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Hwéng dan chung

* Thi sinh chi s&r dung bt va may tinh dugc phat khéng cé chirc nang lap trinh
« Phan thi li thuyét nay gém 63 trang khdng ké phan Hudng dan chung

* Phan thi gom 9 bai
+ Thisinh c6 5 ti€ng dé hoan thanh phan thi nay.
* Thi sinh chi dugc phép viét khi c6 thong bao Iénh START.

* Tat ca két qua va cau trd 1oi phai dugc viét ré rang bang but trong khung dugc thiét ké tuong (rng
& phiéu tra 1&i (answer sheets). Viét ra ngoai khung nay sé& khéng dugc tinh diém. Néu thi sinh can
gidy nhap, c6 thé dung mat sau cla cudn dé thi. Luu y rang, phan viét nhap sé khdng dugc tinh
diém.

« Trinh bay tinh toan cu thé trong cac 6 twang trng khi can. Cau tra |6 chi cho day da diém khi 16 gidi
dugc trinh bay day da.

* Giam thj sé thong bao 30 phut trudc khi lénh “STOP” dugc thong bao.

* Thi sinh phai dirng lam bai ngay 1ap tdc khi c6 1énh “STOP”. N&u tiép tuc lam thi phan thi Ii thuyét
sé khong dugc cham diém.

« Thi sinh chi c6 thé yéu cau ban tiéng Anh chinh thirc cda cuén deé thi li thuyét nay cho viéc lam ra.

« Thi sinh chi dugc ra khdi cho khi c6 su cho phép cta giam thj. Néu thi sinh can trg gitip (vi du hdng
may tinh, di vé sinh, v.v...) hdy gio tay va doi tai chd cho dén khi giam thij dén.

GOOD LUCK!
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Bai & Phan bd diém

Bai s6 Tiéu dé Diém lé % Diém tdng

1 Hai “m§ nhan” cGa Thé Nhi Ky: méo Van va méo | 24 8
Ankara

2 Cau truyén vé mot chat trung gian hoat déng 77 10

3 (+)-Coerulescine 51 8

4 Db6i xtrng that quan trong! 66 10

5 Konya, Ca r6t, Beta-Carotene, Vitamin-A, hé théng | 100 14
mién dich, va thj giac

6 Nhiét déng hoc tir chuyén du hanh gira cacvisao | 80 12

7 Phthalocyanines 85 12

8 Cac hgp chat clia Boron va Luu trir Hydrogen 58 14

9 Xac dinh ham Iugng cac ion kim loai nang 100 12
TONG 641 100
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Cac hang sé vat ly va phuong trinh

S6 Avogadro

N, = 6.0221 x 10**mol ™"

Hang s6 Boltzmann

kp=1.3807 x 103K *

Hang s6 khi li tudng

R =8.3145 JK 'mol™! = 0.08205 atm LK 'mol ™"

T6c d6 anh sang

c=29979 x 108ms~!

Hang s6 Planck

h=6.6261 x 10-34s

Hang s6 Faraday

F =9.6485 x 10*C mol™!

Khéi lugng electron

m, = 9.1093 x 103! kg

Ap suét chuén

P =1Dbar=10°Pa

Ap sudt khéng khi

P, = 1.01325 x 10° Pa = 760 mmHg = 760 torr

0d6C

273.15K

1 picometer (pm)

102m;1A=10""m

1 nanometer (nm) 1079 m
leV=16021 x 10719
1cal =4.184)

1amu = 1.6605 x 1027 kg

Dién tich electron

1.6021 x 10719 C

Phuong trinh khi li tuédng

PV =nRT
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Cac hang sé vat li va phuong trinh

Enthalpy H=U+PV

Nang lugng tu do Gibbs G=H-TS

A, G = AG° + RTInQ

A,G° = —RTINK = —nFE"

cell

Bién thién Entropy AS = %z, trong d6 q,., la nhiét cia qua trinh thuan
nghich

Bién thién Entropy AS =nRIn 2 (cho qua trinh gidn n& dang nhiét cta khi li
tudng)

Phuong trinh Nernst E:EOJr%“m%

Nang lugng cta photon E=1he

Dinh luat toc d6 dang tich phan

Bac khéng [A] = [A], — Kt

Bac nhat In[A] = In[A], — Kkt

Bac hai ﬁ [Al]o + kt

Phuong trinh Arrhenius = Ae Fa/RT

k
Phuong trinh duong tuyén tinh y=mz+n
Phuong trinh Lambert-Beer A
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Bang tuan hoan cac nguyén té

1 18
1 atomic number 2
H| 2 Symbol 13 14 15 16 17 | He

1.008 atomic weight 4.003
3 4 5 6 7 8 9 10
Li | Be B|IC|N|O]|F|Ne

6.94 9.01 10.81 | 12.01 | 14.01 | 16.00 | 19.00 | 20.18
1 12 13 14 15 16 17 18

Na|{Mg|3 4 5 6 7 8 9 10 11 122|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 | 9291 | 95.95 - 101.1 | 102.9 | 106.4 | 107.9 | 1124 | 1148 | 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|Bajfsn |Hf [Ta| W |Re |Os | Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
132.9 | 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 |ss103| Rf I 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 | 1409 | 1442 - 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 99 100 101 102 103

98
Ac|Th|Pa| U [Np|Pu|Am|Cm|Bk | Cf | Es |Fm|Md|No | Lr

- 232.0 | 231.0 | 238.0

ﬂ;:}‘ . y
2019 3k @
VPTY
Intarnational Year n m

of the Periodic Table
of Chamical Elements

Copyright © 2018 International Union of Pure and Applied Chemistry

Reproduced by permission of the International Union of Pure and Applied Chemistry
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Pd chuyén dich hoa hoc trén phé

I\Ille
aryl NH, aryl NH, Me—EIIi-Me
M
amide NH, NH, alkyl NH, NH, (TM;)
aryl OH alkyl OH
(0] =
J_n H —
R™ N0’ H _‘_ Yol |
N—( = C-H | —C-H
RJLH Y=N,0,X|Y=C,O,N Y
I [ I I | I I [ [ I I [ |
2 11 10 9 8 7 6 5 4 3 2 1 0
Chemical shift (5) ppm
Hang s ghép do6i H-H
i i R
H H H H
geminal geminal vicinal
2J=0Hz 2J=2-15Hz 3)=6-8 Hz
(homotopic hydrogens) (diastereotopic hydrogens)
| N/ H
X—C—C—Y c—C e
I I / \ / \
H H H H H
vicinal cis trans
3)=2-12 Hz 3/=7-12 Hz 3)=12-18 Hz
(depends on dihedral angle)
\ (o
C:C: \C:C/ \H AN
/ H / \H | /_H
geminal allylic 3 = 6-9 Hz (ortho)
2J=0.5-3 Hz 3)=3-11Hz 4/ =1-3 Hz (meta)

(depends on dihedral angle)

5/ =0-1 Hz (para)
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Pd chuyén dich hoa hoc trén phé

c=cC
aromatic
C=C c—oO
C—N
c=0
c=0 acid c=C c—cC
aldehyde ester
ketone amide CcC—X
I I I I I I I I I I I
220 200 180 160 140 120 100 80 60 40 20

Chemical shift (5) ppm
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Bang tan s6 hap thu trén phé IR

Nhém chirc Loai dao dong Vang tan sé hap thu | Cuong dd
(em™)

Alcohol

O-H (stretch, H-bonded) 3600-3200 manh, rong
(stretch, free) 3700-3500 manh, sac

Cc-0 (stretch) 1150-1050 manh

Alkane

- stretch 3000-2850 manh
bending 1480-1350 thay déi

Alkene

_C-H stretch 3100-3010 trung binh
bending 1000-675 manh

Cc=C stretch 1680-1620 thay déi

Alkyl Halide

C-F stretch 1400-1000 manh

C-Cl stretch 800-600 manh

C-Br stretch 600-500 manh

C-I stretch 500 manh

Alkyne

C-H stretch 3300 manh, sac

c=C stretch 2260-2100 thay déi, khéng xuat

hién & ankyne déi
xrng
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Bang tan s6 hap thu trén phé IR

Amine

N-H stretch 3500-3300 trung binh (amines bac
nhat c6 2 tin hiéu,
amine bac hai c6 1
tin hiéu, thuong la rat
yéu)

C-N stretch 1360-1080 trung binh - yéu

N-H bending 1600 trung binh

Aromatic

C-H stretch 3100-3000 trung binh

Cc=C stretch 1600-1400 trung binh - yéu, nhiéu
tin hiéu

Carbonyl

C=0 stretch 1820-1670 manh

Acid

Cc=0 stretch 1725-1700 manh

O-H stretch 3300-2500 manh, rat rong

Cc-0O stretch 1320-1210 manh

Aldehyde

C=0 stretch 1740-1720 manh

C-H stretch 2850-2820 & 2750-2720 | trung binh, 2 peak

Amide

Cc=0 stretch 1690-1640 manh

N-H stretch 3500-3100 k’hénlg c6 nhom thé: 2
tin hiéu

bending 1640-1550
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Bang tan s6 hap thu trén phé IR

Anhydride

c=0 stretch 1830-1800 & 1775-1740 2 tin hiéu

Ester

C=0 stretch 1750-1735 manh

Cc-0 stretch 1300-1000 2 tin hiéu hodc nhiéu

hon

Ketone

acyclic stretch 1725-1705 strong
stretch 3-membered - 1850 manh
stretch 4-membered - 1780 manh

cyclic stretch 5-membered - 1745 manh
stretch 6-membered - 1715 manh
stretch 7-membered - 1705 manh

a, 8-khéng no stretch 1685-1665 manh

hé lién hgp chuyén dich vé sé song thap hon

aryl ketone ‘ stretch ‘ 1700-1680 ‘ manh

Ether

c-0 | stretch | 1300-1000 (1150-1070) | manh

Nitrile

C=N | stretch | 2260-2210 | trung binh

Nitro

N-O | stretch | 1560-1515 & 1385-1345 | manh, 2 tin hiéu
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Bai 1. Hai “my nhan” Thé Nhi Ky: Méo Van va Méo Ankara

Loai méo dep nhat la méo Van, chdng la giong thuan chidng chi séng & luu vuc hé Van. Mét gibng méo
dac hiru khac la méo Ankara. Thudng goi la méo Angora. Dac diém quan trong nhét cla hai gibng méo
nay la c6 mau hai mat khac nhau.

Van cat Ankara cat Nepeta cataria (catnip)

(v ad

Cling giéng nhu con ngudi, loai méo doi khi c6 thé bj cang thang va tirc gian. Néu nhu loai ngudi cdm
thay hanh phuc bai melatonin, sy cdng thang ciia méo cé thé giam di va chung cé thé thdy hanh phuc
nho mét hgp chat thién nhién. Nepetactone la hgp chat hitu co dugc phan Iap tur cdy catnip (Nepeta
cataria), hoat dong nhu mot chat hap dan méo. Nepetactone la monoterpenoid mudi carbon c6 nguén
goc tlr isoprene véi hai vong chung canh: vong cyclopentane va mét lactone.

Cat eating catnip in the garden Cat's dream
* Q

@ o=
WSS

Nepetalactone
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Téng hgp toan phan nepetalactone:

O o .
1) NaOEt A 1) HgSO,4, H50 B LDA C
OFt = ( CigHigO;  2)4 CioHig0; A CioH140

2 Br
H, | Pt
(e}
1) O3 1) NaBH, NaOEt
OAc E D o)
2) Me,S C19H2407 2) Ac,O C17H200 PhCHO
4 3
1) NaOH, H,O
2) Nalo,
@]
C10H1603 C10H1603 -H,0 =
1

1.1 So d6 trén mo ta qua trinh téng hgp toan phan nepetalactone. V& cdu tao cia  14.0pt
cac hgp chat A-G, khéng can vé chi tiét cau truc 1ap thé.

Goiy:
* Hgp chat A c6 tin hiéu hdp thu manh va sac nét & 3300 cm~! trén phd IR.

« A, B va F la cac hgp chat don vong (monocyclic), trong khi C, D, E va G la cac hgp chat hai vong
(bicyclic).

* F c6 mot tin hiéu d6i (doublet) & 9.8 ppm trén phé 'H-NMR.
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Phan (rng ctia nepetalactone:

H DDQ 1) NaOH
- —_—
C1oH120; 2) Hy0"
(+)-1
0]
N O 2) HCl(aq) 0
) Oz 3) Hy/Pt Cl CN
O DDQ :
| J Cl I CN
C1oH1805

So d6 trén bao gom cac phan rng clia mot trong nhirng déng phan doéi quang clia nepetalactone 1. Ba
trong s6 cac san pham phan ang (5, 6 va J) dugc sir dung lam thuéc chéng con trung trong céng nghiép.

1.2 D6i véi moi quan hé gitra cac dong phan 5 va 6, (nhirng) dap an nao sau ddy  4.0pt
la ding? Panh dau vao 6 bén canh (nhirng) dap an dung trén phiéu tra 1i clia
ban.

Phan &ng cda 1 véi DDQ cho hgp chat H lién hgp réng. Ngoai ra, phan (rng nhiét cda H trong su cé mat
clia p-quinone tao thanh I c¢6 khéi lugng mol phan tir la 226.28 g/mol.

1.3 V& cac cdu trdc cta H, Iva ), chi rd cau tric 1ap thé cda ching. 6.0pt

Goiy:
« Trong qua trinh tao thanh I, lién ti€p xay ra cac phan rng vong chuyén tiép (pericyclic) va mét phan
rng oxy hod (do sy cé mat ctia O,), tao ra mot chat khi thuong gap (well-known gas).

« ) ¢6 dai hap thu manh va rat réng trong khoang tir 3300 dén 2500 cm~! trén phé IR.
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Bai 1. Hai “my nhan” Tho Nhi Ky: Méo Van va Méo Ankara

1.1 (14.0 pt)




Theory IChO 2020

- 0 n =k
i L, W -

VNM (Vietham)

1.2 (4.0 pt)
O Cap doéng phan d6i quang (enantiomers)
O Nhirng dong phan lap thé khéng d6i quang (d6ng phan dia, diastereomers)
0O Lacung mét chat (identical)
O Nhirng déng phan lap thé (stereoisomers)

1.3 (6.0 pt)
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Bai 2. Cau chuyén vé mot chat trung gian hoat dong

Arynes tao thanh mot I6p chat trung gian hoat déng dac biét. Bang chirng thuc nghiém dau tién vé cau
trdc ctia mét aryne (benzyne) da dugc chirng minh vao nam 1953 thdong qua cac thi nghiém nguyén tir
danh dau rat sang tao cla John D. Roberts va cdng su.

Trong mét thi nghiém, chlorobenzene, cé carbon & vi tri sé 1 dugc danh dau bagi dong vi 14C, phan ing

vGi KNH,, trong NH, 1dng dé tao ra lugng gan nhu bang nhau cda cac ddng phan vi tri A va B cung v6i
mudi vo co C. Phan irng nay dién ra thong qua sy hinh thanh aryne trung gian D.

» Cl KNH,
@ A+ B +C

2.1 V@ cau tao cla cac chat A, B va D, va cho biét cdng thirc clia C. Chi rd (cac) vitri  7.0pt
cUa (cac) nguyén t&r danh dau 4C bang dau sao (*) & vi tri phu hgp.

Viéc phan tich (cac) sdn pham déng vi danh ddu '*C dugc thuc hién théng qua cac thi nghiém thoai bién
(nguyén tl&r cacbon 4C khdng dugc chi ra trén cau trdc & hinh dé bai). Tinh phéng xa clia cac chat trung
gian va san pham cudi cung da dugc kiém tra.

OH
NaNO,
A&B s

O

A J
H,N NH,
Ba(OH)ZJ 1
KMnO,
BaCO;
(Batch 1)
HO,C  CO,H HN - NH, 4 oco,
Ba(OH
9 l (OH),
BaCOs

(Batch 2)
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2.2 Panh d&u vao cac 6 thich hop trén phiéu tra 15i cho cac san pham trung gian  9.0pt
va san phdm ma ban cho rang co tinh phong xa.

V6i muc dich tao diéu kién cho su hinh thanh aryne, Kobayashi va cong sy da phat trién phuong phap
tao aryne dung fluoride xuc ti€n. Bang cach nay, dan xuat clia benzen 3 phan (ng véi furan (4), trong su
c6 mat ctia CsF, tao thanh E, F va G.

OSO0,CF; o
@[ Ay e e+ F G
MeO SiMes MeCN

3 4

* Phan tich nguyén t6 chat E cho thay thanh phan phan tram khéi lugng clia cac nguyén té nhu sau:
75.8% carbon, 5.8% hydro va 18.4% oxy.

« E khong cé proton c6 thé trao déi véi D, O trén pho 'H-NMR.
« Fla hgp chation.

2.3 Xac dinh cdu tao cda E, F va G (khdng can vé 1ap thé). 8.0pt

Khi khdng c6 nucleophile hoac tac nhan bay, arynes cé thé tu phan (rng déng vong dime hoa [2 + 2] hoac
dong vong trime hoa [2 + 2 + 2] trong cac diéu kién thich hgp. Dan xuat aryne thu dugc khi 3 phan rng
vGi 1 duong lugng CsF trong MeCN, vé nguyén tac, tao thanh bon sdn pham dime va trime hoa (H-K).

* H c6 hai mat phang déi xing.
* 1¢O thé co6 21 tin hiéu trén pho C-NMR.

« CaIva) déu thé hién gia tri m/z 1a 318.1 trén pho khéi cta chdng.

2.4 Xac dinh cau tao clia H-K. 16pt

Khi cho 5 phan (rng v&i 5-ketoester 6 trong sy c6 mat cla 2 duong lugng CsF & 80 °C thi thu dugc san
pham chinh L. DT liéu ph6 *H-NMR va '*C-NMR cda L, trong CDCl,, nhu sau:

* 'H-NMR:§7.79 (dd, /= 7.6, 1.5 Hz, 1H), 7.47-7.33 (m, 2H), 7.25-7.20 (m, 1H), 3.91 (s, 2H), 3.66 (s, 3H),
2.56 (s, 3H) ppm.

« 13C-NMR: § 201.3, 172.0, 137.1, 134.4, 132.8, 132.1, 130.1, 127.5, 51.9, 40.2, 28.8 ppm.

OSO0,CF; o O CsF (2 equiv)
L
@: + H3CMOCH3

SiMes, MeCN

5 6
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25 Xac dinh cadu tao cla L. 5.0pt

2.6 Trong phan rng & 2.5, (nh{rng) ménh dé nao trong bo cau trd Ioi sau moé td vai 4.0pt
tro cda CsF?
+ Gia tri pK, cla HF va -ketoester 6 trong dimethyl sulfoxide (DMSO) lan
luot la khoang 15 va 14.

Dan xuat diazapyrone 8 1a mét tac nhan hiru dung cho viéc xdy dung cac hé khung carbon mach vong.
Qua trinh diéu ché 8 tir axit phenylglyoxylic (7) va irng dung clia chat nay trong hai phan rng khac nhau
dugc mo ta dudi day.

« QvaTlacackhi & diéu kién thuong.

« Ova P lacac dong phan cau tao.

+ Q khdng c6 tin hiéu trén pho IR.

« Bun néng 1 mol R & 85 °C tao ra 1 mol chat trung gian hoat dong S.

« Phan Ung cla 8 véi hai duong lugng S tao thanh U, Qva T.

Ph
o) 60 °C DCC o
PN " NGO N N NN
7MgN2 N 0]
Ph CO,H -H,0 -H,0O N DCC

HsC—=—=—NEt, Ph
(1 equiv) N)\fo S (2 equiv)
o+ P *Q =< | - U + Q@ *+ T
NYO
Ph 8

)\/\ONO

COH  CF4CO,H (cat) 85 °C
X e
NH,

’ )\\AOH

Luuy:
equiv= duaong lugng

cat= xUc tac

2.7 Xac dinh cau tao ciia M-U. 28.0pt




Theory IChO 2020
'-|F’ P—-ﬂ L 'ﬁ‘

TS PP | N (O A2-1

VNM (Vietham)

Bai 2: Cau chuyén vé mot chat trung gian hoat dong

2.1 (7.0 pt)
A B
C D
2.2 (9.0 pt)
Chi xét A: Chi xét B:
0O  Hogpchat1 0O  Hgpchat1
O BaCO, (& mé phan (rng-Batch 1) O BaCO, (& mé phan irng-Batch 1)
O Hogpchat2 O Hgpchat2
O BaCO, (& mé phan irng-Batch 2) O BaCO, (& mé phan irng-Batch 2)
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2.3 (8.0 pt)
E F
G
2.4 (16.0 pt)
H I
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2.5 (5.0 pt)

2.6 (4.0 pt)

F~ thuy phan nhom trifluoromethanesulfonate (O;SCF;) cta 5.
F~ tdn cdng nhém -SiMe; cla 5.

F~ déng vai tro base dé dé proton hod 6.

F~ dong vai tro nucleophil tdn cdng nhom este cla 6.

Ooo0ooao
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2.7 (28.0 pt)

M N
ovaP Q
R S
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Bai 3. (x)-Coerulescine

Hop chat spiro la chat hru co chira cac vong lién két véi nhau bdi mot nguyén tir chung (nguyén tir spiro)
nhu dudi day. Hé théng vong spiro [pyrrolidin-3,3'-oxindole] la cdu phan dugc gan trong mot sé alcaloid
rc ché té€ bao va cac hgp chat khéng tu nhién. Coerulescine (1) va horsfiline 1a nhirng chat nguyén mau
don gidn nhat cda chi nay. Ching c6 thé dugc téng hgp theo con dudng dudi day.

O

Chuyén vi Claisen hodc chuyén vi sigmatropic- [3,3] la phan (rng tao lién két carbon-carbon quan trong.
Trong qua trinh nay, vinyl allyl ether dugc chuyén thanh hgp chat cacbonyl khéng bdo hoa dudi tac dung
cla nhiét nhu So d6 dudi day. Khi dun néng A, phan (rng chuyén vi Claisen xay ra tao thanh cacbonyl B.

Thi sinh khéng can vé cdu truc 1ap thé khi tra I1&i toan bd cau héi nay.
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3.1 VE cu tao cuaAvaB. 8.0pt
« Ala hon hop khéng phén tach dugc cla cac dong phan cis/trans.
+ B ¢6 dinh hap thu hong ngoai & 1726 cm L.

3.2 Vé caccdutaoctaC, D, EvaF. 16.0pt
+ D-F c6 cau truc hai vong (bicyclic).

3.3 Chon th ti phan (rng dung cho qué trinh chuyén hoa F thanh G. 4.0pt

3.4 Vé cau tao clia G va H (hai chat déu & dang spiro). 8.0pt

3.5 Vé cau tao cla chat trung gian dugc tao thanh khi H phan &rng véi n-BuLitrong  5.0pt
budéc H - Coerulescine (1).

Coerulescine (1) phan &rng vdi N-bromosuccinimide (NBS) sinh ra dan xuat bromo. Bun n6ng dan xuat
nay vdi natri methoxide trong su c6 mat cia dong iodide tao thanh horsfiline (I) v&i hiéu suat 60%.

3.6 Chon cdu tao dung cho hgp chat I phu hgp v&i mét phan dir liéu chon loc tr  5.0pt
ph6 'H-NMR: § 7.05 (d, J = 1.4 Hz, 1H), 6.78 (d, / = 8.0 Hz, 1H), 6.72 (dd, J = 8.0,
1.4 Hz, TH) ppm.

3.7 Khi dun néng allyl ether cia 2-naphthol, xay ra phan &ng chuyén vi sigmatropic. ~ 5.0pt
V& ciu tao clia san pham chinh phan lap dugc tir phan (ng nay.
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Bai 3. (£)-Coerulescine

3.1 (8.0 pt)

3.2 (16.0 pt)
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3.3 (4.0 pt)

O Tao imine, sau d6 khir hoa, r6i amid héa
O  Amin hod, sau d6 tao imine, roi khir hoa
O Khir hod, sau d6 amid héa, réi tao imine

3.4 (8.0 pt)

3.5 (5.0 pt)
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3.7 (5.0 pt)




Theory IChO 2020

'-lF’ [' ]

|"L —
al. Ly L

L -

VNM (Vietham)

Bai 4. Poi xtirng that quan trong!

Cé rat nhiéu phan (ng hiru co di qua trang thai chuyén tiép vong va ching dugc phéan loai thanh hé
phan (ng vong chuyén tiép (pericyclic reactions). Cac quy tac phat trién badi Robert B. Woodward va
Roald Hoffmann (qui tdc Woodward-Hofmann), dugc str dung dé giai thich dac tinh hoa 1ap thé va nang
lwgng hoat hod clia nhitng phan &rng nay.

o

Cac qui tac Woodward-Hoffmann

Cac phan rng electrocyclic Cac phan rng cdng vong (Cycloadditions)
So6 electron Nhiét (A) Quang hoa (hv) Nhiét (A) Quang hoa (hv)
4n bong quay (con) Nghich quay Khéng thudn lgi | Thuan lgi
n=1,2,.)
4n+2 Nghich quay (dis) bong quay Thuan lgi Khoéng thuan lgi
n=1,2,.)

4.1 Dién vao bang sau thong tin vé phan (rng (i)-(iii) hoac san pham 2-5:

12.0pt

Cé thé c6 ba ddng phan benzotropone. Mac du hai trong s6 cac déng phan cta benzotropone da dugc
phan Iap, nhung van chua phan 1ap dugc 3,4-benzotropone (1). Tinh khdng bén cla hop chat nay dugc
quy cho cau trdc o-quinoidal clia 1 vi né khdng c6 hé thong 6 electron trong vong benzen.

4.2 V& cau tao cla cac dong phan benzotropone bén A (c6 6 tin hiéu trén phé 13C-

NMR) va B (c6 11 tin hiéu trén pho 3C-NMR).

6.0pt
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4.3 Khi tetraene sau day phan &rng trong diéu kién quang hoa, (nhirng) sdn phdm  6.0pt
doi xirng orbital dugc phép (symmetry-allowed product), ing véi ba kich thuéc
vong, c6 thé dugc tao thanh theo quy tdc Woodward-Hoffmann. Panh dau vao
(nhirng) cau trd 1&i dung trén mabi dong.

D
= D

0 o)
H. Me Me _H h
N | | i __ "W [2+2]-Cycloaddition
O}\N N /J%O reaction

Prof. Dr. Aziz Sancar

Giai thudng Nobel héa hoc nam 2015 da dugc trao cho Gido su Aziz Sancar, Thé Nhy Ky, nha khoa hoc
Tomas Lindahl, Thuy S, va Gido su Paul Modrich, My cho nhirng “Nghién cru co ché sira chira DNA" clia
ho. Cac base pyrimidine trong DNA c6 thé tham gia phan rng quang héa cdng véng [2 + 2] (xem hinh
trén) khi tia UV chi€u vao da ngudi, lam hong DNA, cudi cung c6 thé dan dén ung thu da. Nghién clru
clia Gido su Aziz Sancar tap trung vao cd ché stra chira DNA cho loai hu hai nay.

Thymine (T) 1a mot trong nhirng base nito (nucleobase) cé thé tham gia phan &rng quang hoéa dudi tac
ddng cuda tia UV. Gia slr rang chiing ta c6 dung dich cta thymine ty do da dugc chiéu tia UV.

0
H\N)j/Me hy
OJ\N

H

T

4.4 Khdo sat hod Iap thé, vé cau tric cla tat ca cac san pham c6 thé tao thanhtlr  16.0pt
phan rng gitra hai phéan tir thymine (T) tu do. Khoanh tron (nhirng) hgp chat
chiral (c6 tinh khéng trung vat anh). Chi can khoanh mét déng phan ctia moi
cap déi quang la du. Luu y rang chi cé lién két C = C tham gia phan &rng nay.

Mot loat cac dan xudt halogen clda norbornadiene (N) da dugc cong bd. Tribromo-norbornadiene
(C;H;Br;) c6 sdu dong phan khdng quang hoat (meso). Ba trong sé cac dong phan nay (6, 7 va 8) dugc
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vé dudi day.
Br Br Br Br Br
Lb y
/ 4 7 7%
6 7 8
4.5 Theo ban, c6 bao nhiéu tin hiéu trén phé 3 C-NMR 9.0pt

clia 6, 7 va 8? Pién vao cac 6 sau.

4.6 V& cac cau tric clia nhirng dong phan khéng quan hoat (meso) conlai (C, DvaE)  9.0pt
cUa tribromo-norbornadiene (C,H;Br;) ngoai 6-8 trén khung da cho trong cac
0 sau.

Ph& NMR cuia ether 9 kha phirc tap. Hai nhom MeO khac nhau cling nhu tat cd cac nguyén tlr hydro trén
hé vong.

Tuy nhién, diphenol 10 c6 phd NMR rat don gidn va chi c¢6 ba loai proton (dugc danh dau a, b va c). Cau
trdc trung binh 11 dai dién cho cho tat ca cac cau trdc cong hudng va tinh doi xirng clia hgp chat 10.

Ha

4.7 Theo ban, c6 bao nhiéu tin hiéu trén phd 3C va 'H-NMR cla 12 va 13? 8.0pt
@) OH MsO OMs
O
HO ‘ OH MsO ‘ OMs X
) S
0]
OH OH @] OH

12 13
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Bai 4. Poi xtirng that quan trong!

4.1 (12.0 pt)
Phan rng San pham [? +?] cdng hgp vong A hay hv
i 2
i 3
4
iii
5
4.2 (6.0 pt)
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4.4 (16.0 pt)
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O OH
HO OO OH

OH OH

....... tin hiéu trong *C-NMR

....... tin hiéu trong 'H-NMR

4.5 (9.0 pt)
6 7 8
Br Br Br Br Br
Br
/ /
Br Br Br
4.6 (9.0 pt)
C D E
/ 4
4.7 (8.0 pt)
12 13

MsO OMs
MsO O OMs
“ Ms = MeSO,
@]

OH

....... tin hiéu trong *C-NMR

....... tin hiéu trong 'H-NMR
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Bai 5. Konya, Carot, Beta-Carotene, Vitamin A, hé théng mién
dich va thi giac

Vitamin A

Mevlana (Rumi) la mot nha tho huyén bi va vi dai, ngudi da séng & Konya vao thé ky 13. Konya la thanh
pho cung cap 65% san lugng ca rét cla dat nudc, tur day thu dugc mét trong nhirng vitamin thiét yéu
(vitamin A).

Ca r6t la mét ngudn quan trong cung cap B-carotene, lam cho rau cd c6 mau cam. Phan t&r nay la sac té
mau dé cam tu nhién dugc tim thay trong thuc vat, va la mét loai tién vitamin A. B-carotene dugc chuyén
déi thanh vitamin A, rat can thiét cho su tang trudng va phat trién binh thudng, cling nhu cdia hé théng
mién dich va chlrc nang thi giac.

B-Carotene cé chudi polyene v&i 22 nguyén tir carbon. Bay la mét hé lién hgp vdi lién két don va déi luén
phién. Budc séng hap thu cuc dai thuc nghiém cdiané (A,,,,,.) 1a 455 nm. Cho rang tat ca cac lién két gitra
C, va C,, la lién két lién hgp. Nhu vay c6 22 electron 1t trong phan td (Hinh 1).

32.°
i“:)"j‘)> Jf%}':{/lf

v J'!‘ 9= J 9 J ‘p’ 123 @ !a - J/ D I “‘ ?
*3%595° o LW
J > &

Hinh 1. Biéu dién dang qua cau va que néi clia cau truc B-carotene. Hinh cau xam va trang
bi€u dién cho cac nguyén tlr carbon va hydro tuong irng. Cac nguyén tr carbon dugc danh sé
thudc doan mach lién hgp 1 cda phan tdr.

Mot cach gan dang, cac electron trong AO C-2Pz, vudng géc véi mat phang phan tl, di chuyén doc theo
toan bd phan tlr, khéng tuong tac véi nhau. Chang dugc coi la cac hat doc 1ap chuyén déng ty do trong
phéan tlr, doc theo truc x hé mot chiéu. Nhirng ddc diém nay cda cac electron T nay lam cho ching da
diéu kién dé s&r dung dugc mo hinh hat chuyén dong tw do trong hop thé mét chiéu.

Ham séng va nang lugng lugng tir hda cla hat trong hdp thé mét chiéu dugc cho nhu sau:

=./%sinzzz (EQ.1)
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v@in la s6 lugng tr, n=1,2,3,4,.... oo, va L la chiéu dai hop thé.
E, =gk, (Eq.2)

n— 3

Vi hat chuyén dong tu do trong hé hai chiéu (2D), ham séng duoc biéu dién dudi dang tich clia cdc ham
s6ng mét chiéu va nang lugng dudi dang téng clia cac ndng lugng mét chigéu. Cac mirc nang lugng cla
hop hai chiéu dugc cho nhu sau:

B, n, =[5+ 215} (E93)

trong dé n,, n, la cac s lugng tirva la cac sé nguyén duong. L,, L, 1a kich thudc cia hdp trong md hinh
2D. Chung la nhirng s6 duong.

5.1 Hai phat biéu nao dudi day la ding? Chi ddnh ddu vao mét cau trd oi chrahai 13.0pt
phat biéu dung trong phiéu.

Phan tir B-carotene c6 mau cam vi:
i) N6 hap thu anh sang trong ving kha kién cGa phé dién tur.
ii) Chuyén doi HOMO - LUMO xay ra do su hdp thu photon IR.

iii) khodng cach gitra cdc mirc nang lugng thir 22 va 23 bang véi nang lugng clia photon IR clia budc
s6ng mau da cam.

iv) n6 hap thu anh sang xanh la cay/xanh da trdi va cho truyén qua anh sang mau dd/vang.
v) né hap thu trong viing UV-Vis vi mémen ludng cuc phan t&r bang zero.

Mac du khéng thuc té, giad sir rang doan lién hgp clia phan tir 1a thang va dugc xir ly bdi md hinh hat
trong hdp mot chiéu nhu trong hinh 2. Trong trudng hgp nay, chiéu dai ctia hép cé thé xap xi bang L =
1.40 x n,, (theo A), trong d6 n 1a s6 lugng nguyén tlr carbon trong doan mach lién hgp

St dung thdng tin nay dé tra 1&i cac cau héi tir 5.2-5.6.

V= V=co

PSP PP P PP PP PP PP I PP

> X
0 L

Hinh 2. Bi€u d6 cia doan mach carbon lién hgp thdng cGa B-carotene trong hdp mot chiéu c6

chiéu dai L.

5.2 Tinh nang lugng (theo J) clia hai mirc nang lugng thap nhat. 13.0pt

5.3 Vé cac ham séng cda hai mirc nang lugng thap nhat va viét cac nhan chivitri  15.0pt
dac trung trén truc x.
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5.4 V& so d6 murc nang lugng dén n = 4 v&i khodng cach phu hop gitra cac mure. 8.0pt
5.5 Tong ndng lugng Tt (theo J) cdia phan tlr la bao nhiéu? 12.0pt
5.6 Tinh budc séng (theo nm) tuong &rng vai dich chuyén gitra HOMO va LUMO. 10.0pt

Str dung hat trong md hinh hdp thé hai chiéu dé tra 1&i cac cau héi 5.7-5.8.

yh

0 L

X

Hinh 3. Bi€u d6 cac nguyén tlr carbon lién hgp cla B-carotene trong hép thé hai chiéu.

Gid strraing doan mach lién hop tao thanh tir cac nguyén tir carbon sap xép nhu hinh 3. 0 d6, cac electron
1t chuyé&n déng trong hdp hinh chir nhat hai chiéu vdi kich thudc L, = 26.0 A, L, = 3.0 A (Hinh 3).

5.7 Tinh nang lugng (theo J) cac mirc nang lugng HOMO, LUMO va budc séng (theo  17.0pt
nm) tuong &ng vdi chuyén dich gitta HOMO va LUMO.

5.8 Gia tri L, (theo A) phai la bao nhiéu dé phan tr hdp thu &nh sang ing véiA,,,,= 12.0pt
455 nm néu L, dugc gilt khéng dai la 3.0 A. (Gid st rdng cac s6 lugng tlr cla
HOMO va LUMO giéng nhu & cau hoi 5.7).
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Bai 5: Konya, Ca rot, Beta-Carotene, Vitamin A, hé théng mién
dich va thi giac

5.1 (13.0 pt)

Ll ayivaii L1 by i vaiii [leyivaiv Lldyivav
L] ey ii vaiii L fyiivaiv Ll gyiivav LI hyiiiva iv
Dj)iiivév Dk)ivvév

5.2 (13.0 pt)

Viét ra qua trinh tinh toan:

5.3 (15.0 pt)
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5.4 (8.0 pt)

5.5 (12.0 pt)
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5.6 (10.0 pt)

Viét ra qua trinh tinh toan:

5.7 (17.0 pt)

Viét ra qua trinh tinh toan:
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5.8 (12.0 pt)
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Bai 6. Nhiét dong luc hoc tir chuyén du hanh giira cac vi sao

Phan 1

Trong mot gia thuyét vi tru, mét lugng diborane chua xac dinh tham gia vao phan rng sau:
B,H(g) + 6 H,O(l) — 2 HyBO,(S) + 6 Hy(Q)

Gid slr rang trong gia thuyét nay, H;BO4(s) tir phan (ng trén thang hoa hoan toan & 300 K. Nang lugng
can thiét cho sy thang hoa nhéan tur cong dugc gidi phédng bdi mét chu trinh ciia mét déng co nhiét |i
tudng, trong dé6 mot mol khi don nguyén tir I twdng dugc sir dung thong qua chu trinh dugc mo ta trong
sg d6 ap suat (P) - thé tich (V) dudi day:

* A-B; gian n& dang nhiét thuan nghich, nhan 250 ) bang cach truyén lugng nhiét (g;;) tir mét nguon
néng 1000 K (T ).

« B-.D; gidn nd doan nhiét thuan nghich.

+ D-C; nén dang nhiét thuan nghich & nhiét d6 300 K (T) gidi phdng mot lugng nhiét (g.) t6i mot
bon lanh.

* C-A; nén doan nhiét thuan nghich.

A > Te

Sau cac qua trinh truyén nhiét, nang lugng con lai dugc gidi phdng dudi dang cong (w). Ngoai ra, g, va
g c6 lién hé tdi T va T nhu sau:

Hiéu sudt cta chu trinh chinh la ti s6 gilta cong dugc gidi phdng bdi chu trinh (w) chia cho nhiét hap thu
bé&i chu trinh (g ).

Cho bién thién enthalpy cta cac phan (rng sau & 300 K.
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(1) BoHg(g) + 6 Clo(g) - 2 BCly(g) + 6 HCI(g)  A,H(1)=-1326 k] mol-1
(2) BCl4(g) + 3 HyO(l) — HyBO4(g) + 3HCI(G)  4,H(2)=-112.5 k] mol-1
(3) ByHg(g) + 6 H,O(l) — 2 HyBO4(s) + 6 Hy(g)  A,H(3)=-493.4 k] mol-!
(4) § Ha(9) + § Clx(g) ~ HCI(g) 4,.H(4)=-92.3 k] mol !
6.1 Tinh enthalpy mol thang hoa (theo k] mol-1) ciia H;BO, & 300 K. 5.0pt
6.2 Tinh A, U (ndi ndang) theo k] mol~! & 300 K clia phan &rng (2) va (4) da cho dtrén  12.0pt
(gia thiét rang cac chat khi dugc coi la khi Ii tudng).
6.3 Tinh c6ng téng thé dugc sinh ra bdi ddng co nhiét (|w|) theo J va lugng nhiét  6.0pt
téng thé gidi phdng téi bon lanh (| g |) theo J.
6.4 Tinh hiéu suat cla dong co nhiét dugc mé ta & trén. 3.0pt
6.5 Tinh bién thién entropy (AS) cho cac qué trinh A - Bva D - C trong ddng co  6.0pt
nhiét theo don vi | K1,
6.6 Tinh bién thién ndang lugng Gibbs (AG) theo J cho qua trinh A-BvaD-Ctrong 6.0pt
dbéng co nhiét.
6.7 Tinh ti s6 4p suét tai di€ém A va B trong chu trinh (&4p suét chuan: 1 bar). 5.0pt
6.8 Tinh lugng H,(g) (theo mol) sinh ra & phan &rng ban dau trong 1 chu trinh cia  3.0pt
dong co.
Phan 2

Nhirng chuyén du hanh gitra cac vi sao c6 thé dugc thuc hién bang cach sir dung diborane lam nhién

liéu tén Itra. Phan (rng chdy cla diborane nhu dudi day:

Phan (rng d6t chdy diborane dugc thuc hién trong binh kin 100 L & cac nhiét d6 khac nhau va cac diéu

B,H; (9)+ 30, (9) ~ B,03 (s) + 3H,0 (g)

kién can bang da dugc ghi lai.

8930 K 9005 K

B,Hs(9) 0.38 mol 0.49 mol

H,0(g) 0.20 mol 0.20 mol
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Ap suét rieng phan ctia O, (g) dugc 6n dinh & 1 bar va gilr khéng d6i trong moi diéu kién. Cho ring trong
gid thiét vl tru nay; A,S° va A, H® la khdng phu thudc nhiét do, entropy mol chuén (S°) clia B,0,4(s) khong
thay d6i theo ap sudt, cac khi dugc coi la khi li twdng, cac chat van & pha ban dau, khéng bi phan hay
thém trudc hoac sau phan irng, & moi nhiét dé sau doé:

6.9 Tinh K, (hang s6 can bang theo ap suét) tai 8930 K va 9005 K. 8.0pt

6.10 Tinh A G° clia phan (rng theo k] mol~—! tai 8930 K va 9005 K. (Néu ban khdong  6.0pt
tinh dugc K, s&r dung K, (8930 K) =2, K, (9005 K) = 0.5)

6.11 Tinh A G° (theo k] mol!), A, H® (theo k] mol~!), va A,S° (theo ) mol~'K™!) cia  6.0pt
phan &ng chay & 298 K. (Néu ban khéng tinh dugc K, str dung K, (8930 K) =2,
Kp (9005 K)=0.5)

6.12 Danh dau vao cau tra 10i ddng trong bang bang cach xac dinh xem cac phan  8.0pt
(rng dot chay thuan Igi hay khdng thuéan Igi tai nhiét d6 T cho duéi day & ap suat
chuéan (1 bar).

6.13  Tinh A H (kl mol™)va S°(kJ mol™! K™') cia H,0(g) strdung cac gia tricho 6 bang  6.0pt
duéi day. (A;H = enthalpy hinh thanh, S° = entropy chuan)
(Néu ban khong tinh dugc A, H® va A,S° cda phan &ng chay, sir dung AH® = 1000
k] mol~1, AS°= 150 | K! mol™)

A H (298 K) S° (298 K)
B,H; (9) 36.40 k] mol ! 0.23 k] mol 1 K!
0, (9) 0.00 kJ mol ! 0.16 k) mol t K
B,0; (s) -1273 k) mol™! 0.05 k} mol™t K™!
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Bai 6. Nhiét dong luc hoc tir chuyén du hanh giira cac vi sao

6.1 (5.0 pt)

Viét ra qua trinh tinh toan:

6.2 (12.0 pt)

Viét ra qua trinh tinh toan:

6.3 (6.0 pt)

Viét ra qua trinh tinh toan:
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6.4 (3.0 pt)

Viét ra qua trinh tinh toan:

6.5 (6.0 pt)

Viét ra qua trinh tinh toan:

6.6 (6.0 pt)

Viét ra qua trinh tinh toan:
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6.7 (5.0 pt)

Viét ra qua trinh tinh toan:

6.8 (3.0 pt)

Viét ra qua trinh tinh toan:
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6.9 (8.0 pt)

Viét ra qua trinh tinh toan:
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6.10 (6.0 pt)

Viét ra qua trinh tinh toan:

6.11 (6.0 pt)

Viét ra qua trinh tinh toan:
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6.12 (8.0 pt)
thuan lgi khong thuan Igi
298 K O O
8930 K O O
9005 K O O
9100 K O O
6.13 (6.0 pt)

Viét ra qua trinh tinh toan:
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Bai 7. Phthalocyanines

N N
; N

. NH HN
—

o

1 Emeritus Professor Ozer
Bekaroglu

Thuat nglr phthalocyanine (Pc) c6 ngudn goc tur ti€ng Hy Lap “naphtha”, c6 nghia la dau da, va "cyanine”,
c6 nghia la mau xanh dam. Nha khoa hoc Thé Nhi Ky Ozer Bekaroglu dugc coi la tién phong clia héa hoc
Pc & Thé NhT Ky.

Phthalocyanine khéng chira kim loai (1, H,Pc) la mot hgp chat vong I6n phang véi cong thire (CgH,N,), H,.

7.1 C6 bao nhiéu electron 7 trong vung in dam cdia phan t&r H,Pc trong hgp chat1  4.0pt
néu trén?

( :X [ ;7 { E z ;7 ( :X ( ;7 Ce
\ N i
|| / N CI N N\ ,'I" ‘\\\/
. N /17 “\\\N 7
N= =N/ 5
S N. . L N
/ N N
SN

CuPC TIOPC SICIZPC Ce(Pc),
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Nhitng Pc chira mdt hoac hai ion kim loai dugc goi la metallico-phthalocyanines (MPcs), ching cé mot
s6 dang hinh hoc khac nhau & trén.

7.2 Hoan thanh bang trong phiéu trd 16i bang cach xac dinh sé phoi tri clia cdcion  8.0pt
trung tam cdia cac chat tir 2 - 5.

7.3 Hoan thanh bang trong phiéu tra 1&i bang cach xac dinh sé oxi héa cia mbi  6.0pt
kim loai (Cu, Tiva Ce) trong 2, 3va 5.

7.4 Hoan thanh bang trong phiéu tra 1di bang cach xac dinh dang hinh hoc ciacac  8.0pt
hop chattlr 2 - 5.

7.5 Hoan thanh bang trong phiéu tra 16i bang cach xac dinh tinh chat tir ciia cdc  8.0pt
hop chat tir 2 - 5.
* S dung chir "p” cho thuan tir va chit "d” cho tinh nghich tur.

7.6 Viét cau hinh electron trang thai co ban cla ion silic (Si) trong hgp chat4vatim  14.0pt
tat ca cac so lugng tir cho tirng electron 2p & trang thai co ban.

Phthalocyanine khéng chira kim loai (1, H,Pc) thudng dugc hinh thanh théng qua qua trinh déng vong
4 phan t& phthalonitriles. Mat khac, cac Pc chira cdc nhém thé khac nhau dugc goi la khong déi xirng,
c6 thé dugc diéu ché bang phan trng déng vong ngau nhién cta hai phthalonitriles khac nhau. Phuang
phap nay khdéng cé tinh chon loc va san pham 1a hdn hgp cla tat ca cac dong phan cé thé.

7.7 V& cac san pham cé thé xuét hién trong phuong phap déng vong ngau nhién  19.0pt
bang cach s&rdung Fva G. Néu la ddng phan 1ap thé thi ghi thém cis- hoac trans-.
* Fva G dai dién cho phthalonitriles d6i xirng.
« Mot trong nhirng san pham la F, nhu dudi day.
+ V& cac sdn pham khac theo cuing cach vé nhu F,.

®+®_.FF+ .......

Fy4

Nhirng Pc dugc sir dung lam chat nhay quang trong tri liéu quang déng lyc (PDT) bénh ung thu do kha
ndng hap thu manh cGa chdng trong phd nhin thdy va hé sé hap thu mol cao. PDT bao gém ba thanh
phan chinh: chat cdm quang, anh sang va oxy. Khéng thanh phan riéng nao la déc hai, nhung khi két
hgp v&i nhau thi gay ra phan 'ng quang hda tao oxy singlet (:0,), mot chat gay doc té bao c6 tac dung
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tiéu diét té bao ung thu.
(d0 boi) 'O,
* Do bdi dugc dinh nghia la 25+1

« Néu 2 spin la song song (1), S =1, va néu la d6i song (11), S=0.

7.8 V& gian do orbital phan t&r (MO) cla trang thai singlet (46 b6i bang 1) c6 nang  12.0pt
lwgng thap nhat cta dioxygen (10,) va tinh bac lién két.
+ Khong con electron doc than & trang thai nay!

7.9 Néu budc séng cla anh sang can thiét dé kich thich triplet oxygen (d6 b6i bang  6.0pt
3) tdi singlet oxygen la 1270 nm, tinh nang lugng (theo kJ/mol) can thiét cho
chuyén dich nay.
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Bai 7. Phthalocyanines

7.1 (4.0 pt)

S6 electron 7 & vung béi den trong mot phan tdr H,Pc:

7.2 (8.0 pt)

Ion trung tam

Ion déng

Ion Titanium

Ion Silicon

Ion Cerium

So phai tri

7.3 (6.0 pt)

Kim loai trong cac hop chat

S6 oxi héa

7.4 (8.0 pt)

Hinh hoc

Hop chat

Bat dién

Lang tru vuéng

Thap day vudng

Vuéng phéang
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7.5 (8.0 pt)
Hop chat Tinh chat twr
2
3
4
5
7.6 (14.0 pt)

CAau hinh electron:

Cac s6 lugng tir cho electron 2p:
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7.7 (19.0 pt)

Cac san pham
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7.8 (12.0 pt)

Giadn d6 MO:

Bac lién két:

7.9 (6.0 pt)

Viét ra cac qua trinh tinh toan

Nang lugng = ....cceeveveccenennee kJ/mol
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Bai 8. Cac hop chat Boron va Luu trir Hydrogen

BLE OF ELEMEN® "

‘y Turkey has 73% of the world’s boron reserves.

Sodium borohydride (NaBH,) va ammonia borane (BNH;) la hai vat liéu hoa hoc luu trir hydrogen dugc
nghién c&ru nhiéu nhat. Trong bai nay, ban sé kham pha hoa hoc ctia boron va (rng dung cac hgp chat
boron trong vat liéu luu trir hydrogen.

Borax ngam nudc (Na,B,0,-nH,0) la mét loai khoang dugc san xuat bdi cong ty Khoang chat ETI &
Thé Nhi Ky. NaBH, c6 thé dugc téng hgp bang cach khir borax khan véi natri kim loai trong khi quyén
hydrogen & ap suat cao va su c6 mat clia silicon dioxide (silica) & 700 °C, dugc goi la qui trinh Bayer. Trong
qui trinh nay, toan bd hydrogen dugc luu trit trong NaBH,. Mat khac, ammonia borane (BNH;) cé thé
dugc téng hgp bang phan (ng gitta NaBH, va ammonium sulfate trong tetrahydrofuran khé (THF) & 40
°C (G@iy: Phan (rng tong hgp BNH, phai dugc thuc hién trong td hét vi trong qui trinh ¢ san pham la khi
dé chay dugc sinh ra). Trong khi NaBH,, la hgp chat ionic, ammonia borane la sdn pham cdng acid-base
Lewis.

8.1 Viét va can bang phuaong trinh phan &ng téng hgp NaBH, tir borax khan. 3.0pt

8.2 Viét va can bang phuong trinh phan &ng téng hgp ammonia borane tir NaBH,.  3.0pt

83 V& cong thirc 1ap thé ctia ion BH; va phan t&r BNHg. 4.0pt

8.4 Tinh phan tram khoi lugng (wt%) cia hydrogen trong NaBH, va BNHj. 4.0pt

Hydrogen dugc Iuu trir trong ca hai hgp chat trén cé thé dugc gidi phong thong qua cac phan ing thuy
phan véi sy c6 mat cla chat xuc tac thich hgp & nhiét do phong. Phan &ng thiy phan 1 mol NaBH, thu
dugc 4 mol khi H,, thuy phan 1 mol BNH, thu dugc 3 mol khi H, , cing v&i mot anion metaborate c6
chira cac lién két B-O (& ca hai phan (ng).
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8.5 Viét va can bang cac phuong trinh phan (rng thuy phan NaBH, va BNH,. 4.0pt

Mot trong nhirng borate bén va don gidn nhéat la diboron trioxide (B,O;). Cac borate cao hon nhu la
B0~ 6 cau trdc vong chira lién két B-O. Vi B,O, la hgp chét c6 tinh axit, né rat dé phan &ng vai nudc
dé sinh ra boric acid (H;B0;). Mat khac, & nhiét d va ap suat cao phan (rng cia B,O, véi ammonia sinh
ra boron nitride (bo nitrua) 2 chiéu, cé cau trac tdm phang giéng ki€u graphit trong dé cac nguyén tir B
va N sap xép xen ké.

8.6 Viét va can bang cac phuong trinh phan &rng téng hgp boric acid va boron  4.0pt
nitride.

8.7 V& cong thirc cdu tao cha ion B;O2~, boric acid, va mét tdm phang boron nitride  6.0pt
2 chiéu. Ggi y: V& it nhat 10 nguyén tlr B trong cau truc boron nitride.

Hon nira, cac hgp chat B-H, dugc goi la borane, la mot loai hgp chat quan trong clia boron. Borane bén
don gian nhat la diborane (B,Hg), nhiéu loai boran cao hon c6 thé dugc diéu ché bang cach nhiét phan
diborane. Diborane cé thé dugc téng hgp théng qua phan &ng trao ddi clia boron halide (bo halogenua)
va hop chéat hydride (hidrua).

8.8 Viét va can bang phuong trinh phan (rng tong hop diborane tir phdn irng cila  3.0pt
BF; va LiBH,. Ggi y: ca hai san pham déu la hgp chat cla boron.

8.9 V& cau trac lap thé cda phan tlr diborane. Ggi y: khong c6 lién két B-B trong  2.0pt
phan tur.

BH; (borane) 1a mot phan t&r khéng bén va rat hoat dong. Do d6, khong thé phan Iap BH, trong diéu
kién thudng. Tuy nhién, né c6 thé dugc lam bén théng qua phan &rng véi carbon monoxide dé tao ra hgp
chéat borane carbonyl (BH;CO), Ia mdt sdn phdm cdng ctia borane. Viéc diéu ché BH,CO déng mét vai tro
quan trong trong viéc khdm pha héa hoc clia borane vi né chi ra sy ton tai ciia phan tir borane.

8.10 V& cdng thuc Lewis cta phan t&r BH,CO chi rd dién tich hinh thirc. 3.0pt

8.11 Phat bi€u nao sau day la dang vé lién két C—O cda phéan tlr CO sau khi hinh  2.0pt
thanh lién két gitra BH, va CO?

Borazine céng thirc la B;N3Hg €6 cau tric tuong tu benzene, trong dé cac lién két B—N don va doi xép
xen ké va cac nguyén tr hydrogen lién két véi cac nguyén tir B va N. Borazine cé thé dugc tong hgp theo
quy trinh gém hai budc, dau tién 1a tdng hgp cac dan xuat thé triclo d6i xirng clia borazine (B;N;H,Cls)
tUr phan &rng cia ammonium chloride va boron trichloride, sau dé khir B;N,H,Cl; bang LiBH, trong THF.
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8.12  Viétva can bang cac phuong trinh trong qui trinh 2 budc dé tong hop borazine  4.0pt
bat dau tr ammonium chloride trong THF (tetrahydrofuran). Ggi y: THF lam
bé&n mot trong s6 san pham cta phan rng do tao moét hgp chat cdng acid-base
Lewis.

8.13 V& cong thirc cdu tao clia borazine va dan xuét thé triclo d6i xirng cdia no. 4.0pt

Chat xuc tac la cac chat lam tang toc d6 phan irng bang cach cho phép chiing tién hanh theo con dudng
nang lugng thap hon. Hoat tinh xuc tac cda cac chat xuc tac thuong dugc xac dinh bdi tan s6 quay vong
(TOF), dugc tinh bang cach chia sé mol cGia sdn pham cho sé mol cia chat xdc tac hoat dong va thai gian
(TOF = s6 mol sdn pham /(s6 mol chat xuc tac x thdi gian)). Thuc hién phan &rng thdy phan 10.0 mL dung
dich BNH; 100.0 mM c6 mat 5.0 mg chat xtc tadc CuPt/C (hat nano hgp kim CuPt dugc phud trén mudi
carbon chira 8.2 % Pt vé khéi lugng ) thi cé 67.25 mL khi hydrogen sinh ra trong 5 phut.

8.14

Gia thiét phan rng xuc tac dugc thuc hién trong diéu kién tiéu chuan (1 atmva  4.0pt
273.15 K), tinh gia tri TOF (min—!) cla xuc tac CuPt/C theo nguyén tir Pt trong

qua trinh thuy phan BNH, bang cach sir dung thé tich cta hydrogen sinh ra

trong qua trinh.

Viéc phan tich cdu tric tinh thé cda cac hat nano hgp kim Cu,Pt, (cac chi s6 dudi chinh la ty 1& mol cta
cac nguyén tlr trong cau truc hgp kim) cho thdy mot 6 mang lap phuong tam mat (fcc) dugc tao nén badi
cac nguyén tir Pt vgi cac nguyén tdr Pt & mat clia & mang fcc dugc thay thé hét bang cac nguyén tdr Cu.
TU cac dir kién nay, hdy tra |oi cac cau hdi sau day.

8.15 Xac dinh thanh phan cGa hat nano hgp kim bang cach tim cacgidtrixvaytrong  2.0pt
cong thuc Cu, Pt,.

8.16 V& mot 6 mang tinh thé cdia cac hat nano hgp kim Cu,Pt, dugc mé ta nhu trén  2.0pt
6 thé hién rd vi tri cha cac nguyén tlr trong 6 mang.

8.17 Mb&t hgp kim c6 thanh phan khac la Cu,Pt,. Gia thiét la hgp kim nay c6 6 mang  4.0pt

fcc véi chiéu dai 6 mang la 380 pm, trong dé nguyén tir Cu va Pt sép x€p ngau
nhién trong 6 mang. Tinh khéi lugng riéng clia hgp kim theo g/cm3.
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Bai 8. Cac hop chat Boron va Luu trir Hydrogen

8.1 (3.0 pt)

8.2 (3.0 pt)

8.3 (4.0 pt)

8.4 (4.0 pt)
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8.5 (4.0 pt)
8.6 (4.0 pt)
8.7 (6.0 pt)
B,03~ Boric acid Boron nitride
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8.8 (3.0 pt)

8.9 (2.0 pt)

8.10 (3.0 pt)
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8.11 (2.0 pt)
O Lién két dai ra vi cé su cho electron = ngugc lai tir BH,; dén CO.
0O  Lién két dai ra vi CO cho BH, electron lién két 7.
O  Khong c6 hoac thay déi rat it vi CO cho BH, cap electron khong lién két.
O  Lién két ngan lai vi CO cho BHj electron phan lién két 7*.

8.12 (4.0 pt)

8.13 (4.0 pt)

8.14 (4.0 pt)
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8.15 (2.0 pt)
8.16 (2.0 pt)

8.17 (4.0 pt)
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Bai 9. Xac dinh ham luwgng cac ion kim loai nang

D€ dinh lugng cac ion kim loai trong bé nudc thai cia mét nha may, ngudi ta thuc hién theo qui trinh
sau & 298 K:

Bud'c 1) Lay tai 5 dia diém khac nhau trong bé nudc thai, méi dia diém I1ay 10-mL mau va tron déu cac
mau trong c6c 100-mL, khudy trong 5 phat bang khuay tir.

Budc 2) Ldy 10-mL mau & trong c6c 100-mL & trén, thém 142 mg Na,SO, va khudy déu, sau dé chuyén
sang binh do chira 3 dién cuc nhu Hinh 1a. Trong binh nay, dién cuc lam viéc la day Pt, dién cuc so sanh
la Ag/AgCl (KCI 3M) va dién cuc ddi la ban Pt.

Buwdc 3) Cac dién cuc nay dugc néi véi may do, va dat thé c6 dinh la -0.50 V so véi Ag/AgCl trong 14 phut
nhu Hinh 1b (dudng nam ngang). Gia thiét rang 14 phat la dd dé cac phan rng dién hoa xay ra hoan
toan.

-
!
05 ’
-
=
-
3
[=]
By
0.5 T T T T T T >
0 2 4 6 8 1 12

Time/min.
Hinh 1. a) Thiét ké binh do dién ho4; 1) Dién cuc lam viéc (day Pt), 2) dién cuc so sanh (Ag/AgCl,
KCI 3M), 3) dién cuc déi (ban Pt), 4) nap day, 5) binh do, 6) 10-mL dung dich mau. b) Thé cla
dién cuc lam viéc thay déi theo thai gian. Truc-y: potential/V vs Ag/AgCl (Thé/V so véi Ag/AgCl),
truc-x: time/min (thai gian/phat).

Budc 4) Hé dién cuc nay dugc 13y ra, roi rira bang nudc cat va dat vao mét binh do khac chira 10-mL
dung dich H,SO, 0.1 M, va quét thé tlr -0.50 dén +0.50 V trong 2 phut, nhu Hinh 1b (dudng déc xudng).
Pudng dong - thé thu dugc & budc nay dugc cho trong Hinh 2a, cé hinh dang giéng v&i mét khung canh
ki vi clla ngon nui cao nhat & Thé Nhi Ky la Binh Ararat (Agri Dagi) (Hinh 2b).



Theory IChO 2020

9 -3 M ™
I e -

VNM (Vietham)

35

3.0 4

4.5 4

2.0

g
E 1.5
@
1.0 4
0.5 A
SLan |
==l
direction
0.0 4
005y
w,
%,
0.5 T T T T 1
LR ] 0.3 -1 1 o3 0.5
Potential (V)

Hinh 2. a) Dong dién thu dugc khi quét thé ctia dién curc lam viéc trong dung dich H,SO, 0.1
M sau khi thé dugc gilr ¢6 dinh &-0.50 V trong 10-mL mau nudc thai nhu Hinh 1b (dudng ndm
ngang). Truc-y: current/uA (dong/uA), truc-x: potential/V vs Ag/AgCl (thé/V so véi Ag/AgCl), b)
Hinh anh cdia hai ngon nui Great and Little Ararat.

Budc 5) Ly 10-mL mau khac tlr budc 1, thuc hién lan lugt budc 2 va 3 tuong tu nhu trén. Hé dién cuc
dugc rira bang nudc cat va dat vao 10-mL dung dich H,SO, 0.1M. Thé cla dién cuc lam viéc dugc gitr c6
dinh & +0.05 V trong 14 pht. Gia thiét rang 14 phut 1a dd dé cac phan rng dién hoa xay ra hoan toan.
Bud'c 6) Sau khi thuc hién budc 5, dung dich trong binh do dugc dat vao 10 thich hgp dé lam bay hai &
150 °C cho dén khi thu dugc chat ran kho.

Budc 7) Thém 5-mL dung dich EDTA (H,Y, ethylenediaminetetraacetic acid) (Hinh 3) vao chat ran thu
dugc & budc 6 va lac cho dén tan hoan toan. Biét rang 1-mL dung dich EDTA tuong duong vdi 3.85
mg/mL BaCO,. Sau d6, diéu chinh pH cta dung dich dén 10.0. Lugng du EDTA dugc chuan d6 véi dung
dich chuan Ni(NO,), 0.0010 M thi hét 95.60 mL dung dich Ni(NO,), dé dén diém cudi chuan do.

O

o) HLOH

HOJ\/N\/\N/\H/OH
HO\[H o
0

Hinh 3. Cau tric ctia EDTA (H,Y).
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« Trong nudc bédo hoa H,S, néng d6 can bang cla [H,S] 1a 0.1 M.
* K, (NiS)=4.0x 10 20, K,p(CuS)=1.0x10 36
« K,,(H,S)=9.6 x 10%; K_, (H,S) = 1.3 x 1014

Phan trng E°/V (& 298 K)
2H,0()+2e~ - H,(g)+20H™ (aq) -0.83

Ni2* (aq)+2e~ - Ni(s) -0.24

2H* (ag)*+2e - H, (9) 0.00

Cu?* (aq)+2e~ - Cu(s) +0.34

Agt (ag)te - Ag(s) +0.80

0, (g)+4H* (ag)+4e~ - 2H,0(l) +1.23

9.1 Phat biéu nao sau day la ding cho peak 1 va peak 2 trong Hinh 2a? Panh ddu  5.0pt
vao 6 dung trong phiéu tra 1oi.

9.2 Qua trinh nao xay ra néu & giai doan th& nhat (dudng nam ngang) trong Hinh  5.0pt
1b thi thé dugc ap la -1.2 V thay cho -0.5 V? Panh dau vao 6 dung trong phiéu
trd oi.

9.3 Tinh t6c 46 quét clia phép do thu dugc két qua & Hinh 2a theo mV/s & 298 K. 8.0pt

Thé cla pin ¢6 so d6 nhu sau do dugc la 0.437 V.
Pt,H, (0.92 bar)|HCI(1.50x10-2M),AgCl(sat) | Ag

9.4 Tinh gia tri thé dién cuc chudn (V) cda nira phan irng AgCl(s)+e~ - Ag(s)+Cl~  16.0pt
(aq) & 298 K.
Chd y: Cac tinh toan phai dugc ghi chi tiét

9.5 Muc dich chinh ctia budc 5 trong qui trinh phan tich |a gi? Panh dauvao 6 ding  5.0pt
trong phiéu tra |oi.

9.6 Viét cac phuong trinh ion cho phan &ng tao phirc va phan chuan dé ngugc &  6.0pt
budc 7 vao phiéu tra 1di.

9.7 Tinh n6ng dé Ni?* theo mg/L trong nudc thai cia nha may. 25.0pt
Chd y: Cac tinh toadn phai dugc ghi chi tiét.
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SR I [ -
VNM (Vietham)

9.8

Tinh gia tri pH t6i thi€u can thiét 1ap cho dung dich thu dugc & budc 5 dé khi  30.0pt
suc khi H,S vao dung dich dén bao hoa thi bat dau két tta ion Ni?* trong dung

dich. Néu ban khdng gidi dugc cau 9.7, dung néng dé Ni?* 20 mg/L cho cau nay.

Chd y: Cac tinh toadn phai dugc ghi chi tiét.
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TC Ao -

VNM (Vietham)

Bai 9. Xac dinh ham luwgng cac ion kim loai nang

9.1 (5.0 pt)

Peak 1: su khir ctia Ni / Peak 2: su kh(r cdia Cu

Peak 1: su khir cila Cu / Peak 2: su khir cQia Ni

Peak 1: su khir ctia Ni / Peak 2: su oxi hoa ctia Cu
Peak 1: sur oxi hod cda Ni/ Peak 2: su oxi hoa ctia Cu

Oo0oOo0ood

Peak 1: su oxi hod ctia Cu / Peak 2: su oxi hoa cla Ni

9.2 (5.0 pt)

Gidi phéng NO

Gidi phéng NO,

Gidi phong khi Nito
Giai phong khi Oxy
Gidi phéng khi Hidro

ooooao

9.3 (8.0 pt)

Tinh todn cu thé:

TOC A0 QUL = et mV/s
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- U n =
TC Ao -

VNM (Vietham)

9.4 (16.0 pt)

Tinh todn cu thé:

Thé dién cuc chudn =.......ccooueueueneeee. v

9.5 (5.0 pt)

Pha day Pt bang mang hgp kim Ni-Cu

Phd day Pt bang mang Ni

Qua trinh hoa tan dién hoa ca Cu va Ni tir day Pt phd Cu-Ni vao dung dich.
Qua trinh hoa tan dién hoa Cu tir day Pt phu Cu-Ni vao dung dich.

Qua trinh hoa tan dién hoa Ni tir ddy Pt phd Cu-Ni vao dung dich.

ooooao

9.6 (6.0 pt)

Qua trinh tao phuc:

Chuédn d6 ngugc:
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ao s (11 A9-3

VNM (Vietham)

9.7 (25.0 pt)

Tinh todn cu thé:

NONG A0 NiZ: e mg/L:
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TS PP | N (O A9-4

VNM (Vietham)

9.8 (30.0 pt)

Tinh todn cu thé:

Gid tri pH t&i thi€Uu: ....ccevevereerrenene,
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