tao thanh cac phirc v6i cac
hop chat azo. Trong cac cu tir 3 dén 6, bang phuong phap do quang chung ta s& xac dinh hang sd lién
két K, cua su hinh thanh phttc CMy,ss nhu mo ta trong Hinh 2.

\ K
+ N N —_—
@@ — at o
N
HOOC
HOOC

C Mtrans CMtranS
Hinh. 2 — Sy hinh thanh phirc CMyans

Mot sb dung dich dugc chuén bi bﬁng céach tron C va Mypans theo céc ty 1€ khac nhau dé dat duoc néng
d6 ban dau [Clo va [Miranslo. Trong d6 [Miranslo gidng nhau & tit ca cac dung dich, con [C]o 1a khac
nhau. Céc phép do quang dugc thyc hién & cing mot budc song, theo ddi A4 1a hiéu ciia d6 hap thu
quang cua ting dung dich véi dung dich chi chira M. Ki hiéu cac hé s6 hap thu mol ctia CMyans V2
Mrans trong ng 13 cvgans VA Evrans. L 13 chiéu dai duong di cua tia t6i qua miu. Do hip thu quang
cua C (ec) khong dang ké.

3. Ching minh ring AA= o [CMeans] va biéu thi o theo (cic) hang s6 da biét.

Chting minh:
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4. Chirng minh ring, khi lugng C 16n hon rit nhiéu so v6i lugng Mans (nghia 1 [CJo >> [Mians]o),
thi ndng d6 C c6 thé duge xem nhu hang s6, [C] = [C]o

Chting minh:

5. Chirng minh rﬁng, khi luwong C 16n hon rat nhiéu so voi luong Mypans (nghia 1a [Clo >> [Meranso)
thiAA=a- % va biéu dién f theo (cac) hang s6 va (cac) ndng do dau.
t 0

Chting minh:
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6. Xac dinh K; dung dudng thuc nghiém sau (Hinh 3).

20

18 4 2 (4000
Z (T000

—
~

»

16

14

12

N
ot

2§ Y (100, 4.2)
odl—, i i i i .
0 200 400 600 800 1000
’I/[C]O (L/mol)
Hinh 3 — Su phu thuéc cua 1/AA la ham cua 1/[C],.
Céc phép tinh toan:
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Xic dinh hing s6 lién két K,

Trong céc cau tir 7 dén 9, bang cac nghién ctru dong hoc, chiing ta s& xac dinh hing s lién két Kc,
tuong tng véi sy hinh thanh phirc bao véi M, CM.is. MOt mau chi chira Miyans duoc chiéu xa, tao ra
mot luong xac dinh Mis, [Meislo- Meis (tu do hodc trong phuc) sau dé déng phan hoéa boi nhiét thanh
M rans. Khi khong c6 C, qua trinh dong phan héa theo dong hoc bac 1 véi hang sb tc do k. Tt ca cac
can bang phirc déu nhanh hon céc qué trinh dong phan héa. So dd dong hoc tuong Ung cua thi nghiém
nay dugc cho ¢ Hinh 4.

KC

_— N

)
N—< >— N\
+ / ' N
\\N
COOH
COOH
Mcis

C CNIcis

Kc
C+ Mcis - = CMcis

Ky
C+ Mtrans - = CMtrans

Hinh 4 - So do dong hoc cho qud trinh dong phan héa M véi sw c6 mdt cia C.

Tée do mat di r cua téng M, (tu do va trong phirc) dugc dinh nghia:
r= kl [Mcis] + kZ[CMcis]

Theo thuc nghiém, 7 tuan theo dinh luat dong hoc bac nhat:
r= kobs([Mcis] + [CMcis])

__ Y+6k;[C]

7. Chirng minh rang ks = exiq VA hdy biéu dién y va J theo (cac) hang s6 da biét.

Chtng minh:
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y = va 0=

8. Chon (nhitng) diéu kién dudi day dé thoi gian nira phan tng 11, twong tng voi ke ¢ thé duoc

biéu thi bang t;/, = 1;‘—2 (14 K.[C]o), cho rang [C]o >> [Mus]o. Chitrng minh cho cau tra 1oi

béng toan hoc.

O Qué trinh ddng phan hoa rat cham ciia M trong cyclodextrin
O Quaé trinh dong phan hoa rat cham cia Mg tu do

D CMtranS I'ﬁt bén

Ching minh:

9. Gia sir (cac) diéu kién trong ciu 8 déu thoa mén, xac dinh K, bang hdi quy tuyén tinh sir dung dix

liéu dudi ddy. Thi sinh c6 thé sir dung may tinh hodc v& do thi.

[Clo (mol L) t (8) [Clo (mol L) t (8)
0 3.0 3.0-10° 5.9
1.0-10°* 3.2 5.0:10° 7.7
5.0-10° 3.6 7.5:10° 9.9
1.0-107° 4.1 1.0-107° 12.6
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Phuong trinh hdi quy tuyén tinh:
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Su hinh thanh nanomachines
;- / ;M

j:—# 1) hv
"0 4 bt
*7\_, azobenzene (trans)
'} azobenzene (cis) @
Hinh. 5 - Sy phén tach phirc azobenzene—cyclodextrin gdy ra béi qud trinh dong phdn hoat héa bang
dnh sang, cho phép phdn phéi thuéc nhuém (hinh cau mau xdam).

Mot hop chit azobenzene khic (ma co K, << K,), ban dau & dang trans, duoc ghép 1én bé mit silica
boi lién két cong hoa tri (Hinh 5). Céc héc silica duge lép df?ly béng thudc nhuom (thodamine B, cac
vong tron mau xam trong Hinh 5). Khi thém C, mgt phirc bao dugc hinh thanh, né che cac hdc silica
va ngan chan sy giai phong thuée nhudm.

10. Chen diéu kién thich hgp nhat (chi mot lya chon) dé héc silica ban du bi chan khi ¢6 mit C,
nhung lai gidi phong thuéc nhudm khi dugc chicu xa.

K. >>1
K>>1vakK, <<l
K/ K.<<1

K> 1vakK,>>1
K.<<1

OoOooono

Bt azobenzene-silica da chira chit nhuém duge dat & 1 goc cia cuvet (Hinh 6) dé bot nay khong thé
di chuyén trong dung dich. Bot nay sau d6 dugc chiéu xa & bude song A, dé kich hoat sy giai phong
thubc nhudm tir hc silica (Hinh 5). Dé theo dbi sy giai phong nay bang cach do do hip thu quang,
chung t6i do d6 hap thy ciia dung dich & budc song A,.

270 nm 330 nm 550 nm

14 | J
|

i e

04

02 4

th / .,

— | 00 T T Tasy . T '

250 300 350 400 450 500 550 600 650
A (nm)

Hinh 6 - Trdi: mé hinh thi nghiém dwoc sir dung dé theo déi sw giai phong thuée nhudm; phai: pho
hdp thu ciia trans-azobenzene (dwong lién nét), cis-azobenzene (dwong chdam cham) va rhodamine B
(dwong nét dut).
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11. Xac dinh 4,.

A= nm

12. Xac dinh /,.

A= nm
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Bai Cau hoi 1 2 3 4 5 6 7 8 9 | Téng
T6 Thang diém 4 4 5 3110 | 2 9 6 5 48
8% Piém

Bai T6: Khao sat dac tinh ctia polymer dong trung hop khoi
(block-copolymer)
Block-copolyme, thu dugc bang cach lién két nhitng (khéi) polyme khac nhau, c6 nhiing tinh chéat doc

dao, chang han nhu kha ning tu gan két. Trong bai thi nay, ching ta nghién ciru sy tong hop va dic
tinh ctia mot hop chat cao phan tir nhu vay.

Nghién ctru khéi polymer thir nhat

H,N /\»{O\/jocm

n
1
Trong phan ndy, ching ta s& nghién ciu polymer tan trong nuéc 1 (a-methoxy-o-

aminopolyethyleneglycol).
Ph6 'H NMR cua 1 (DMSO-ds, 60 °C, 500 MHz) gdm céc tin hiéu sau:

Ky hiéu 0 (ppm) Dién tich pic
a 2.7% 0.6
b 33 0.9
c 34 0.6
d ~3.5 133.7

Bang 1, * cho biét trong sw ¢6 mdt ciia D,0, tin hiéu 2.7 ppm bién mat.

1. Gan cac tin hiéu '"H NMR (a, b, ¢, d) tir bang 1 véi cac proton tuong tng.

o o 0O ob

H H H H )H<H ]
R R
H/ H H H H D

O 0000

2. Biéu din muc do trung hop trung binh » qua mot ham s voi cac bién sb 1a dién tich Aocong cla
pic tin hi¢u proton (NMR) cua don vi ldp lai, va dién tich Apcus cua pic tin hi€u proton (NMR)
ctia nhom methyl cubi mach. Tinh 7.

51st IChO — Bai thi li thuyét 40
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Néu thi sinh khéng tinh dwoc n, sir dung gid tri n=100
cho cdc phan con lai cia bai thi.

Nghién ctru khéi polymer dong triung hop hai khéi (diblock-copolymer)

Khdi polymer thir hai dugc téng hgp bang phan tng giita 1 va 2 (s-(benzyloxycarbonyl)-lysine N-
carboxyanhydride). Phan ung nay tao thanh block-copolymer 3.

e
H NH\”/O g
oﬂ\o 5
o

2: C45HgN,05, 306.3 g mol™”’

(0]
(O

3. V& ciu tao cla chét trung gian tao thanh trong budc dau tién cua qué trinh cong hop 1 vao 2.
Budec tiép theo ctia co ché phan tng tach ra phan tir khi G, va 3. V@ cau tric ciua G.

y NH o\/©
H2N/\’<o\/>\OCH3 + O—ﬂ/NI\/\/ N . ?
1 n o~ o 2 7

NHCbz
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4. Nguoi ta tién hanh do phd hong ngoai (IR) dé khao sat cau tao ctia cic hgp chat trén. Gan ba phd

hong ngoai dudi day cho cac hop chat 1, 2, va 3.

100

80

60

%T

40

20

Hop chat:

01 02 O3

4000 3500 3000 2500 2000 1500 1000
o (ecm™)
100

80

60

%T

40

20

Hop chat:

01 02 O3

4000 3500 3000 2500 2000 1500 1000
o(em™)
100

N
sow

60

%T

40

20

Hop chat:

01 02 O3

4000 3500 3000 2500 2000 1500 1000
o(em™)

5. Phdé '"H NMR ciia copolyme 3 (trong DMSO-ds, & 60 ° C, 500 MHz) dugc cho trong Hinh 1. Str
dung mot ) hoac tat ca cac tin hi¢u NMR ciing nhu céc dién tich pic trong Bang 2, tinh toan chi
tiét khdi luong mol trung binh sb M, ctia 3, 13y gi tri n tir cdu hoi 2. D6i véi cac tinh toan cua thi
sinh, khoanh mét vong tron xung quanh (nhitng) nhom nguyén tir thi sinh mudn sir dung dé tinh

va gan cac ky hiéu tuong ung cua chung (a, B...).

&
| B 5 *

4
6 (ppm)
Hinh I —nhitng tin hiéu dwoc danh ddau * la ciia dung méi va nide.
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Thi sinh: VNM-3

H™ NN v\>oc:H3
H n
m
HN\H/O\/©

@)

M, = kg mol ™!

Thi sinh ghi két qua dén hai s6 thap phan.
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Phan tng ctia 1 va 2 & 40 °C tao thanh cic copolymer 3a sau 20 h, 3b sau 25 h va 3¢ sau 30 h. Két qua
sdc ky ray phan tir (Size-exclusion chromatography SEC) dugc cho trong Hinh 2.

....................................... O DN

s /. i B B e
V., (mL)

Hinh 2- Sic d6 SEC ciia 3a, 3b va 3¢ biéu dién trén trén thé tich rira gidi, V..

6. Gan céc tin hiéu trong Hinh 2 véi cac copolymer 3a, 3b va 3c.

3a: ox Oy 0z
3b: ox Oy 0z
3c: ox Oy 0z

Dé dyng dudng chuan, mot hdn hop cic polyme chudn co khdi lwgng da biét (3, 30, 130, 700 va 7000
kg mol 1) da duoc khao sat (Hinh 3).
Gia tri log ctia khdi lugng mol 1a him tuyén tinh cta thé tich rira giai, V,.

30 35 4.0 45 50 5.
Vv,

€

Hinh 3-Sdc do SEC ciia hon hop cac chat chudn.
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7. Dua vao cac dudong cong SEC trong Hinh 2 va 3, xdc dinh V., ctia polyme tuong ting v6i dudng
cong X va sir dung né dé wée tinh mirc d6 trung hop m cia khéi polymer thir hai. Thi sinh can
tinh toén chi tiét va co thé st dung may tinh hoac vé dd thi.

Ve = mL
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Téng hop copolymer ba khoi

V6i dinh huéng tmg dung sinh hoc, bao gom sy hinh thanh cdc mixen, mot copolyme ba khéi 9 c6 thé
dugc tong hop théng qua viée gan thém mot khdi & gitra, B, sir dung monome 5.

0
0 H catalyst ,o(\/\ %J\/Wo}
H4C <\/\0} + pS —He o) H
n 110 °C n P
4: A 6: A-B
MsCI/NEt NaN;  Pd/C, H 2
3 5 27 M2 . 8 + me
0 y CaHeNH,
CF3COOH/HBr HSC\Of\/O%‘/\/\/\O%\/\/\/Néﬂ)\N%'
8 no p-1 o) H'm
9: A-B-C
. ¢
MsCI: O:§=O
CH,

8. Vécautaocuas,7vas$.

5 (Chi thu duoc 6:A-B ma khong ¢ san pham khac kém theo)

7 (c6 mot chét khi duoc tao thanh & bude cudi)

9. Cac copolyme khdi vira ua nuéc vira ky nuéc (amphiphilic), nhu 9: A-B-C, c6 thé duogc ing dung
trong y té, vi chiing ty tap hop thanh cic mixen trong nuéc (pH = 7), do d6 duoc dung lam chat
mang thudc. Gan mdi khdi ctia copolymer cho mét thudc tinh wa hodc ky nude. V& so do cua
mixen chi v6i 4 chudi polymer.

A: O ky nudc (hydrophobic) O va nude (hydrophilic)
B: O ky nudc (hydrophobic) O va nude (hydrophilic)
C: O ky nudc (hydrophobic) O va nudce (hydrophilic)
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Bai Cau héi 1 | 2| 3| 4|5 /|6 | 7| 8| 9|10/ 11| Téng
T7 Thangdiém | 4 | 12| 2 | 2 | 2 | 5| 5| 8 | 4|5 5 54
6% Piém

Bai T7: Chuyén doéng vong trong phan tir [2]catenane

Nim 2016, giai thuong Nobel vé hoa hoc di dugc trao cho Gido su J.-P. Sauvage, Ngai J. F. Stoddart
va Giao su B. L. Feringa "vé thiét ké va tong hop cdc may phan tir”. Mot vi du trong sd nay 1a [2]
catenane, mot phan tir gdm hai vong 16ng vao nhau. Trong hé thong nay, mot vong 16n chira phdi tir
phenanthroline (hai cang) va thir vong thir hai chira hai phdi tir: phenanthroline va terpyridine (ba
cang). Ion déng duoc phdi hop boi mot phdi tir tir mdi vong 16n. Tuy thude vao trang thai oxy hoa cua
ddng (+ I hodc + II) ma thu dugc hai cau hinh tuong tng (Hinh 1).

Hinh 1-Su da én dinh ciia mét vong trong [2]catenane.

Duéi day 1a so do tong hop cua vong 16n:

B g (2EDA' ) @equivy |0
uiv. uiv.
7 |N\ x q » [ B ] q E
=
A
MsCI LiBr
(2 equiv.) F (2 equiv.) G
EtsN C23H27N306S;
MsCl = H,C-S-Cl THP = ﬁ{(oj LDA =

1. V& cautao cua B.

2. VéciutaocuaE,FvaG.
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E

F

G

3. T cac diéu kién phan tng dudi ddy, hiy chon (cac) diéu kién tao thanh E tir D:
O H', H,O

0 OH, H,O

O NaBH4, CH3OH

O Hy, Pd/C, THF

4. Trong phuong 4n téng hop nay, MsCl dugc sir dung nhu 1a:

O nhém dé bi thay thé

O nhom bao vé

O nhom giam hoat tinh

0 nhém dinh hudng

5. G thu dugc tir phan Ung gitra F va LiBr trong acetone. Day la phan tng:
O thé 4i dién tir & nhan thom

O thé ai dién tir & nhan thom

NN

O S\2
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6. V& trang thai chuyén tiép cua budc quyét dinh téc do cia phan ing F — G, v& 15 cdu trac ba
chiéu-3D. Chi cdn miéu ta mot trung tdm phan ung. Chudi carbon chinh c6 thé dugc biéu dién
duéi dang nhém thé R.

Trang thai chuyén tiép:

Qua trinh tong hop [2] catenane L st dung hiéu tmg khuon cua phirc dong:

7. Viét cau hinh dién tr day du ctia Cu(0) ¢ trang thai co ban. Hay cho biét trang thai oxi hoa ctia Cu
trong phirc J va viét cdu hinh dién tir cia Cu & dang ion tu do twong Gmg véi ion déng trong phirc
J.

CAu hinh dién tir ciia Cu(0):

Trang thai oxi hoé cta Cu trong J:

Céu hinh dién tir cua Cu trong J:
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Thi sinh: VNM-3

8. Chon dang hinh hoc cua ion dong trong L. Gia thiét dang hinh hoc v&i cac phéi tir xung quanh
tam dong 1a 1y tuong, vé gian d6 cac muc ning luong clia cic orbital d theo thuyét trudng tinh thé.
Dién cac electron vao gian d6 nay. Chi ra gia tri cuc dai ciia spin (S) cho phirc nay.

Dang hinh hoc cua Cu trong L la:

[0 Bat dién

O Tu dién

O Vuong phing

0 Ludng thap tam giac

Gian do su tach mtrc nang lugng va dién electron cua cac orbital d:

S =
9. Tir cac hop chat dudi ddy, hiy chon ra (nhitng) chat co thé 13y ion dong ra khoi phirc L dé thu
duoc [2]catenane tu do:
NH,
O CH;CN
0 NH4PFs
O KCN HN >N,
O tren
tren

Trong [2] catenane L, ion dong c6 thé ton tai & hai trang thai oxy héa (+ I) hodc (+ II), va mdi trong s&
chung thé hién mot kha nang phdi tri khac nhau (sb phdi tri bon- hodc nim- tuong tng).

Hinh 2-Cac trang thdi [2]catenane L
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B9 bén cua phirc Cu(l) c6 thé dugc suy ra bang cach so sdnh cau trac dién tur ciia chung vdi cau truc
cua mot khi hiém.

10. Pién vao chd trong bang s6 va ddnh dau vao 6 trong:

Phirc Cu'Ny ¢6 téng ... electron hoa tri quanh ion dong trong cau noi
Phirc Cu'Ns ¢6 téng ... electron hoa tri quanh ion dong trong cau noi

Phtrc Cu'Ny bén hon [0/ kém bén hon O phirc Cu'NGs.

11. Dién vao cic 6 nét lién véi cac cong thiic cia phirc twong tng trong Hinh 2 va hoan thanh chudi

chuyén hoa dién hoa cua hé thong bang cach dién cac ky hiéu sau trong cac 6 nét dit: @ (vong
xoay);,+e ;—¢.

Cu'N, >
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Bai Cau hoi 12|34 |5|6|7|8|9]|10]|11|12]13 |14 |15 | Téng

T8 Thang diém 216 (2|2 (11|24 |3]|4]|2 6 8 2 6 | 4 64
6%

Piém

Bai T8: Tong hop va xac dinh inositol

Trong bai tap nay, chung ta dinh nghia cong thirc ciu trac 3D va cong thirc phdi canh ctia B-glucose

trong hinh duéi day.
OH

OH

céu trac 3D cong thire cdu dang phdi canh
Inositol 1a cyclohexane-1,2,3,4,5,6-hexol. Mot ) trong sb cac vong 6 canh, didc biét 1a myo-inositol,
tham gia vao nhiéu qua trinh sinh hoc.

CAu truc ctia myo-inositol

1. V@ cau tao cua inositol, khong can v€ cau trac 1ap thé.

Ho céac phan tir nay chira 9 dong phan lap thé khic nhau, bao gdm ca cac dong phan d6i xtng.

2. V@&tat ca cac ciu tric 3D clia cic dong phan lap thé quang hoat.

Céu tric cia mot inositol cu thé, tén 1a myo-inositol, duge nghién ctru & day. Chi c6 mot trong nhirng
céu dang ghé cia chét nay chiém wu thé va cdu trac cta nd ¢ thé duogc suy ra tir phd 'H NMR duéi
day. Pho nay ghi & 600 MHz trong D,0. Pho dudi day gom toan bo céc tin hi¢u thu dugc. Gia tri tich
phan cua céc tin hiéu dugc ghi bén dudi.
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<+ @ < © O < M W © — 1 O
D N = o DN = = 0 © D
S o o © © W Id I D In NN N
< < < e e IR e I e B B I ™ o
—— R S
d c a
T T
1.0 2.0 1.0
4.1 4.0 3.9 3.8 3.7 3.6 3.5 3.4 3.3 3.2
d (ppm)

3. Viét cong thirc phan tir ctia hop chét chiém wu thé c6 ngudn gbc tir myo-inositol trong mau nay

v6i s lwgng proton chinh x4c quan sat dugc trén phd 'H NMR.

4. Duya vao s6 luong va gia tri tich phan cua céc tin hiéu proton, hay che biét s6 mit phang dbi xtng

ton tai trong phan tir ndy.

5. Hoan thanh cong thic ciu dang phdi canh bén nhit cta myo-inositol. Sau d6 ghi ky hiéu cho
mdi hydro bang chit cai twong Gmg (a, b, ¢ hodc d) trén co s& phéd NMR & trén. Proton a gin trén

carbon a trén hinh biéu dién sau. V& cau tric 3D cua chat nay.

CéAu trac 3D:
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Toéng hop cac inositol

V6i dinh huéng ing dung y hoc, nguoi ta tong hop mot sd photphat inositol trén quy mo 1on. Chiing ta
s& nghién ciru tong hop inositol 2 tir bromodiol 1.

OH Br OH
HO,, ~_ JOH OH HO\__~_ LOH
S, - L
HO” ™ “OH OH HO” ™" “OH
OH OH
2 1 3

Chon (nhitng) quan hé cdu trac dung gitra 2 va 3.

cip dbi quang (enantiomers)
cap epimer (epimers)

ddng phan di-a (diastereomers)
ddng phan truc (atropoisomers)

oooga =

Inositol 2 ¢6 thé thu duoc tir hop chit 1 sau 7 bude.

______________________________

Br O ©
L . cl

on , _mOPBA m-CPBA: |

OH p-TsOH CH.Cl,

1 | Q

Bn-OH, BF;+OFEt,

BusSnH, AIBN ©

n-BusSnH,

5 »  CiH19BrO4 ° > <
BnO” Y~ O

-10°C THF :
6 OH
7
OH
0s0, NMO HCI (aq) A HO,, _~_OH
7 » 3 9 —>
Acetone / H,0 EtOH, 25°C HO"™ Y~ “OH
| OH
E H H 5 2
| \ o :
! c -
! > NCXNGN CN [@)] 5
; s N
5 Bn-} AIBN NMO |

___________________________________________________________
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7. V& céu trac 3D cua 4.

4

8. Phan tng tao thanh 5 xay ra trén lién két d6i véi mat do electron cao nhat. Xem xét ciu tric ciia
1-bromo-1,3-cyclohexadiene bén dudi, ddy la mot phﬁn cAu trac cua 4. Khoanh tron lién két doi
v6i mat do electron cao nhét trong cong thirc dudi day. Vé thém mot cong thirc ciia 1-bromo-1,3-
cyclohexadiene dé biéu dién tat ca cac hiéu ung dién tir tao boi brom.

Br

9. V& céu trac 3D cua dong phan dia chinh cia 5.

5

10. Haiy cho biét tong sb cic dong phan 1ap thé cta 5 c6 thé thu dugce tir phan ing nay, bat dau tir hop
chat d6i quang 1.

11. Phan tng 5 — 6 c6 thé tao thém mot san pham khac c6 cung cong thire phén tir, goi 1 6°. V& ciu
trac 3D cia 6 va 6°.
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12. V& cau trac 3D cia cac dong phan dia 8 va 9.

8 9

13. Chon (cac) diéu kién ding A dé thu dugc 2.

O H,, Pd/C

O K,COs, HF

O HCOOH, H,O

O BF;-OEt,

14. Néu khong c6 brom trong hop chét 1, s& thu dugc mot dong phan lap thé khac ngoai 2. Xem rang
su chon loc 14p thé ctia cac phan tg xay ra trong qua trinh tong hgp van khong thay doi va qua
trinh tong hop twong dwong nhu dbi véi 2, v& cau tric 3D cua dong phan lap thé nay va chi ra
mdi quan hé cuia dong phéan nay vai 2.

O ddng phan dbi quang (enantiomers)

0 dong phéan epime (epimers)

[0 dong phan dia (diastereoisomers)

[0 dong phéan truc (atropoisomers)

15. Trong qua trinh tong hop 2 tir 1, hiy chon (nhirng) budc g& bo cac nhoém bao vé hodc nhom dinh
huéng.

01-4

0 4-5

O 5—6

O e6—7

0o 7-8

0O 8—-9

09—-2
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Bai Cau héi 123|456 |7 |8]|9]|10|11 12| 13| Téng

T9 Thangdiém |2 |2 |4 |3 |2 |17 1|1 |2] 4 2 2 2 44
7%

Piém

Bai T9: Tong hop levobupivacaine

Phan I.

Bupivacaine 13 chit giy té cuc b (tén thuong mai 1a Marcaine) nam trong Danh sach cac loai thudc
thiét yéu cua T6 chic Y té Thé gidi. Mic du thude nay hién dang dugc s dung dudi dang hdn hop
racemix, nhung ngudi ta d chimg minh rang dbi quang ciia bupivacaine, 1a levobupivacaine, it gay
ddc cho tim va do d6, an toan hon so véi viéc str dung hdn hop racemix. Levobupivacaine co thé dugc
tong hop tir axit amin ty nhién L-lysine.

- NH.*
Cl ?3 -

+ @)
H3N/\/\/\n/
L-Lysine ©
hydrochloride

1. Chi ra cau hinh tuyét d6i ciia trung tim 1ap thé trong L-lysine.HCI va chirng minh cau tra 1oi
bang cach phan loai cdc nhom thé theo thi ty wu tién cia ching.

Céau hinh: Thir ty vu tién 1 > 2> 3 > 4:

ORr W\/NHJCI— g{NHa" g{COO_ z{H
os [ ] [ ] ] [

Tién td L trong L-lysine dé cap dén cau hinh twong d6i. Chen dién dat ding:

Tat ca cac L-amino acid tu nhién déu quay trai.

Céc L-amino acid ty nhién co thé quay trai hodc quay phai.
Tét ca cac L-amino acid tw nhién déu 1 (S).

Tét ca cac L-amino acid ty nhién déu 1a (R).

goono| »

Thong thuong, cac nha hoa hoc chi mudn mot trong cac nhom amin trong L-lysine phan tng. Sir dung
mubi Cu”" véi dung dich kiém du c6 thé khoa chon loc kha ning phan tng ctia mot trong cic nhom
amin. Sau khi phtrc duoc hinh thanh, chi ¢6 nhém NH, khong tao phtic c6 thé phan tng.

3. Xem rang L-lysine phan mg nhu mot phdi tir hai cang va hai phan tir L-lysine két hgp voi mot ion
Cu® v6i sy c6 mat cia dung dich kiém, vé cdu triic ciia phirc chit trung gian.

Phtc chit:
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Mot diém rat tha vi 1a trong qué trinh tong hop levobupivacaine dugc trinh bay duéi day, nhém amin
khong tao phirc duge nhic & trén van phan ng ngay ca khi khong c6 mudi Cu®".

- NH3*
Cl, o 1) 1eq.LOH 1) NaOH, Cbz-Cl B
HN™ > ~ A - T CiaHaoN,O
0 2)1 eq. PhCHO 2) diluted HCI 141201\ 2VU4
L-Lysine 3) aqueous buffer
hydrochloride pH 6.2
NaNO,, NaOAc C NH, D 1) K2CO3, H0 E
> —_— »
AcOH C16H21NOg DCC 2) TsCl, NEts C29H34N206S
NH
H,, Pd/C reagent H “_ _N '
2 &% | F — —— > Levobupivacaine
O NEts CigHeN0
CoqHogN,04S G 18772872
reactive intermediate
0 Cl
= o S
Cbz-Cl | DCC TsCl ®)
X N=C=N
(benzyloxycarbonyl chloride) (N,N'-dicyclohexylcarbodiimide) (p-toluenesulfonyl chloride)

eq.: duong lugng; dilute: lodng; aqueous buffer: dung dich dém;
reactive intermediate: chat trung gian hoat dong.
Tir thoi diém nay, thi sinh c6 thé sir dung cac chir viét tit dugc dé xuat trong so do trén.

4. V& chu tric ctia hop chat A, bao gém cé yéu td 1ap thé tuong ung.

A

5. Su chuyén hoé L-lysine thanh A 1a (chon (céc) cdu tra 101 ding):

0 phan tmg chon loc cjéi quang.
O phan g dac thu doi quang.
O phan g chon loc vi tri.
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6. V& cac cong thirc cau trac tir B-F, bao gom yéu to lap thé twong tng.

Thi sinh: VNM-3

B C,4H,0N,O4 C Ci6H21NOg

D E CyoH34N>O6S

F C21H28N204S

Vai tro ciia DCC trong chuyén hoé tir C — D 1a gi?

Nhoém boé vé cia nhom amino.
Nhom bao véc ciia nhém hydroxy.
Tac nhan hoat hoa cho qua trinh tao thanh lién két amid.

ooo) X

TsCl dugc dung trong téng hop dé hoat hoa:

Phan tng thé nucleophil ciia nhém amino.
Phan tng thé electrophil ctia nhom amino.
Phan tng thé nucleophil ciia nhém hydroxy.
Phan ting thé electrophil cia nhém hydroxy.

oooag) <
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9. Panh diu tit ca nhiing tac nhan c6 thé dung lam tac nhan H:

O dung dich HCI loang O Zn/HC1

O K,CO; O H,SO,

O dung dich KMnO, O dung dich NaOH loang
O SOCl, O PCls

10. V& ciu triic cua levobupivacaine, bao gdm yéu t6 1ap thé tuong tng.

Levobupivacaine C;sH,sN,O

Phan II.

Qua trinh tépg hop levobupivacaine doi hoi phai sir dung d6i quang L-lysine tinh khiét. Mot phuong
phéap pho bién dé xac dinh d¢ tinh khiét doi quang ctia aminoaxit la chuyén hod ching thanh amit su
dung axit Mosher (xem cau trac cia dong phan (S) bén dudi).

~0, CF3

HO

(S)-Mosher's acid

11. V& céu trac cta amit dugc hinh thanh khi nhém a-amino cua L-lysine phan tng véi (S)-Mosher's
acid. Chi 16 ciu tric 1ap thé cua cac trung tim bat ddi.

12. Cé bao nhiéu sin pham s& dugc hinh thanh tir hdn hop racemix cua lysine va (S)-Mosher's acid
(xem xét rang chi c6 nhém a-amino ctia lysine phan mg tao dn xuat)?

Hai dong phéan dia (Two diastereoisomers.)

Bon dong phan dia (Four diastereoisomers.)

Hdn hop racemic cia hai ddi quang.

Bon hop chét: hai dong phan d6i quang va hai dong phan dia.

ooono

. Chon (nhing) phuong phap c6 thé dugc sir dung dé xac dinh dinh luong d6 d6i quang cua lysine
sau khi tao dan xuét cua né véi (S)-Mosher's acid:

—
[98)

Pho NMR.

Séc khi long.

Pho khéi luong.

Pho tir ngoai kha kién.

oooa
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