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Huéng dan chung
« Thisinh chi sir dung bat mét mau dé viét cau tra 1oi.
+ May tinh khéng dugc cé chirc nang 1ap trinh.
* Bai thi c6 9 cau.
« Thi sinh c6 thé lam cac cau khéng theo thir tu.
* Thisinh c6 5 gi& dé lam bai.
+ Thi sinh bat dau lam bai khi c6 1énh START.

* Tat ca cac phan trd 16i phai viét vao cac 6 tra 16i tuong (ng trong to bai lam bang bit da cho. Néu
can gidy nhap, thi sinh c6 thé sir dung mat sau cla t& cau hdéi. Cha y la cau tra |5i viét ngoai 6 tra

|&i s& khéng dugc chdm diém.

« Trinh bay cac tinh toan c6 lién quan trong cac 6 tra |&i. Diém t6i da chi dugc cho khi bai lam dugc

trinh bay day da.
* Giam thi théng bao 30-phut trudc khi c6 [énh STOP.

* Thi sinh phai dirng lam bai khi cé 1énh STOP. Néu thi sinh khéng durng viét khi thoi gian két thac

thi bai thi s& khong dugc cham diém.

* Ban chinh thirc bang tiéng Anh clia bai thi chi dugc cung cap cho thi sinh khi can lam ré cau héi.

* Thi sinh khéng dugc phép ra khai vi tri khi khéng cé su cho phép ctia giam thi. Néu thi sinh can hé
trg (may tinh hdng, di vé sinh, v.v...), thi sinh gio tay xin phép va dgi dén khi gidam thi dén.

CHUC MAY MAN!

Cau héi va Thang diém

Tiéu dé Piém tdng | Phan tram

1 | Hydrogen tai bé mat kim loai 24 1
2 | Vién nang dong vi 35 1
3 | binh luat Lambert-Beer 22 8
4 | Hoa hoc oxi hoa khtr ctia Zinc 32 11
5 | Silicon huyén bi 60 12
6 | Hoa hoc chat ran cda cac kim loai chuyén tiép 45 13
7 | "Choi dua” vai hé thom khong benzen 36 13
8 | bong luc hoc phan tlr hitu co va tinh khéng trung vat anh cdia chiing 26 11
9 | Giéng va khong giéng vién nang 23 10
Téng 100
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Hang sd vat ly va Phuong trinh

Hang sé

T6c do anh sang trong chan khéng

¢ = 2.99792458 x 105m s~

Hang s6 Planck

h = 6.62607015 x 10734) s

Dién tich nguyén to

e = 1.602176634 x 10719 C

Khéi lugng electron

me = 9.10938370 x 1031 kg

Hang s6 dién (kha nang cho phép cla chan ¢, = 8.85418781 x 10712 F m™'

khoéng)

Hang s6 Avogadro

N, = 6.02214076 x 1022 mol~"

Hang s6 Boltzmann

kg = 1.380649 x 10723 ) K~

Hang s6 Faraday

F = Nj x e = 9.64853321233100184 x 10* C mol~!

Hang s6 khi

R = N, x kg = 8.31446261815324 ) K=" mol~"
= 8.2057366081 x 10~2L atm K=" mol~’

bon vi khoi lugng nguyén tir théng nhat

u = 1Da = 1.66053907 x 10727 kg

Ap suét tiéu chuan

p = 1bar = 10° Pa

Ap suét khi quyén

Patm = 1.01325 x 10° Pa

Nhiét do khéng 0°C = 273.15K
Angstrom 1A=10""m
Picometer I1pm=10"1m

Electronvolt

1eV = 1.602176634 x 10719

Part-per-million Lppm =10"°
Part-per-billion 1ppb =107°
Part-per-trillion 1ppt=10-12

pi

m = 3.141592653589793

Co so6 logarit tu nhién
(s6 Euler's)

e = 2.718281828459045
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Phuwong trinh

Dinh luat khi Ii tudng

PV =nRT
, VGi P 1a ap sudt, V 1a thé tich, n 1a s6 mol chat, T nhiét do tuyét ddi cla
khi If tudng.

Pinh luat Coulomb's

_ . 1%
F = ke~ 5"
, V@i F lyc tinh dién, k. (~ 9.0 x 10° Nm? C~2) la hdang s6 Coulomb's, ¢, va
q, 1a gia tri dién tich, va r la khoang cach gitra cac dién tich.

Nguyén ly th& nhat cda
nhiét ddéng luc hoc

AU =q+w
, Vi AU la bién thién ndi ndng, ¢ la nhiét cung cap, w la cong thuc hién
dugc.

Enthalpy H H=U+PV
Entropy S theo nguyén S =kzInW
ly Boltzmann's , V&i W la s6 trang thai vi mo.
Bién thién entropy AS AS = %
, V@i q,e, |2 Nhiét clia qua trinh thuén nghich.
Nang lugng tu do Gibbs G=H —-TS

G

AG° = —RTINK = —zFE°
, VGi K la hang s6 can bang, z 1a s6 electron, E° |a thé dién cuc tiéu chuan.

Chi s6 phan irng Q

AG=AG" +RTINQ

Cho phan rng

aA+bB = f]C + dD

o ey
- a b
[A[BJ o

, V@i [A] la ndng d0 cua A.
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Bi€n thién nhiét Aq Ag = ne, AT
, V3i ¢, 1a nhiét dung mol khéng phu thudc vao nhiét dé.
RT
Phuong trinh Nernst E=FE°+ —|n =%
9 * 2F Cred

cho phan (ng oxi hoa
kher

, VGi Cy, 12 Ndng d0 chat oxi hod, Cq 1a N6ng d6 chat khr.

Phuong trinh Arrhenius

E
k=Aexp|—=2
P () ,
, V@i k 1a hang s6 toc dd, A la hé so trudc mi, E, 1a nang lugng hoat hoa.
exp(z) =e*

Phuong trinh Lambert-
Beer

A=celc
, V&i A la 6 hap thu quang, ¢ la hé s6 hap thu mol phan tl, I 1a d6 dai
truyén quang, ¢ la néng dé chat.

Phuong trinh  Doi vGi can bang
Henderson-Hasselbalch  HA = H* + A~

, Vi hang s6 can bang la K,

A7

pH = pK, + log ([HA]

Nang lugng cia mét E=hv= ns
hoton L 1N am A ~ N p p . .

P , V@i v la tan s, A la budc séng anh sang.
Tong cia mét chudi hinh  Khi z # 1,

" ) 1— n+1
hOC 1+J]+$2+"'+xn:zi:0wl:%
Phuong trinh gan ding  Khiz « 1,
dé giai cac bai tap LIS

1—=x
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VNM-3 C-0 G-7

a hoc "TH NMR

Do chuyén dich ho

(wdd) ¢
0 b 4 g 4 9 i ot L 4 gl
[ | _ | _ | _ | _ | |
€ ©i € © 4 -
HO—IS®d  ®HO-d HO-N%d H OHD
—
EHO—1v ®HO-oH H—lvY
CH)——
EHO-004

HO-d

°HN-H CHN—1Y

HO—1v

°HNOO-

HPOS-
HOOO-
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A§ cho mdt nhém thé alkyl : ca. +0.4 ppm
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Hydrogen tai bé mat kim loai

11 % toan bai
Cau hai A.1 A.2 B.1 B.2 B.3 B.4 Piém t6ng
biém tdi da 6 4 5 3 3 3 24
Diém
cham

= |
)

)
oo

v

Hydrogen dugc mong dgi la ngudn nang lugng trong tuong lai, khong phu thudc vao nhién liéu héa
thach. O day, chiing ta s& xem xét qua trinh luu trit hydrogen bai kim loai, 6 lién quan dén cong nghé
luu trir va van chuyén hydrogen.

Phan A

Hydrogen dugc hap thu vao trong khoi kim loai qua bé mat cta kim loai, trudc tién xay ra qua trinh hap
phu cta hydrogen trén bé mat kim loai, H,(g) — 2H(ad), trong d6 thé khi va thé hap phu dugc ki hiéu
tuong Ung la (g) va (ad). Cac phéan t&r hydrogen (H,) di dén bé mat kim loai (M) s& phan li & bé mat va
dugc hap phu dudi dang nguyén tir H (Hinh 1). & day, thé nang ctia phan tir H, dugc biéu thi qua 2 bién:
khodng céch gilra 2 nguyén tr H, d, va chiéu cao tuong d6i clia H so v&i nguyén tlr kim loai bé mat, 2.
Cho rang truc doc n6i hai nguyén tir H song song véi bé mat kim loai va trong tdm luén nam trén dudng
nét drt trong Hinh 1. Hinh 2 |a bi€u d6 thé nang cho sy phan li tai bé mat. Cac gia tri s6 biéu thj thé nang
theo dan vi k] cho 1 mol H,. Khodng cach gilra cac dudng nét lién 1a 20 k) mol~', khodng cach gitra cac
dudng nét dirt 1a 100 k) mol~", va khodng cach gilta dudng nét lién va nét dut 1a 80 k) mol~'. Nang lugng
dao déng diém khoéng dugc bo qua.
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A1 P&i v&i moi muc (i) - (iii) sau day, hdy chon gia tri gan nhat tir cac giatriA-G.  6pt
(i) Khodng cach gilra hai nguyén tlr trong phan tlr H, & thé khi
(if) Khodng cach gilra cac nguyén tr kim loai (d,, trong Hinh 1)
(iii) Khodng cach clia nguyén tr H hap phu t&i bé mat (k.4 trong Hinh 1)

A.0.03nm B.0.07nm C.0.11nm D.0.15nm
E.0.19nm F.0.23nm G.0.27 nm

A2 Vé&i mbi muc (i) - (i) sau, hdy chon gia tri gan nhat tir cac gia tri A - H. 4pt
(i) Nang lugng can thiét dé phan liH, & thé khi thanh H & thé khi
H,(g) - 2H(g) ,
(i) Nang lugng gidi phéng trong qué trinh hap phu H, thé khi
H,(g) — 2H(ad)

A.20kJmol~"  B.40kJmol-'  C.60 kJmol’ D. 100 k) mol~"
E. 150 kfmol~" F. 200 kjmol~' G. 300 kjmol~!" H. 400 k] mol~’
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Phan B

Cac nguyén tir hydrogen bi hap phu sau d6 hodc dugc hap thu vao trong khoi kim loai, hoac tai két hgp
gidi hap phu trd lai vao pha khi, nhu cac phan &rng (1a) va (1b). H (ab) tuong (rng v&i nguyén tir hydrogen
dugc hap thu vao trong khéi kim loai.

k4

H,(g) = 2H(ad) (1a)
k;
k3

H(ad) — H(ab) (1b)

Toc d6é phan ang trén moi vi tri bé mat cho cac qua trinh hdp phu, gidi hdp va hap thu lan luot la
r,[s7",ry[s71] va ry[s7] tuong Ung nhu sau:

ry =k Py (1—6)? (2)
Ty = kyf? 3)

trong d6, k, [s~' Pa~'], ky [s7"] va k3 [s'] la cdc hdng s6 téc d6 phan (rng va Py la &p suét cGa H,. Trong
s6 cac tdm sdn cé trén bé mat, 0 (0 < A < 1) 1a ti & phan tdm bi chiém bé&i cac nguyén tir H. Gia thiét rang
cac qué trinh hap phu va gidi hap phu la nhanh so véi hap thu (ry, 7, > 73) va 6 1a khong thay déi.

B.1 75 €6 thé dugc biéu thi nhu sau: 5pt

ry = ———— ()

Lap ludn dé biéu dién C theo &, va k,.
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M&t mau kim loai c¢é dién tich bé mat S = 1.0 x 10-3 m? dugc dat trong mét binh chira H, cé thé tich
1.0 x 107*m? v&i Py = 1.0 x 10% Pa. Mat d6 tdm hap phu cho nguyén t&r hydrogen trén bé mat la N =
1.3 x 10 m~2. Nhiét dd bé mat dugc gitt 8 T = 400 K. Khi phan &ng (1) xay ra, Py, giam véi téc dd khong
déila v =4.0 x 10~*Pa s~'. Cho rang H, la khi li tudng va thé tich cia mau kim loai khong dang ké.

B.2 Lap luan tinh s6 mol nguyén t& H bi hap thu trén moét don vi dién tich bé mat  3pt
trong mét don vi thai gian, A [mol s~' m~—2]

B.3 Tai 7T = 400K, C=1.0 x 10?Pa~". Lap ludn tinh gia tri cla k, tai 400 K. Néu thi  3pt
sinh khéng lam dugcy B.2, s&rdung A = 3.6 x 107" mol s~' m—2.

B.4 Tai mot nhiét d6 T khac, cho biét cac gid tri C = 2.5 x 10°Pa~" va k; = 4.8 x  3pt
10-%s". Xem r; nhu mét ham cta Py, & nhiét do nay, 1ap ludn chon db thi
didng trong s6 cac do thij tu (a) - (h).

x 1073 x 1073 h  (®
(d)

6.0 (C) 6.0 / (ﬂ

/
. —

ry/s’
ry/s’

(b)

/
2.0 P —— (a) 2.0
i

AN

0 1.0 2.0 x 1076 0 1.0 2.0 x 1076

Py, /Pa P, /Pa
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Hydrogen tai bé mat kim loai

Phan A

A.1 (6 pt)

(iii)

A.2 (4 pt)

(i)

(i)
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B.2 (3 pt)

A= mol s ' m—2

B.3 (3 pt)

7
w

|

9
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B.4 (3 pt)
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Vién nang dong vi

11 % toan bai
Céu hdi A1 A.2 A.3 A4 Piém tfing
biém tdi da 8 8 10 9 35
Diém
cham

Cac phan tlr néu chi khac nhau vé thanh phan déng vi, chdng han nhu CH, va CH5D, dugc goi la cac chat
dong vi cdia nhau. Cac chat dong vi dugc coi la ¢6 cac dac tinh hda hoc giéng nhau. Tuy nhién, vé ban
chat, c6 mot su khac biét nhé.

Cho rang tat ca cac chat trong cau héi nay déu & thé khi.

Xét can bang sau:

[12C1601SO]2
~ [12CT60,][12CT80,)]

12c1602 +12 C1802 = 212c160180 K

Entropy, S, tdng Ién khi tang sé lugng cac trang thai vi mo c6 thé cb ciia moét he, W:
S =kglnw (2)

W =1 cho '2C'®0, ciling nhu cho '2C'80,. Ngugc lai, W = 2 cho m6t phan td&r 2C'®0'80 vi cac nguyén tr
oxygen la cé thé phan biét dugc trong phan tr nay. VE phai cta can bang (1) c6 hai phan tdr 2C'¢0"80,
W =22 =4,
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A1 Bién thién enthalpy, AH, cda (3) 1a duong & bat ké nhiét d6 nao. 8pt
H, + DI = HD + HI 3)
Lap luan tinh cac hang sé can bang, K, cho (3) tai nhiét d6 rat thap (T" — 0)
va rat cao (T — +o0). Gid sir rang AH hdi tu dén mét gia tri khong doi déi voi
nhitng nhiét do rat cao.
AH cla qua trinh sau day c6 thé dugc gidi thich bang dao déng phan tdr.
2HD = H, + D, i = [2l0] (4)

Tai T = 0 K, nang lugng dao dong clia phan tlr 2 nguyén tlr ¢é tan sé dao dong la v [s~'] dugc biéu thj
bang:

E= %hu (3)
1 k

Trong d6 k la hang s6 luc va p la khéi lugng rat gon, dugc biéu thi theo khéi lugng cda hai nguyén tir
trong phan td, m, va m,, theo biéu thirc:

m-,m.
p=—1"2 )

my + mgy

A.2 S6 séng dao déng ctia H, 1a 4161.0 cm~'. Lap ludn tinh AH cla phan &'ngsau  8pt
tai 7 = 0 K theo donvij 1a) mol~".

2HD — H, + D, (8)

Gia slr rang:
+ Chicé nang lugng dao dong déng gop vao AH.
* Gia tri k clia H,, HD, va D, la nhu nhau.
+ Khéi lugng cta H la 1 Da va khoi lugng ctia D la 2 Da.
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Q,\GS

Ti 1& mol clia H,, HD, va D, & trang thai can bing phu thudc vao nhiét do. & day, Ap, dugc dinh nghta 1a
su thay dai ti 1é mol cGa D,.

Do, = 72 1 ©)
2 REz
7 N D = b N D = 7 . A ’ & ~
Trong do, ip, la h‘lj trong mau va Ry, la h‘lj trong mau dé nhung tai T — +oo. Can luu y rang su phan

bd clia cac ddng vi trd nén ngau nhién tai T — +oo.

A3 Lap luan tinh Ap, v&i ham lugng D tu nhién khi trao d6i déng vi tai trang thai  10pt
can bang & nhiét d6 ma hang s6 can bang K cua (4) la 0,300. Gia st rang ti 1é
ham lugng ty nhién clla D va H lan lugt la 1.5576 x 104 va 1 —1.5576 x 10 4 twong
ng.
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No6i chung, ti 1é mol clia chat dong vi hai lan thé, chira hai nguyén tir déng vi nang trong mét phan tur,
tang khi nhiét do giam. Chiing ta hdy xem xét ti 1é mol clia cac phan t&r CO, c6 khoi lugng phan tir la 44
va 47, dugc mo ta dudi day la CO,[44] va CO,[47]. Pai lugng A, dugc dinh nghia la:

_ By _
Ay = e 1 (10)
. [CO,[47]] x s . [CO,[47]] Xz . R A
R, la —%—= trong mau va R}. la —=—= trong mau d6 nhung tai T — +o0o. Ham luong tu nhién
1719 1C0, (44 O 1719 1C0, [44] O J ?

cla cac nguyén tir carbon va oxygen dugc trinh bay dudi day; bd qua cac déng vi khéng dugc hién thi &
day.

12C 13C
Ham lugng ty nhién | 0.988888 | 0.011112

160 170 180
Ham lugng tu nhién | 0.997621 | 0.0003790 | 0.0020000

Su phu thudc vao nhiét d6 cta A,, dugc cho nhu sau, trong d6 T la nhiét d6 tuyét déi theo don vi K:

2
Ay = ?’T6—2 +2.920 x 10~ (11)

A.4 R,, cla hoa thach sinh vat phlu du thu dugc tir day bién Nam Curc la 4.50865 x  9pt
10-°. Lap ludn tinh nhiét dé bang cach s dung R,,. Nhiét d6 nay dugc hiéu la
nhiét d6 khong khi trong thoi ki sinh vat phu du sinh séng. Chi xem xét chat
déng vi pho bién nhat cta CO,[47] dé tinh toan.
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T—0: K= I — 400 K =
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J mol™’
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8 % toan bai
Céu hdi A1 B.1 B.2 T5ng
biém t8i da 10 6 6 22
Diém
cham

Trong cau héi nay, bd qua sy hap thu quang ctia thanh 6ng do va dung maoi. Nhiét d6 ctia cac dung dich
va cac khi dugc gilr c6 dinh la 25 °C.

Phan A
Mét dung dich X dugc chudn bj tir HA va NaA. Néng dd cta [A-], [HA], va [H*] trong dung dich X lan

lugt1a 1.00 x 1072 mol L7, 1.00 x 10-3 mol L7, va 1.00 x 10~ mol L7, lién hé v&i nhau theo can bang
acid-base sau:

[AT]HY]
[HA]

HA = A+ HY K= M

Trong phan A, d6 dai truyén quang la I. Bé qua su thay déi khoi lugng riéng khi pha lodng. Gia thiét la
khong c6 can bang nao khac ngoai can bang 1.

A1 Do hép thu quang cta dung dich X [a A; & budc séng ;. Sau d6, dung dich  10pt
X dugc pha lodng 2 1an bang dung dich hydrochloric acid pH = 2.500. Sau khi
pha lodang, d6 hdp thu quang cla dung dich van 1a A, & \,. Lap ludn tinh ti [&
Eun/En-s VOI eya Va g4 laNn lugt la hé s6 hap thu mol phan tlr cdia HA va cla A~ &
A
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Phan B
Xét phan (rng sau trong pha khi.
D=2M (2)

Khi D nguyén chat dugc chlra day trong 6ng day vudng thiét dién la S va c6 thanh trong sudt (xem hinh
dudi) & ap suat P, va can bang dugc thiét 1ap khi ap suat toan phan dugc gitr c6 dinh & P. B6 hap thu
quang cta khi la A = e(n/V)l, vGi e, n, V, va llan lugt 1a hé s& hap thu mol phan tl, s6 mol khi, thé tich
khi, va do dai truyén quang. Gia thiét rang tat ca cac khi déu la khi i tudng.

l -
> )
,""’ x
Sr dung cac ki hiéu sau trong cac bién déi.
Trang thai dau Tai can bang
D M D M
Ap suét riéng phan P 0 o oy
S6 mol ng 0 np ny
Thé tich Vi Vv

B.1 Do hap thu quang cula khi tai budc séng \g; do theo chiéuz (I =1,)la Ag; &cad  6pt
trang thai ban dau va tai can bang. Lap luan tinh ti 18 ep /ey & Mgy, V3i ep Va &y
lan lugt la hé sé hap thu mol phan tlr cdia D va cda M.

B.2 Do hap thu quang ctia khi tai budc séng g, do theo chiéu y la Ag, & catrang  6pt
thai dau (I = 1,0) va tai can bang (I = 1,)). Lap ludn tinh ti 1& ep /ey & Ag,.
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Phan A
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Phan B

B.1 (6 pt)

ep/em =
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Hoa hoc oxi hoa khtr ctia Zinc

11 % toan bai
Cau héi A1 A2 B.1 B.2 B.3 B.4 | Diém téng
DPiém toi da 6 5 4 3 5 9 32
Piém
cham

Zinc tur lau da dugce sir dung lam hgp kim trong dong thau va thép. Nudc thai cac nganh cong nghiép cé
chira zinc dugc xt ly bang cach két tda, khir két tda thu dugc vé zinc kim loai dé thu hoi va tai s&r dung.
Phan A

Can bang hoa tan cla zinc hydroxide Zn(OH),(s) & 25 °C va hang s6 clia cac can bang cé lién quan dugc
cho dudi day, can bang 1-4.

Zn(OH),(s) = Zn?*(aq) + 20H"(aq) Koo =1.74x 1077 (1
Zn(OH),(s) = Zn(OH),(aq) K, =262x107° (2)
Zn(OH),(s) + 20H(aq) = Zn(OH )2~ (aq) Ky = 6.47 x 102 3)

H,O(l) = H*(aq) + OH (aq) K, =1.00x 10" (4)
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Do tan, S, cla zinc (ndng do cla zinc trong dung dich nudc bédo hoa) dugc tinh theo phuong trinh 5.

S = [Zn**(aq)] + [Zn(OH),(aq)] + [Zn(OH);~(aq)] (5)

A1 Khi cac can bang 1-4 dugc thiét lap, 1ap ludn tinh khodng pH tai d6 6pt
[Zn(OH),(aq)] 1a 16n nhat trong sé cac dang [Zn?*(aq)], [Zn(OH),(aq)] va
[Zn(OH);~(aq)]-

A.2 Dung dich nudc bdo hoa ctia Zn(OH),(s) & pH = 7.00 dugc chuadn bjva loc. Thém  5pt
NaOH vao phan nuéc loc dé thu dugc dung dich c6 pH bang 12.00. Lap ludn
tinh phan tram zinc da két tda trong phan nudc loc khi nang pH tir 7.00 1én
12.00. B4 qua sy thay d6i thé tich va nhiét do.

Phan B

Tiép theo, nung zinc hydroxide két tla dugc & trén sé cho zinc oxide theo phuong trinh phan &ng dudi
day:

Zn(OH),(s) — ZnO(s) + H,0(l) (6)

Sau dé zinc oxide dugc khir vé zinc kim loai bang phan &ng véi hydrogen nhu sau:

ZnO(s) + Hy(g) — Zn(s) + H,0(q) (7)

B.1 DE cho phan (ng (7) xay ra véi ap suat cla hydrogen dugc gitr & 1 bar, thi can  4pt
phai giam ap suét riéng phan clia hoi nudc sinh ra.
Lap ludn tinh gia tri I6n nhat cla ap suét riéng phan clda haoi nudc dé phan (ng
(7) xdy ra & 300 °C. Cho, nang lugng tao thanh Gibbs cla zinc oxide va hoi nuéc
(& 300 °C tai &p sudt cla cac khi 1 bar) 1a AG7,0(300°C) = —2.90 x 102 k) mol~" va
AGy o(300°C) = —2.20 x 10> k) mol~".

Zinc kim loai dugc sir dung lam dién cuc am (anode) trong pin kim loai-khdng khi (metal-air batteries).
Anode trong loai pin ndy gém Zn va ZnO. Phan (rng oxi hoa sau dugc dung dé sinh ra dong dién vdi src
dién déng (e.m.f.) E°, & 25 °C va ap suat 1 bar.

Zn(s) + %Oz(g) — ZnO(s) B =165V 8)

B.2 Mot pin zinc-air cap dién vdi cudng d6 dong 20 mA trong 24 gid. Tinh sy thay  3pt
déi khéi lugng cda dién cuc am (anode) cda pin nay.




VNM-3 C-4 Q-3

Vietnamese (Vietnam)

NG Fuji

B.3

Xét su thay d6i e.m.f. cla mot pin zinc-air theo diéu kién méi trudng. Lap ludn
tinh gia tri e.m.f. cda pin trong diéu kién & dinh nui Fuiji, tai d6 nhiét d6 va dé
cao 1an luot 14 —38°C (thang Hai) va 3776 m. Ap suét khi quyén dugc tinh theo
cdng thurc sau:

5.257

Pbar] = 1.013 x (1 0.0065h )

T +0.0065h + 273.15 ®)
& dd cao h[m]vanhiét dd 7 [°C]. Tilé mol ciia oxygen trong khi quyén |a 21%. Bién
thién nang lugng Gibbs clia phan ing (8) 1a AGz,0(—38°C) = —3.26 x 102 k) mol~"
& —38°Cva 1 bar.

5pt

B.4

Tinh bién thién nang lugng Gibbs clia phan &ng (6) & 25°C. Cho cac gia trj thé
kh(r chuan, E°(Zn%*/Zn) va E°(0,/H,0) & 25°C va 1 bar theo (10) va (11) nhu
sau.

Zn** 4 2e~ — Zn E°(Zn?*/Zn) = —0.77V (10)

O, + 4H* + 4~ — 2H,0 E°(0,/H,0) = 1.23V (11)

Ipt




IChO

a F
3‘ G
Choz01™

VNM-3 C-4 A-1

A4-1

Vietnamese (Vietnam)

Hoa hoc oxi hoa khtr ctia Zinc

Phan A

A.1 (6 pt)

<pH<
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Phan B

B.1 (4 pt)

PH,0=

bar

B.2 (3 pt)
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AG® =

Jmol~!
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Silicon huyén bi
12 % toan bai
Cau hai A1 A.2 A.3 A4 B.1 B.2 B.3 DPiém téng

Piém t&i da 9 7 6 10 5 15 8 60

Piém

cham

Mac du silicon ciing la mét nguyén t6 nhém 14 nhu carbon, nhung tinh chat cta ching lai khac nhau
dang ké.

Phan A

Khong giong nhu lién két ba carbon-carbon, lién két ba silicon-silicon trong hgp chat cé cdng thic la
R'-Si = Si-R"(R: nhom thé hitu co) cuc ki hoat déng. Vi du, n6 phan &rng vai ethylene dé tao thanh mot
san pham chira mot vong bén canh.

R'-Si=Si—R! + H,C=CH, —_— /Si:Si\

Khi R'-Si = Si-R" phan (rng véi mot alkyne (R>-C = C-R?), hgp chat vong bén canh A dugc tao thanh nhu
mot chat trung gian ban dau. Phan &rng ti€p theo ciia mot phan t&r R>-C = C-R? v&i A tao ra 2 ddng phan
B va C, ca hai déu c6 cau truc lién hgp mach vong giéng benzen, dugc goi la 'disilabenzenes’ chira mét
vong sau canh va cé thé dugc mo ta nhu (R'-Si),(R?-C),.
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R2—C=C—R?
R1-Si=Si—R! + R2—-C=C—R2 —— A > B + C

Phéan tich '3C NMR ctia b6 khung vong sau canh Si,C, thay hai tin hiéu cho B va mot tin hiéu cho C.

A1 V& mét trong nhitng cau trdc cdng hudng cé thé cé cho mbi chat A, BvaCdung  9pt
R', R?,Siva C.

A.2 Tinh ndng lugng 6n dinh thom (ASE), dai lugng mang gid tri duong, cho benzen  7pt
va C (trong trudng hgp R' = R? = H).
Cho biét bién thién enthalpy trong mét s6 phan tng hydrogen héa cdia hé khéng
no duagc trinh bay dudi day (Hinh 1).

H,C —=CH, + Ho _— H,C—CH, AH=-135kJ mol™" (1)
H,Si—CH, + Ho - H;Si— CH,4 AH=-213kJmoll  (2)
H,Si—SiH, + Ho — > H;Si— SiH; AH=-206 kJ mol"!  (3)

®
9

3 Hp — AH=-173kJ mol"  (4)
HSi—SiH H,Si—SiH,
<\ /> + 3 H» NG < > AH=-326 kJ mol"  (5)

HSi 3 Hp H,Si AH=-368 kJ mol!  (6)

e
|

SiH  + 3 H, . H,Si SiH, AH=-389 kJmol!  (7)

/

HSi

L

Hinh 1
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Khi dun néng dung dich C trong xylene, né bi ddng phan hoa tao ra hén hgp can bang gém cac hop chat
DvaE. TilésdmollaD:E=1:40.0350.0 "CvaD:E=1:20.05120.0 °C.

A3 Lap ludn tinh AH phan &ng chuyén D thanh E. Cho rang AH khong phu thuéc  6pt
vao nhiét do.

Qua trinh déng phan héa tir C sang D va dén E dién ra théng qua su bién dai lién két = thanh lién két o
ma khéng pha v bat ky lién két o nao. Phan tich '3C NMR thay mot tin hiéu cho khung Si,C, ctia D va hai
tin hiéu cho E. B khung ctia D khéng chira bat ky vong ba canh nao, trong khi E c6 hai vong ba chung
mot canh.

A4 Vé c6ng thirc ciu tao chia D va E dung R', R?, Siva C. 10pt

Phan B

Silicon ¢6 kha nang tao hgp chét phéi tri cao (> 4 nhém thé) véi cac nguyén té cb dé am dién 16n chang
han nhu flo. Cling nhu florua kim loai thudng dugc st dung lam tac nhan flo héa, cac florua silic c6 s6
phoi tri cao cling hoat ddng nhu cac tadc nhan flo héa nay.

Phan ing flo héa CCl, bang Na,SiFg dugc thuc hién nhu sau:

+ Chuan héa dung dich Na,SiF:
- Chuén bi
Dung dich F: 0.855 g Na,SiF, (188.053 gmol ') hoa tan trong nudc (t&ng thé tich: 200 mL).
Dung dich G: 6.86 g Ce,(S0,); (568.424 gmol ') hoa tan trong nudc (téng thé tich: 200 mL).
- Quy trinh

Chuan dé két tda cda dung dich F (50.0 mL) bang cach thém tirng giot dung dich G v&i su c6 mét cla
xylenol da cam la chét tao phurc véi Ce>+lam chat chi thi. Sau khi thém 18.8 mL dung dich G, mau cla
dung dich chuyén tir mau vang sang mau dé tuoi. Két tda dugc tao ra la mot hgp chat nhj t6 c6 chira
Ce3*, va hop chét silicon duy nhat tao ra la Si(OH),,.

B.1 Viét va can bang phuong trinh phan (ng ctia Na,SiF, véi Ce,(SO,)5 trong quéd  5pt
trinh néu trén.

 Phan rng ctia CCl,v&i Na,SiF:
(Cho rang lugng chat do bay hai la khéng dang ké trong cac thao tac)

Na,SiF (z [g]) dugc thém vao CCl, (500.0 g) va dun néng dén 300° C trong mét binh phan &rng kin chju ap
suat. Lugng Na,SiF khong phan rng va NaCl sinh ra d& dugc loai bd bang cach loc. Dich loc dugc pha
lodng dén téng thé tich 1.00 L bang CCl, (dung dich H). Ph& 2°Si va "°F NMR clia dung dich H cho thay
SiF, 1a hgp chat silicon duy nhat. Trong pho '°F NMR, ngoai SiF,, d3 quan sat dugc cac tin hiéu tuong (ng
vGi CFCl5, CF,Cl,, CF;Clva CF, (xem Bang 1). Cac ti & tich phan trong phd "°F NMR ti 1& v&i s6 mol cda hat
nhan flo.

Bang 1
Dir liéu '°F NMR CFCl, CF,Cl, CF,Cl CF,
Ti | tich phéan 45.0 65.0 18.0 2.0
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SiF, bi thily phan tao thanh H,SiFg theo phuong trinh (8) sau:
3SiF, + 2H,0 — Si0, + 2H,SiF; (8)

Thém mot lugng nudc du vao 10 mL dung dich H dé SiF, bi thdy phan hoan toan. Sau khi tach, H,SiF¢
sinh ra tir qua trinh thdy phan trong dung dich nudc dugc trung hda va chuyén hoan toan thanh Na,SiF,
(dung dich nudc )).

Két tla Na,SiF, khéng phan (ng va NaCl sinh ra (dugc loai bd bang cach loc & budc dau tién, phan thdng
tin gach chan) dugc hoa tan hoan toan trong nuéc thu dugc dung dich (dung dich K; 10.0 L).

Sau dd, cac phép chuan dd két tla st dung dung dich G dugc thuc hién, va cac diém cudi cda phép chuan
d6 véi G nhu sau:

- Doi véi toan bo dung dich J thi can 61.6 mL dung dich G.
- D6i v&i 100 mL dung dich K thi can 44.4 mL dung dich G.

Can luu y rang su cung tén tai ctia NaCl hodc SiO, khéng dnh hudng dén viéc chudn do két tda.

B.2 Tinh khéi lugng NaCl tao ra trong binh phan tng (phan théng tin dugc gach  15pt
chan), va tinh khéi lugng (z [g]) cda Na,SiFg dugc dung lam nguyén liéu ban
dau.

B.3 77.8% CCl, dugc sir dung lam nguyén liéu ban dau khéng phan &ng. Tinh khéi  8pt
lugng CF;Cl sinh ra.
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Silicon huyén bi

Phan A
A.1 (9 pt)
A (3 pt) B (3 pt) C(3py
A.2 (7 pt)
CeHg : kJmol™",C: kJ mol
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AH = k] mol™!

A.4 (10 pt)

D (5 pt) E (5 pt)
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Phan B

B.1 (5 pt)

B.2 (15 pt)

(Continued on the next page)
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B.2 (cont.)

Nacl : g, Na25|F6 : g
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VNM-3 C-6 Q-1

Vietnamese (Vietnam)

Hoa hoc chat ran cta cac kim loai chuyén tiép

13 % toan bai
Cau hai A1 A2 A3 B.1 B.2 B.3 B.4 CA1 C.2 C3 Piém tdng
Piém t6i da 6 3 3 6 4 4 4 5 5 5 45
piém
cham
NUi Ilra phun trao & dao Sakurajima
Phan A

Nhéat ban la mét trong nhitng nudc ¢ s6 lugng nui Ira nhiéu nhat trén Thé gidi. Khi cac khoang vat
silicate két tinh lai tr mdc-ma, mot phan cac kim loai chuyén tiép (M"*) ¢ trong mac-ma sé& két hop vao
trong cac khoang silicate. Cac ion M"* @é cap trong bai nay dugc phdi tri bdi cac ion oxide (0%?7) va tao
cau trac phdi tri 4, t&r dién (T,) trong mac-ma va cdu trdc phaéi tri 6, bat dién (0,)) trong cac khoang silicate,
ca hai cau trdc nay déu & trang thai cau hinh spin-cao (high-spin electron configuration). Hé s6 phan b6
clia M"* gilra khoang silicate va mac-ma, D, dugc biéu dién theo phuong trinh sau:

M,
M

V@i [M] va [M]; 1an lugt la ndng d6 cia M"* trong khoang silicate va trong mac-ma. Gia tri D ctia Crétva

Mn?*+ dugc cho trong bang sau.

Cr2+

Mn2+

D

7.2

1.1
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GOi Ag va CFSEC lan lugt 1a nang lugng phan tach orbital d cia M™ va nang lugng 6n dinh trudng tinh
thé (the crystal-field stabilization energy) trong trudng O,,. Goi A; va CFSET la cac nang lugng tuong Ung
trong trudng Ty.

A1 Tinh |CFSEC—CFSE"| = ACFSE theo cac gia tri A, clia Cr?*, Mn?*, va Co?*; 6pt
gia thiét A; = 4/9A,.

A.2  Cho biét m&i quan hé gilra InD va ACFSE / A, la tuyén tinh khi bi€u dién trong  3pt
hé toa do Cartesian dudi day.
Lap ludn tinh gia tri D cha Co?*.

2.0

1.5

0 01 02 03 04 05
ACFSE /Aq

Oxide kim loai MO (M: Ca, Ti, V, Mn, hodc Co) két tinh trong cau trdc da mubi (rock-salt) trong dé6 M"* tao
thanh cau tric Oy, véi cau hinh electron spin-cao. Gié tri nang lugng mang ludi (lattice enthalpy) clia cac
oxide nay dugc dong gép chtl yéu la do nang lugng tuong tac Coulomb phu thudc vao ban kinh va dién
tich cta cac ion va mot phan déng goép cula gia tri CFSE cia M"* trong trudng O,.

A3 Chon bd gia tri phu hgp clia cac gia tri nang lugng mang ludi [k) mol~'] tr mot  3pt
trong cac lya chon tir (a) dén (f) sau.

CaoO Tio VO MnO CoO
(a) 3460 3878 3913 3810 3916
(b) 3460 3916 3878 3810 3913
(c) 3460 3913 3916 3810 3878
(d) 3810 3878 3913 3460 3916
(e) 3810 3916 3878 3460 3913
(f) 3810 3913 3916 3460 3878
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Phan B

Mot oxide hon tap A, chira La* va Cu?*, tinh thé két tinh c6 6 mang co s& t&r phuang (tetragonal) dugc
chira trong Hinh 1. Trong cau tric octahedron [CuQg] , lién két Cu-O doc theo truc z (1,) la dai hon lién
két nay doc theo truc x (/,,), va cau trdc clia [CuOg) bi bién dang so véi cau tric Oy, thdng thudng. Su bién
dang nay dé loai bd su suy bién cda cac orbital g (d 2,2 vad,,).

b

D« La3+
@ : Cu*
O 0+

1.3313nm

ﬁsesa nm

y
—»
JA} 0.3833nm

Hinh 1

A c6 thé dugc téng hgp theo phuong phap phan huy nhiét (pyrolysis) phirc chat B, phirc chat nay dugc
hinh thanh khi tron cac mudi chloride kim loai véi diacid C,H,0,trong dung dich ammonia lodng. Su
phan huy nhiét chat B trong khéng khi khé cho thay khéi lugng gidm 29.1% khi nhiét d6 tang dén 200
°C la do sy méat nudc két tinh, sau d6 khoi lugng ti€p tuc gidm khi nhiét do dat 700 °C la do sy thoat CO,,.
Tong khéi lugng bi gidm trong qua trinh hinh thanh A tir B 14 63.6%. Biét rang chi c6 nudc va CO, la thoat
ra trong qua trinh phan huy nhiét.

B.1 Viét cac cdng thic hod hoc clia A va B. 6pt

B.2 Tinh [, val,, s dung Hinh 1. 4pt

B.3 Xét Cu?* trong cau tric octahedron bién dang [CuO¢] trong A & Hinh 1, viét ki 4pt
hiéu cta cac orbital (d,. . vad..)cla €4 vao (i) va (i) phu hgp, va dién electron
vao cac murc trong 6 nét durt & phiéu tra |di.
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A |a chat cach dién. Khi mot La3~+ dugc thay thé bang mét Sr2*, moét 16 tréng dugc tao ra trong mang tinh
thé, chat pha tap nay cé thé dan dién. Két qua 13, chat A dugc pha tap Sr**la chat siéu dan & dudi 38 K
vGi mat do 16 tréng 1a 2.05 x 1027 m—3,

B.4  Tinh phan tram Sr>* da thé vao ché La®* dua vao ti I& mol trong phan ing thé.  4pt
Chuy la hoa tri cda cacion va cau tric cda tinh thé khong bi thay déi trong phan
(rng thé.

Phan C

Cu,(CH5CO,), cb chtra 4 nhém CH3CO,~ duagc phdi tri vai 2 ion Cu”™ (Hinh 2A). Cu,(CH5CO,), thé hién
cau truc déi xirng cao, véi 2 truc di qua cac nguyén tlr carbon cia 4 nhém CH;CO, ™ va mot truc di qua 2
ion Cu™", cac truc nay déu vudng goc ddi mot véi nhau. Khithay CH;CO, bang mét phdi tir dicarboxylate,
thi hinh thanh "phurc 16ng” (“cage complex”). Phirc 16ng Cu,(L1), (Hinh 2C) chira ph6i tir dicarboxylate L1
phang (Hinh 2B) va Cu’". Goc o gitta hudng phdi tri clia 2 nhom carboxylate dugc thé hién bang mdi tén
trong Hinh 2B. Goc nay sé xac dinh cau tric cda phirc 16ng. Goc 6 bang 0° véi phéi tlr L1. Cha y la cac
nguyén t&r hydrogen khéng dugc vé trong Hinh 2.

A ( B
C
//\\
a ® ®
/ef oo oo
: Vol
d 0=0°

Bc.@oOc

Hinh 2
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c.1 GOc 6 cla phdi tir dicarboxylate L2 phang dudi day 1a ¢ dinh bang 90°. Néu  5pt
thanh phan cdia phurc 16ng hinh thanh tir L2 va Cu®" 13 Cu,(L2), , cho biét cac
gia tri s6 nguyén nhd nhat clia n va m. Gia thiét rang chi cdc nhém CO,  cla L2

tao phdi tri vai ion Cu*".
H
b
' "\

L2
0 =90°
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Mot phurc cda zinc, Zn,0(CH5CO,),, chtra 4 ion Zn*" tr dién, 6 ion CH;CO, ", va mdt ion O%~ (Hinh 3A).
Trong phirc Zn,O(CH3CO,),, ion O*" dugc dat tai trung tam, va 3 truc di qua cac nguyén tu carbon cla
CH5CO, va vuéng gbc ddi mot véi nhau. Khi dung phdi tir p-benzenedicarboxylate (Hinh 3B, L3, 6 =
180°) thay thé phdi t&r CH;CO, , cac dam Zn*" (clusters) lién két vai nhau tao thanh dang tinh thé ran
(X) dugc goi la "polymer phdi tri 16 x6p” (“porous coordination polymer”) (Hinh 3C). Thanh phan clia X 1a
[Zn,O(L3)5),,, va N6 cb cau truc tinh thé dang lap phuong véi cac 16 réng kich thudc nano. Méi 16 rong
duogc thé hién 15 hinh cau trong Hinh 3D, va méi cdu tric t& dién cta Zn®" dugc biéu dién bing hinh
polyhedron mau xdm dam trong Hinh 3C va 3D. Chu y la cac nguyén t&r hydrogen khéng dugc vé trong
Hinh 3.

L3, 0=180°

Hinh 3

c.2 X c6 6 mang co'sd lap phuong véi d6 dai a (Hinh 3C) va khéi lugng riéng 18 0.592  5pt
gcm—3. Tinh a theo [cm].

C.3  Xchramdtsé lugng Ién cacl6 rong, va 1 g chat X cd thé chira dugc3.0x 10> mL  5pt
khi CO, trong cac 16 rong & 1 bar va 25 °C. Lap luadn tinh s6 phan t& CO, trung
binh trong méi 16 réng.
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Hoa hoc chat ran cta cac kim loai chuyén tiép

Phan A

A.1 (6 pt)

Cr2+ : Ao, Mn2+ : AO ' C02+ : Ao
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A.2 (3 pt)
2.0
1.5
Q
c 1.0
0.5
0
0 0.1 02 03 04 05
ACFSE / Aq
D:

A.3 (3 pt)
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AG6-3

Vietnamese (Vietnam)

Phan B

B.1 (6 pt)

B.2 (4 pt)

nm, [, =

nm
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LIV VNM-3 C-6 A-4
Choz01™ Vietnamese (Vietham)
B.3 (4 pt)
(i) : (i)
Energy TSR T PR
i 0
% i i
| ! i)
B.4 (4 pt)

%
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AG-5

Vietnamese (Vietnam)

Phan C

C.1 (5 pt)

C.2 (5pt)
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Q.\GS
PN

C.3 (5pt)
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Cho 200> Vietnamese (Vietham)

“Choi dua” véi hé thom khong benzene

13 % téng diém
Céu hdi A1 A.2 A.3 B.1 Piém t6ng
biém tdi da 5 2 19 10 36
Diém
cham

Gido su Nozoe (1902-1996) d&@ md ra linh vyc nghién cliru cac hgp chat thom khdng phai benzene, ho
chat nay gi& da rat phé bién trong héa hoc hiru co.

Anh tu liéu: Pai hoc Tohoku

Phan A
Lineariifolianone la mot hgp chat thién nhién cé cau trac doc dao, dugc phan lap tr Inula linariifolia. TUr

valencene (1), qua chuyén hoa mét budc tao ra 2, sau d6 chuyén hoa ba budc di qua 3 tao ra keton 4.
Eremophilene (5) dugc chuyén thanh 6 bang cach thuc hién chuyén hoa bon budc tuong tu.



VNM-3 C-7 Q-2
Vietnamese (Vietnam)

Inula linariifolia

X
W

N

NaIO4

0304 2

THF, H,0

C14H22O
\ H o
—/Si—N—Si—
\S. | OH
s CHali OH
2 : X
CHZCN THF : G : THF :
80 °C ~78°C ) ou -78°C - o
3 4

B \ H / (ii) 0

~ —Si-N-Si—

N / \ \ OH

NaIO4 —Si—| . .

0s0, / (i) CHaLi OH

6
THF, H,O CH5CN THF
80 °C -78 °C

eremophilene (5)

A1 V& cdu trac chia 2 va 6, va vé rd cau truc |ap thé & cac vi tri can thiét.

5pt

Sau dd, keton 4 dugc chuyén thanh este 15. Hgp chét 8 (khai lugng phan tdr: 188) gitr nguyén tat ca cac
tam 1ap thé (trung tdm bat d6i) trong 7. Hop chat 9 va 10 c6 nam tam |ap thé va khong cé lién két doi
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Cho 201 Vietnamese (Vietnam)

carbon-carbon. Gia thiét rang H,'80 dugc sir dung thay vi H,'°0 dé téng hgp cac chat lineariifolianone
dugc danh dau 80, 13 va 14 di tir 11 va 12 tuong Ung.

Hop chat 13 va 14 la cac déng phén cé dong vi danh dau. Néu bd qua viéc danh dau déng vi, 13 va 14
giong hét nhau vé cau trdc 1ap thé va déu chuyén thanh 15.



| Q7-4

B\JU)§ VNM-3 C-7 Q-4
% \j . .
0o 200 Vietnamese (Vietnam)
\ K /
—Si-N-Si—
/ \ _
(KHMDS) Li
H N
(e 2T
- i THF, —78 °C ; O.4-CFs
4 7
0
Cl _OH
o}
(mCPBA)
8 NaHCOj4 9 . 10
MW: 188 C14Ho00 C14H200
CH2C|2, 0°C 147120 147120
\ Q
—$i-CF;Br @S—OH
11
Nal O 13
THF, 80 °C 11 H,'80, THF
C+=H 180 160
9 C.1cHonFS0 157122 n 3-n
15M202 (n=0-3)
\ 0
—Si-CF,Br OS—OH
/ 1
Nal o o
THF, 80 °C 12 H,'%0, THF 14
10 C45H»5'80,,1605.
C15H2oF20 15(r122= O—nS) 3-n

160-13/160-14
(C15H22"%03) CH30OH
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Choz01™ Vietnamese (Vietham)
A.2 Chon cau tao thich hgp cho A. 2pt
0] 0]
9 ,C,) O:\§/CF3 O:\$,CF3
I Fsc—g—OH n F30—c|S|)—NH2 m : N.-CFa IV HN. CFq

A.3 V& cac cdu truc cla 8-14 va vé rd cau trac 1ap thé & cac vi tri can thiét. Pong  19pt
thoi, hdy chi rd nguyén t& 80 trong 13 va 14 giéng nhu trong vi du dudi day.

o

RN
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Vietnamese (Vietnam)

Phan B

Hop chét 19 dugc téng hgp theo cach bén dudi. Trong mai lién hé qua lai v&i hé thom khéng benzene, 19
c6 thé dugc str dung lam chat hoat hoa rugu. Tir d6 20 dugc chuyén thanh 22 théng qua cap ion trung
gian 21. Mac du sy hinh thanh cda 21 dugc quan sat thay trén phd NMR, 21 dan dan bi phan hay dé tao

ra 18 va 22.

9o¥e

16

EtsN

CH,Cl,

OH
20

"H NMR (CD4CN, ppm)

Br,

CH4,COOH

18

Cy5H100

-HClI

17
C15H12Br.0

n=0

Cl” ¢l

19

C15H10Cl>

21

20: 57.4-7.2 (5H), 3.7 (2H), 2.8 (2H), 2.2 (1H)
21: 58.5-7.3 (15H), 5.5 (2H), 3.4 (2H)

Cl
e
22

B.1 V& cau tao clia 17-19 va 21. Khéng can vé cau truc 1ap thé.

10pt
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Chozor™ Vietnamese (Vietnam)

“Choi dua” véi hé thom khong benzene

Phan A

A.1 (5 pt)

2(2pt) 6 (3 pt)

A.2 (2 pt)
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Cho 200> Vietnamese (Vietham)
A.3 (19 pt)
8 (3 pt)
9 (2 pt) 10 (2 pt)
1@py) 12 (2 pt)
13 (4 pt) 14 (4 pt)
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Phan B
B.1 (10 pt)
17 (2 pt) 18 (2 pt)
19 (3 pt) 21 (3 pt)
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Pong luc hoc phan tir hiru co' va tinh khong trung vat anh cua

chung
11 % téng diém
Cau héi A1 A2 A3 B.1 B.2 | biém téng
Diém t&i da 9 3 7 3 4 26
Diém
cham
Phan A

Cac hydrocacbon thom da vong véi cac lién két ortho lién ti€p dugc goi la [n]Jcarbohelicene (& day, n dai
dién cho s6 vong sau canh). [4]Carbohelicene ([4]C) dugc diéu ché hiéu qua bdi phan ing quang hoa

nhu hinh dudi day, di qua chat trung gian (Int.) dé bj oxy hoa bdi i6t.

Phan (rng quang hoa xay ra theo cach tuong ty nhu thi du sau.

C 2 O

hv

@ ©
PPh; Br
NaOEt
A
EtOH
C41HgO A
B
hv
hv
c - 5

Int.
CigH1a

l2

[4]carbohelicene ([4]C)

C18H12
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Luu y: Doi véi tat ca Cau hai 8, thi sinh phai vé cac lién két don va lién két doi lién hogp trong cau
tra 1oi giong nhw hinh thi du vé carbohelicene. Khong dugc vé vong tron cho hé thong « lién hop.

A1 V& cau tric clia A - C. Phai xac dinh ré cac déng phan lap thé. 9pt

A.2 N6 luc téng hgp [5]carbohelicene tir cing mét mudi photphonium va mét  3pt
hop chat ban dau thich hgp chi hinh thanh mot lugng vét [S]carbohelicene,
thay vao d6 tao ra san pham D c6 khéi lugng phan tr thdp hon 2 Da so vdi
[5]carbohelicene. Do chuyén dich héa hoc "H -NMR clia D dugc liét ké dudi day.
V@ cau truc cda D.
[D (5, ppm in CS,, r.t.), 8.85 (2H), 8.23 (2H), 8.07 (2H), 8.01 (2H), 7.97 (2H), 7.91
(2H)]

[5]- va [n]carbohelicene 16n hon c6 tinh bat d6i xing xo0dn. Su chuyén qua lai gira cac d6i quang cua
nhirng helicene nay dién ra rat cham & nhiét d6 phong.

Cau hinh bat déi cia cac [n]cacbohelicene dugc dinh nghia la (M) hoac (P) nhu hinh dudi day.

&<

Cac [n]carbohelicene véi n 1&én hon 4 cé thé dugc phan tach déi quang bang sac ky cdt bat doi. Phuong
phap nay dugc phat trién bdi Gido su Yoshio Okamoto.

Anh tu liéu: The Japan Prize Foundation
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Da-helicene la cac phan tlr c6 chira hai hoac nhiéu cau tric giong helicene. Néu xét ca ddc tinh bat doi
x{rng xoan cda no, thi c6 nhiéu déng phan lap thé tuong ng véi véi mot da-helicene. Thi du, hop chat
E chira ba [5]carbohelicene trong mot phan t&r. M6t trong cac déng phan 1ap thé dugc mo ta la (P, P, P)
nhu hinh dudi day.

E

(1.2,3) = (R, FP)

A3 Qua trinh trime héa 1,2-dibromobenzene xUc tién bdi niken tao ra triphenylene.  7pt
Khi cho phan (rng tuong tu véi mét dong phan déi quang cta F, (P) -F, thu duoc
da-helicene G (CggHsg) )-

Cho rang su chuyén qua lai gitra cdc ddong phan Iap thé khdng xay ra trong phan
(ng, xac dinh tat ca cac dong phan 1ap thé cé thé c6 nhung khéng trung nhau
cla G.

Luu y, phai v& mét dong phan véi cau hinh bat d6i day du nhu hinh thi du trén;
cac dong phan 1ap thé khac can dugc liét ké bang cach s&r dung M va P.

Thi du, cac déng phan 1ap thé khac cda E c6 thé dugc liét ké nhu sau (1, 2, 3) =
(P, M, P), (P, M, M), (P, P, M), (M, M, M), (M, M, P), (M, P, P), and (M, P, M).

Ni(cod),
QL —— e ()
3 cod =
Br
Ni(cod),

A Yea
Qe Q0
B (CosHso)
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Phan B

Sumanene la mét hydrocacbon hinh bat dugc cdng bd lan dau tién & Nhat Ban vao nam 2003. Tén
"sumanene” bat nguén tir mot tlir ti€ng Phan-Hindi “suman” c6 nghia la hoa huéng duong.

Qua trinh tdng hgp sumanne dugc thuc hién bang mét chudi phan irng bao gém phan irng md vong va
déng vong trao déi (ring-opening and a ring-closing metathesis).

z *
@O') (C21H1e)

B.1

V& cau tao cla chat trung gian I (khéng phai vé lap thé).

3pt
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(0]
G Cl CN
Ru* (o) K
O') (Co4H1g)
‘ Me
Me
J
B.2

Xuat phat tir tién chat quang hoat J, qua cung mét trinh ty phan Ung tao ra

dan xuat sumanene quang hoat K. Cac trung tam |ap thé trong J khéng bi anh
hudng trong qua trinh nay.
V& cau truc |ap thé cda K.

4pt
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Chozor™ Vietnamese (Vietnam)

Pong luc hoc phan tir hiru co' va tinh khong trung vat anh cua
chung

Phan A

A.1 (9 pt)

A (3 pt) B (3 pt) C(3pt)

A.2 (3 pt)
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A.3 (7 pt)
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Vietnamese (Vietnam)

Part B

B.1 (3 pt)

B.2 (4 pt)
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Giong va khéng giong vién nang

10% toan bai
Cau hai A1 A.2 A.3 A4 A.5 Piém tffng
Diém tdi da 13 2 2 3 3 23
Diém
cham

Nhirng dira tré ngoan khong lam vay, nhung ban c6 thé thao qua bong tennis thanh hai manh chir U.

)>€f,

Dua trén y tudng nay, cac hgp chat 1 va 2 da dugc téng hgp dudi dang cac phan tdr hinh chir U véi kich
thudc khac nhau. Hgp chat 3 dugc diéu ché dé so sanh véi 1 va qua trinh boc nang clia cac hgp chat nay
da dugc khao sat.

0 0 " H
N O H N
)L Ph H/ \N )y Ph
HN™ °N N~ NH N /
Ph Ph ph->/€—Ph = \Z O=6‘
HN N N NH Ph NwN Ph
0 1 ]
P OH (0] (o} OH 2
HN/[(N N)kNH
R R E | | E R R
HN\rrN N\H/NH
o OH (0] (e} OH 0
2
(0]
HNJ(N CHj
Ph-—)\é-Ph
HN\er CHs
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Q9-2

Vietnamese (Vietnam)

Qua trinh tong hgp 2 dugc vé bén dudi. Thanh phan phan tram (%) khéi lugng hop chat 9: C 40.49%, H

1.70% va O 17.98%.

CH,OH

(0] (0] H
5 — /< + 2x _ 4
HO OH R
C20H1806

_
o

OCHs
CO,PMB
s | | 8 (X
Pd/C, H, CoaHpsOr TiCI4/LiAIH, CO,PMB
(=T
OCH,
CO,PMB
oo * ot = 7 |—
CO,PMB CxoH1506
OCH,
| e
Hs;CO OCH,
0
A OCH,
HN™ N NH
1) 2 % RHR l
o HN_ N NH
C|)J\[( 7()( OCHs

0]

8 —_— 9

C:40.49%, H: 1.70%

0: 17.98%

0 OH (0] (@] OH 2
HNJJ\N N)kNH
RHR N | | N R%R
HN\”/N N N N\[(NH
o OH (@] ) (e OH o)
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A1 V& ciu tao clda 4-9; bd qua lap thé. S&r dung "PMB” |am nhém thé thay vivé toan  13pt
b0 cdu tric cia nhom p-methoxybenzyl dugc hién thj trong so do trén.

Trén phé khéi lugng cla 1, pic ion tuwang (ng véi dimer cda né (1,) dugc quan sat rd rang, trong khi pic
ion 3, khéng thdy trong phd cda 3. Trén pho 'H NMR cla 1,, tat cd NH cac proton c6 ngudn géc tir 1
tuong duong vé mat tlr tinh, va dd chuyén dich héa hoc clia ching khac dang ké so véi do chuyén dich
hda hoc cla cac proton NH cla 3.

Nhirng dir liéu nay chi ra rang cac lién két hydrogen dugc hinh thanh gitta nhirng nhém NH cla 1 vdi
nhirng nguyén t&r X cta phan tr 1 khac tao thanh dang vién nang ludng phan tu.

A.2 Khoanh tron tat ca (nh{rng) nguyén tur X thich hgp trong 1. 2pt

A3 Hay cho biét s6 lién két hydrogen trong vién nang ludng phan tir (1,). 2pt
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Vién nang lu@ng phan tdr cda 1 (1,) c6 khéng gian bén trong, & dé6 mot phan t&r nhéd Z thich hgp c6 thé
dugc bao boc. Hién tugng nay dugc biéu thi bang phuong trinh sau:

Z+1,— Z@1, Q)
Hang s6 can bang cda sy dédng nang phan tr Z vao trong 1, dugc cho dudi day:

 [z@1y)
~[20,]

K, (2)

Viéc boc mot phan tlr vao vién nang c6 thé dugc theo ddi bang phé NMR. Thi dy, 1, trong CzDg cho cac
tin hiéu khac trén pho *H NMR trudc va sau khi thém CH,,.

Hgp chéat 2 cling tao thanh mét vién nang bén va I6n hon (2,). Phé 'H NMR cla 2, dugc do trong hén
hop dung méi CgDg, C¢DsF va CgDg / C¢DsF, vdi tat ca cac diéu kién khac dugc gitr khong déi. Do chuyén
dich héa hoc cda cac proton H? trong 2 trong cac dung mdi trén dugc cho dudi day. Khong thay cac tin
hiéu khac cdia H? trong 2.

Gia sir rang bén trong vién nang luén chira sé lugng phan t&r dung mdi I&n nhat cé thé, va mai tin hiéu
tuong ng v&i mot loai vién nang chira day dung moi.
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dung mdi § (ppm) of H?
CeDg 4.60

CeDsF 4.71

CeDg / CgDsF 4.60,4.71, 4.82

A4 H&y cho biét s6 phan t&r C;Dg va C4DsF ddng nang trong 2, trng vé&i mdi tin hiéu  3pt
B




IChO

m Q9-5

?2; 5 VNM-3 C-9 Q-5
Cho 200> Vietnamese (Vietham)

Ph6 'H NMR do trong C¢D¢ cho thay 2, c6 thé boc mét phan tlr acid 1-adamantanecarboxylic (AdA), cac
hang s6 két hgp (K,) dudi day dugc xac dinh & cac nhiét do khac nhau.

__ [2@2)]
@ [Z][solvent@2,]

3)

Tuong tuy, cac gia tri K, cia CH, va 1, trong eq (2) & cac nhiét dé khac nhau trong C¢Dg cling dugc xac
dinh bang cach do 'H NMR. D6 thj clia hai hang sé két hgp (nhu InK, so v&i 1/T) dugc biéu dién dudi day.

InK,
| CO.H
0 ..-o. '.... 1 /T
... (KT
!
AdA

Khong c6 phan tlr C;Dg nao dugc boc trong 1,. Trén dudng II, bién thién entropy (AS) 1a (1) va bién thién
entanpi (AH) la (2), chi ra rang déng luc cho sy déng nang trén dudong II la (3). Do dé, dudng I tuong
Urng v@i (4), va dudng II tuong ng vdi (5).

A5 Chon cac phuong an dung tir cac cdt A va B dudi day dé dién thay vao (1) - (5)  3pt
trong doan van trén.

A B
(M duong am
(2) duong am
(3) AS AH
(4) 1, va CH, 2, va AdA
(5) 1, va CH, 2, va AdA
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VNM-3 C-9 A-1

A9-1

Vietnamese (Vietnam)

Giong va khéng giong v&i vién nang

A.1 (13 pt)
4(2pt) 5 (3 pt)
6 (2 pt) 7 (2 pt)
8 (2 pt) 9 (2 pt)




N\JU)F VNM-3 C-9 A-2

Cho 200> Vietnamese (Vietham)

A.2 (2 pt)
O O
HNJ(N N)X\NH
HN\[fN N\[]/NH
O O
A3 (2 pt)
A.4 (3 pt)
§ (ppm) of H? S6 phan tir C,Dg S6 phan tir C,DF
4.60 ppm
4.71 ppm
4.82 ppm
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