V' CHEMISTRY OLYMPIAD

41st INTERNATIONAL Ho va tén:

UK JULY 18-27, 2009
S6 bao danh: VNM - S4

Chi dan chung

Viét tén va sb bao danh trén d4u tht ca céc trang trong phiéu bai lam.
C6 5 gitr d& lam bai thi. Chi duoc bét dau lam bai khi ¢ Iénh START.
Chl str dung may tinh dwoc cép.

T4t ca cac két qua tra Ioi mbi cau héi phai durgc viét trong khung quy dinh cua
phiéu tra I&. Lam khac quy dinh sé khéng duoc diém. Néu can gidy nhap thi
st dung mat sau td gidy thi.

Khi c&n thiét, phai viét cac tinh toan c6 lién quan vao trong khung twong (rng
cla bai thi. Dbi véi cac bwéc tinh toan phire tap, néu thi sinh khéng dwa ra
céc phép tinh ma chi viét ra két qua cudi cung thi sé khdng c6 diém.

Cac cau tra 1o c6 chir sb sé khdng c6 gia trj néu viét thidu cac don vj thir
nguyén thich hgp. Thi sinh s& bj trir diém niing néu khéng viét cac don vj vao
céc dap sé yéu ciu. Thi sinh cling phai Iuu ¥ viét dap sé v&i cac chir sb ¢ ngha.

Coi tét ca cac khi géu Ia Ii twdng.

Phai dirng lam bai khi c6 1énh STOP. Néu kéo dai sau hiéu I&nh nay thi bai thi
sé bj huy bo.

Khi lam xong bai thi, phai d&t tht ca céac trang bai l1am trong phong bi dugc
cép. Khdng dwec dan phong bl.

Khéng r&ri khéi ché 1am bai khi chuwa duge phép cuia giam th.

Pé thi gbm 42 trang.

C6 thé d& nghij giam thj cho xem ban ban Tiéng Anh @ thi chinh thirc ca dé
thi nay, nhwng chi @& déi chiéu.

Page 1/42



MY 41st INTERNATIONAL
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Ho va tén:

S6 bao danh: VNM — S4

Cac hing sé Vat Ii va céng thirc cén thiét

Name Symbol Value
Sé Avogadro Na 6.0221 x 10> mol™
Hé&ng sé Boltzmann ks 1.3807 x 102 J K™
Héng sb khi R 8.3145 J K™ mol™
Héng sb Faraday F 96485 C mol™
Téc do anh séng c 2.9979 x 10°m s™
Héng sb Planck h 6.6261x 107 Js
Ap suét chudn P 10° Pa
Ap suét khi quyén Detm 1.01325 x 10° Pa
0 °C trong thang Celsius 273.15K
Sriuié ,:6(: roi ty do tiéu g 9.807 m 52
e o s 9.274015 x 1072y T
Thé tich hinh 1&p phuwong v=">F;
Thé tich hinh c4u V= %m“
Thé nang trong trwdng E = mgh
Phwong trinh khi i twéng pV=nRT

Phuwong trinh Arenius
Cong thire tinh momen tr
chi cho Spin

k= Aexp (-Ea/ RT)

perr = /(1 + 2) Bohr magnetons
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Periodic table with relative atomic masses

1 18
1 2
H He
1.008| 2 13 14 15 168 17 | 4002
3 | 4 5 6 [ 718 [ 9|10
Li | Be B|l[C|[N|O|F |Ne
6.94 | 9.0 10.B1| 12.01| 14.01] 16.00 | 19,00 | 20.18
11 | 12 13| 14 | 15 | 16 | 17 | 18
Na | Mg Al | Si{ P | S |Cl}jAr
22.89}1 2431} 3 4 5 [ 7 8 9 10 1 12 | 26.98 | 28.09| 30.97 ) 32.06 | 3545 | 39.95
19 | 201 29| 22| 23| 24 | 25 | 26 | 27 | 28 | 290 | 30 | 31 | 32 | 33 | 34 | 35 | 36
K|Ca|Sc|Ti|V |CriMn|Fe|[Co|{Ni|Cu|Zn|Ga|Ge| As| Se|Br | Kr
39.102) 40.08 | 44.86 | 47.90 | 50.94 | 52.00 | 54.94 | 55.85 [ 58.93 | 58.71 | 63.55 | 65.37 | 69.72 | 72.50 | 74.92 | 78.96 [79.804| 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(Rhi{Pd|Ag|Cd|In | Sn|Sb|Te| ! | Xe
85.47 | 87.62 | B8.91 | 91.22 [ 92.91 | 95.94 101.07]102.91| 106.4 |107.87|112.40|114.82|118.69]121.75/127.80|126.90| 131.30
55 | 56 | 57| 72| 73| 74| 75| 76 | 77 | 78| 79| 80| 81 | 82| 83 | 84 | 85 | 86
Csf{BafLa"|Hf |Ta|W |Re|Os|Ir [Pt |[|Au|Hg| Tl {Pb| Bi|Po| At | Rn
132.91/137.34|138.91(178.49|180.95]183.85] 186.2 | 190.2 | 192.2 |195.08]196.97(200.59|204.37] 207.2 | 208.98
87 | 88 | 89
Fr | RajAct
58 | 59 |60 (61 |62 |63 |64 65 |66 |67 [ 68 [69 | 70 | 71
*Lanthanides | Ce | Pr {Nd |Pm [Sm|Eu |[Gd|Tb |Dy |Ho |Er |Tm|Yb |Lu
140,12 | 14091 | 144.24 1504 | 151.96 | 157.25 | 158.93 | 16250 | 164.93 | 167.26 | 168.93 | 17304 | 174.97
80 (91 92 |93 |94 o5 (08 |97 |88 | 89 |100 | 101 | 102 | 103
*Actinides |Th |Pa| U |Np [Pu [Am|Cm Bk |Cf |Es |Fm|Md [No|Lr
23201 238.03
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S$6 bao danh: VNM - S4

Bai 1 10% tong so6 diém

Tinh sé6 Avogadro

1a |1b {1c {1d | 1e | 1f [1g | 1h | 1i | 1j | 1k | Téng

4 | 4| 4| 2 1 2 3 (6|4} 3 3 36

C6 nhidu phong phap xac dinh s6 Avogadro. Ba trong sé cac phwong phéap d6
dwoc trinh bay dwdi day.

Phwong phéap str dung céc dir kién nhiéu xa tia X (phwong phap hién dai)

O mang co s& la don vji clu tric nhd nhat duoc Iap lai trong céu trac tinh thé.
Phwong phap nhiu xa tia X cho biét ring 6 mang co s& cla tinh thé vang c6 céu
tric 18p phuwong tam dién (ttec 1a tdm clia méi nguyén tlr ndm & céc dinh cda hinh
1ap phwong va tam diém cta méi mét). Canh clia & mang béng 0,408 nm.

a) Vé phéac thdo mét &6 mang co s& va tinh xem méi 8 mang chlra bao nhiéu
nguyén tdr

V& 6 mang co' s0'

S6 nguyén t&r Au trong mét 6 mang co s&.
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b) Khéi lwong riéng clia vang 1a 1,93.10* kg.m3. Hay tinh thé tich va khéi lvong
clia 6 mang lap phwong co so.

Thé tich:

Khéi lgng:

c) Tinh khéi lwong cla mét nguyén tl vang va sé Avogadro. Cho nguyén t&z khéi
cla vang la 196,97.

Khéi lwgng clia mdt nguyén tir vang:

Sé Avogadro:

Phwong phép B - ttr cac dir kién phan ra phéng xa (Phwong phap Ro~zo~fo, 1911).
Cho chudi cac phan ra bét dau tir 2°Ra:

226R4 ¢ 222Rq 3.825d 218p, 3.10m 214pp 26.8m 214p; 199m

214P0 164.3 ES 210Pb 22.3! 21OBi 5013d 21°PO 138.4d 206Pb
Céc gia trj thoi gian ban hly ghi trong so’ db 1ay theo cac don vi sau: y = nam, d = ngay,

m = phut, s = gidy. Phan ra dau tién c6 théi gian ban huy rét dai so véi cac phan ra
khac, dwoc ki hiéu béng chir t d&t trén mai tén.
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d) Dénh diu phan ra nao la phan ra o, phan ra nao la phan ra B trong bang dudi
day.

Phanra o | Phanrap

226 Ra 3 222 Rn

222Rn 218Po

216Po 3 214Pb

214 Pb 3 214 Bl

214 BI 3 214P°

214P° 3 210Pb

ZIOPb 3 21OBi

2103i 3 2!0P°

210P° ) ZOBPb

e) Mt mau chira 192 mg #°Ra tinh khiét dwoc gitr trong 40 ngay. Di theo chudi
phan ra trén, hay xac dinh ddng vi nao (khéng k& Ra) |a déng vi d4u tién khong
dat duoc trang thai can bang phong xa.

f) Bing cach dém sb6 nhép nhay, ngudi ta xac dinh duwgc tdng tbc 46 phat ra cac
hat o clia mau 1a 2,77.10" Bg (1Bq = 1 nhép nhay.s™). Sau d6, mdu duwoc gitr
trong binh kin trong théi gian 163 ngay. Hay tinh s6 hat o tao thanh.

g) Két thuc 163 ngay, miu chtra 10,4 mm® He do & 101325 Pa va 273 K. Hay
tinh sb Avogadro tlr cac der kién trén.
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h) Cho nguyén ttr khéi clia ?°Ra, xac dinh bang khéi phd, 1a 226,65. Hay sir
dung gia tri s6 Avogadro cho trong sach tra ctru (6,022.10%° mol™') @é tinh sé
nguyén t&r ?°Ra c6 trong mau ban dau n%k,, hang s6 téc dd phan ra A va thoi
gian ban huy ti (tinh béing ndm) ctia *®Ra. Chi cAn quan tam céc phan ra cho
dén khi tao thanh ddng vi da xéac dinh dwec & muc (e) va khong ké dén ca sy
phan ra clia Gbng vi nay.

no_ - -
Ra = A=

t=
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Phwong phéap C - Sy phan bé hat (Perrin, 1909)

M6t trong cac phwong phap chinh xac du tién dé xac dinh sé Avogadro Ia nghién
ciru sy phan bd theo phuwong thdng dirng clia cac hat keo, dwgc nha twong hoa
trong nwéc, dwdi tdc dung cla trong Iwe. Trong mét thi nghiém nhw vay, cac hat c6
ban kinh 2,12.107 m, khéi Iwong riéng 1,206.10° kg.m™ duwec nha twong hod trong
mét 6ng chira nwdc & 15 °C. Sau thoi gian cAn d& dat dén can béng, nguwdi ta dém
dwoc sb lwgng trung binh clia cac hat trong mét don vj thé tich, quan sat dwgc & 4
d6 cao khac nhau so véi day 6ng:

d6 cao (10°m) 5 35 [65 |95

sé hat trung binh trong

mét don vi thé tich | 00 | 1.88 10,80 | 0,48

) Gia dinh cac hat c6 hinh cdu. Hay tinh: khéi lwgng m cla méi hat; khéi Ivgng
nwéc bj hat chiém chd muzo; khéi lugng hiéu dung con lai m* cla hat trong nwéc
dé hidu dwoc nguyén nhan cta sy ndi lo Iirng (cha y réng strc ddy 1am vat ndi lén
lién quan v&i thd tich nwéc bj chiém chd). Cho khéi lwgng riéng clia nwoc 1a
999 kg.m™.

m= Mu20 =
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& trang thai can bing, sb hat trong mét don vj thé tich & nhitng dé cao khéc nhau
c6 thé tuan theo phan bd Boltzmann:

Dy =exp _E" _E"“
My, RT

Trong 46, ny 1a s6 hat trong mét don vj thé tich & d6 cao h,
Nno 14 b hat trong mét don vij thé tich & d6 cao tham chiéu hg
Ep 14 thé nang trong trérng clia mét mol hat & do cao h so véi day 6ng.
R 12 hiing sb khi 8,3145 J K™ mol™".

Dung céc s lieu ctia bang trén, ngwdi ta vé dd thi dwdi day vé sy phy thude cua
In(nw/nno) vao (h-hy). B cao tham chiéu dworc lay la 5 pm tir ddy 6ng.

0 20 40 60 80 100

-0.5

-1.0 \
-1.5 X‘\

-2.5

In(np / Nhy)
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j) Rutra mét bidu thirc bidu dién hé sé goc clia db th.

k) Tinh s Avogadro ttr cac dir kién cua d6 thj nay.
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Bai 2 10% tong s6 diém
Sw hinh thanh Hz trong vii tru

2a|2b|2c|2d|2e] 2f | 2g | 2h | 2i | Téng

2|12 | 4|26 |6|3]2]6 33

Néu hai nguyén t&r va cham v&i nhau trong vh try, nang lwgng cia cac phan tir
duoc tao thanh sé I&n dén mirc n6 sé nhanh chéng bi phan huy. Cac nguyén tir
hidro chi phan trng dwec véi nhau tao thanh phan t& H, bén trén bé mét clia cac hat
bui. Céc hat bui hdp thu phan I&én nang lwgng du thira va phan t& Hz hinh thanh
nhanh chéng duwoc gidi hdp. Trong bai nay, ching ta sé& kiém tra hai co ché dong
hoc ctia sw hinh thanh Ha trén bé mat cac hat byi.

Trong ca hai co ché, hdng sé téc d6 hap phu cac nguyén tir H trén bé mit cac hat
bui d&u bing ks = 1,4.107° cm®s™'. Mat d6 dién hinh clia s6 nguyén tl H (sé nguyén
ttr H trong mot don vi thé tich) trong va tru 1a [H] = 10 cm™

[Chu thich: Sau day thi sinh ¢ thé xem sb nguyén tlr hap phuy trén bé& mat va mat
do (tinh béng sb nguyén t&r khi trong mét don vj thé tich pha khi) nhw cac ndng do
thudrng diing trong phurong trinh tée do. Do d6, don vj clia cac hdng sb tbe d6 c6 thé
la la véi thi sinh. Téc dd phan (rng c6 cac don vj Ia s6 nguyén tlr hodc phan tir trong
moét don vj théi gian).

a) Tinh téc 6 hap phu céc nguyén tir H 1én mét hat bui. Cé thé gia dinh réng téc
@6 nay ludn ludn |a hang sd.
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Giai hdp phy cac nguyén t&r H tuan theo quy luat déng hoc béc nhét dbi voi sb
nguyén i 8a bj hap phu. Héing sé téc d6 cla giai doan gidi hép 1a ky= 1,9.107 7.

b) Gia st ring chi xay ra sy hdp phu va gidi hAp. Hay tinh tri 6 N clia s nguyén
tr H trén b& mit mot hat buyi khi hé dat dén can béng.

Céac nguyén t&r H di chuyén trén bé mat. Khi gap nhau ching phan (rng tao thanh Ha,
phan tr nay sé bj gidi hap. Do nhirng quan diém khéc nhau, ngudi ta dwa ra hai co
ché dong hoc khac nhau, nhung chép nhéan cac gia tri gidng nhau cla céc hang sb
téc dd ks cho sy hép phu, kg cho gidi hap, va k, cho phan (rng Iwdng phan ti:

ke=1,4.10" cm®s™
ks=19.103s™"
k =5,1.104s™
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Coché A

Phan (rng tao thanh H, duwegc gia dinh 1a bac hai. Trén méi hat bui, toc do tieu hao
c4c nguyén tr H do phan (rng nay 1a kN2,

c) Viét mot phirong trinh @é tinh tbc 66 bién dbi ctia N, bao ham ca cac qua trinh
h&p phu, gidi hdp va phan rng hoa hoc. Bing cach gia dinh cac diéu kién cla
trang thai dirng, hdy xac dinh gia tri N.

N=

d) Tinh tc d6 hinh thanh H, trén méi hat byi theo co' ché nay.
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CochéB

Co ché B tim c4ch phan tich xac suét dé cac hat byi mang 0, 1 hodc 2 nguyén tr H.
Ba trang thai trén chuyén hoa I1an nhau theo so dd phan (rng dwéi day. Gid dinh
réng khéng thé cé nhiéu hon 2 nguyén tir bi hdp phu ddng thoi.

0~ 2

Xo, X1, X2 14 phan clia sb céc hat bui tdn tai & trang thai 0, 1 hodc 2 twong ¢ng. Cac
phédn nay co6 thé x(r Ii twong tw nhwr céc ndng do trong nghién clru dong hoc tiép
theo. Bi véi mot hé & trang thai m véi phan xn,, téc dd cla 3 qua trinh ¢6 thé xay ra
la;

Hép phu (m — m + 1): tbc 66 = ka[H]xm
Gidi hdp (m — m - 1): téc @0 = kgmxm

Phan ting (m — m - 2): tbc 6= Y2 k. m(m-1)Xm

e) Viét cac phuong trinh cho téc 6 bién thién dx,/dt cia cac phan xg, X1 va Xo.
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f) O céc diéu kién clia trang thai dirng, hay str dung cac phwong trinh tbc 86 &
trén dé tim cac biéu thire bidu dién cac tf sé x4 va x4/xova tinh céc tf sé nay.

g) Tinh céc phan x,, x4 va x, & trang thai dirng.

[Néu khong dwa ra dwoc cac ti s trong (f), hay dat x/x; = a va x+/Xp = b rdi dua ra
céac két qua béng tinh toan dai sd].
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h) Tinh téc @6 tao thanh H trén méi hat byi theo co ché nay.

i) Hién nay chwa thé do duwoc téc do clia phan (rng nay bing thwc nghiém,
nhwng cac mé phdng may tinh hién dai nhat cho gia tri tbc d6 14 9,4.10%s™.
Nhing ¥ kién nao dwéi day &p dung dugc cho méi co ché trong cac didu kién

nhw vay? Danh ddu vao 6 thich hop.

Y kién

Co ché
A

Co ché
B

Khéng
phu hgp
véi co’
ché nao

Hép phu cac nguyén tir H la giai doan quyét
dinh téc do.

Gidi hép phy c4c phan t& H, Ia giai doan
quyét dinh téc @o.

Phan ng lwdng phén tlr cia cac nguyén tr
H trén bé mét 1 giai doan quyét dinh tdc do.

Hap phy nguyén t& H the hai la giai doan
quyét dinh téc do.

Viéc ngdm gid dinh rdng phan (rng c6 thé
xay ra khéng lién quan dén sé nguyén tir bj
hap phy din dén nhirng sai s6 nghiém trong
(it nhéat 1a mot thira s6 2).

Gidi han sé nguyén t& bj hip phy trén mai
hat bui bang 2 din dén sai sé nghiém trong
(it nhét 1a mot thira s6 2).
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Bai 3 9% tong s6 diém
n tinh protein

32 [3b | 3c |3d| 3e | 3f | 3g | 3h | Téng

25 (35 1 6 2 4 2 2 23

Péi v6i cac phan tlr protein nhd, phan ng khdng bién tinh cé thé biéu dién theo can
béng sau:

Protein bién tinh =—==== Protein khong bién tinh

Ta ¢6 thé giad sir rdng cac phan rng bién tinh protein chi xay ra qua mét giai doan.
Can béng ctia phan &ng protein khéng bién tinh nay thay déi theo nhiét 9. Nhiét o
néng chay T, dugc dinh nghia la nhiét 46 ma tai d6 mét nira s6 phan t&r protein bj
bién tinh va mét nira s6 phéan ttr khong bi bién tinh.

Cuwong dd cla tin hiéu huynh quang clia mét mau protein Chymotrypsin Inhibitor 2
(C12) néng @6 1,0 uM duwoc do tai bwédc song 356 nm thay dbi theo nhiét do trong
khodng 58 dén 66 °C:

Nhiét a4 (°C) 58 60 62 64 66
Cudng d6 huynh
quang (don vi) 27 30 34 37 40

Tin hiéu huynh quang ctia mét mau protein néng d8 1,0 uM c6 céc phan tlr da bj
bién tinh hoan toan, do dwgc 1a 21 don vi & 356 nm. Tin hiéu huynh quang ctia mét
méau protein cling néng d3 1,0 uM nhwng cac phan tir hoan toan khéng bién tinh, do
dwoc 1a 43 don vi.
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a) Gia str réing cwdng @0 huynh quang clia cac protein bién tinh hodc khéng bién
tinh déu ti 1& thuan v&i ndng d@d cua no, tinh 1 1& x ctia cac phan tlr protein khong bj
bién tinh & méi nhiét ao.

Nhiét G6
o 58 60 62 64 66
(°C)

X

b) Viét biéu thirc cho héng sb can bing K theo x va tir 6 tinh cac gia tri K & mébi
nhiét d6 trong bang sau.

Nhiét 6
° 58 60 62 64
(°C) 66

K
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c) Hay xac dinh nhiét d6 T,, cGia protein da cho (chinh xac dén 1 °C).

Tm=

Gia st riing cac gia tri AH® va AS® clia phan trng khéng bién tinh protein 1a hing sé
theo nhiét a9, ta cé:

_AH°

InK = RT

+C

trong d6 C 1a héng sb.

d) V& mét 6 thj thich hop va tir 6 xac dinh cac gia tri AH® va AS® cla phan tng
khong bién tinh protein.
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AH° = AS® =

Néu khdng tinh dwgc cac gia tri AH® va AS® cGa phan trng trén, thi sinh c6 thé
diing céc gia trj khéng dung duwdi day dé tinh toan cho cac cau héi tiép theo:

AH® = 130 kJ mol™’ AS° =250 J K™ mol™!
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