L OLYMPIC HOA HOC VIET NAM:
KY THI CHON HOC SINH GIOI QUOC GIA NAM 2003 (BANG A)
1. Nhém clorua khi hod tan vao mét sé6 dung méi hodc khi bay hoi o nhiét do khong qua
cao thi ton tqi ¢ dang dime (41;Clg). O nhiét d¢ cao (700°C) dime bi phdan li thanh monome (AICl3). Viét
céng thire cdu tqo Lewis cua phdn tir dime va monome; Cho biét kiéu lai hod ciia nguyén tir nhom, kiéu
lién két trong moi phan tir ; Mé ta cdu triic hinh hoc ciia cdc phan tir do.
2. Phan tir HF va phén tir H;O c6 momen luéng cwe, phdn tir khoi gan bang nhau (HF 1,91
Debye, H,O 1,84 Debye, Myr 20, MHZO 18); nhung nhiét do nong chay cua hidroflorua la
— 83°C thdp hon nhiéu so véi nhiét @6 nong chay cia mede da la 0°C, héy gidgi thich vi sao?
BAI GIAL:
1
* Viét cong thire cdu tao Lewis ciia phén tir dime va monome.
Nhém ¢6 2 s6 phoi tri dic trung la 4 va 6. Phit hop véi quy tdc bt ti, cdu tao Lewis ciia
phan tur dime va monome:

v . .

. : Cl Cl-
Monome :gl — Al — QI: < dime \ \ \ /
|c1 7 \Cl‘

* Kiéu lai hod ciia nguyén tir nhém : Trong AICI; la sp” vi Al ¢6 3 cap electron hod tri;
Trong AL,Clg la sp’ vi Al ¢6 4 cdp electron hod tri .
Lién két trong moi phan tir:
AICI; ¢6 3 lién két cong hod tri ¢é cuc giiva nguyén tir Al véi 3 nguyén tir CI.
ALCls: M6i nguyén tir Al tao 3 lién két cong hod tri véi 3 nguyén tir Clva 1 lién
két cho nhén véi I nguyén tir CI (Al: nguyén tir nhdn; CI nguyén tir cho).
Trong 6 nguyén tir Cl c6 2 nguyén tir CI c6 2 lién két, 1 lién két cong hod tri théng thirong
va lién két cho nhdn. Cl
* Cdu triic hinh hoc: 0
Phan tir AICI3: nguyén tir Al lai hod kiéu sp® (tam gidc phdng) 120
nén phan tir c6 cau triic tam gidc phang, déu, nguyén tir Al &
tdm con 3 nguyén tw Cl o 3 dinh cua tam giac. Cl ' ~_" (I

Phan tir AL,Cly: cdu triic 2 ti dién ghép véi nhau. Moi nguyén

tir Al la tam ciia mot tir dién, moi nguyén tir Cl la dinh cia tir ),

dién. Co 2 nguyén tw Cl la dinh chung cua 2 tir dién. \
e Al !
O Cl O:
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* Phan i H-F | M=20 won M7I8
= 1,91 Debye n = 1,84 Debye

6 thé tao lién két hidro — H " F — 6 thé tao lién két hidro — HO —



* Nhiét dé nong chay cia cdc chdt ran véi cde mang ludi phan tir (it i la cdc phdn tik)
phu thudc vao cdc yéu to:
- Khéi lwong phdn tir cang I6m thi nhiét do néng chdy cang cao.
- Luc hut giita cdc phan tir cang manh thi nhiét dé nong chay cang cao. Luc hut

gifta cdc phén tir gom: luc lién két hidro, luc lién két Van der Waals (luc dinh hieéng, luc
khuéch tn).
*Nhan xét: HF va H;O c6 momen luong cuc xap xi nhau, phan tir khoi gan bang nhau va
déu cé lién két hidro kha bén, dang 1€ hai chat ran d6 phdi cé nhiét d¢ néng chay xdp xi
nhau, HF co nhiét do nong chay phai cao hon cua nuoc (vi HF momen luong cuc lon hon,
phdn tir khoi 16n hon, lién két hidro bén hon).

Tuy nhién, thuc té cho thdy Ty. (H0) = 0°C > T,.(HF) = — 83°C.
* Giai thich:

Moi phin tir H-F chi tao dwoc 2 lién két hidro véi 2 phdn tir HF khdc & hai bén
H-F~H-F~H-F. Trong HF rin cdc phan tie H-F lién két véi nhau nho lién két hidro tao thanh chudi mét
chiéu, giita cdc chudi dé lién két véi nhau bang lwc Van der Waals yéu. Vi vay khi dun néng dén nhiét
d¢ khéng cao lam thi lyc Van der Waals gitta cdc chudi dd bi phd vé, dong thoi méi phan lién két hidro
citng bi pha v nén xay ra hién tugng nong chay.

Moi phén tr H-O-H co thé tao duwoc 4 lién két hidro voi 4
phan tir H>O khéc nam ¢ 4 dinh cua ti dién. Trong nuwée dd moi
phan tir H,O lién két voi 4 phan tir H>O khdc tao thanh mang heéi
khéng gian 3 chiéu. Mudn lam néng chay nuwde da can phdi phé vé mang
i khéng gian 3 chiéu voi sé lwong lién két hidro nhiéu hon so véi & HF
ran do dé doi hoi nhiét dé cao hon

_ KY THI CHON HOC SINH GIOI QUOC GIA NAM 2003
(BANG A)

Kim loai A phéan tmg vé6i phi kim B tao hop chit C mau vang cam. Cho 0,1 mol hop
chét C phan tng véi CO, (du) tao thanh hop chat D va 2.4 gam B. Hoa tan hoan toan D
vao nudc, dung dich D phan tng hét 100 ml dung dich HC1 1 M giai phong 1,12 1 khi
CO, (dktc). Hiy xac dinh A, B, C, D va viét cac phuong trinh phan tng xay ra. Biét hop
chat C chira 45,07 % B theo khdi lugng; hop chat D khong bi phan tich khi nong chay.
BAI GIAL:
ngc = 0,1 mol ; nCO,= 0,05 mol

Dung dich D phan tmg hét 0,1 mol HCI giai phong khi CO, — Do
N, 0, 05 1
suy ra hop chat D 1a mubi cacbonat kim loai. Hop chit D khong bi phén tich khi nong
chay, vay D la cacbonat kim loai kiém. 2H" + CO32' =H,0 + CO,
C+CO,=D+ B — C la peroxit hay superoxit, B 1a oxi.
Dat cong thirc hoa hoc cua C 1a AOy .

Lugng oxi trong 0,1 mol C (AxOy ) Ipn 16 x 0,05 + 2,4 =32 (g); mc= - =7,1 gam

Mc=7,1:0,1=71(g/mol). my trong C=7,1-3,2=3,9(g).

32.32 | M,=39(2) Viy AlaK:B1a 0: Cla KOs : D la K>CO;s
M, 16

X:y=



Céc phuong trinh phan ng: K+ 0, - KO,
4 KO, +2CO, -2 K,CO;3 +30, T
K,COs5 + 2 HCl — 2 KC1 + H,0 + CO, T
KY THI CHON HOC SINH GIOI QUOC GIA NAM 2004 (BANG A)

Viét phwong trinh hod hoc cho méi truong hop sau:

a) Cho khi amoniac (du) tac dung voi CuSO4.5H; O.
b) Trong moi truong bazo, H,O; oxi hod Mn’" thanh MnQO.,.
Trong méi triong axit, H,O; khir MnO; thanh Mn”" .
BAI GIAL:

a) Co thé viét CuS04.5H,0 ¢ dang [Cu(H>0)4] SO4.H,0. Do do khi phan iing xay ra, NHs sé thé cdc
phan ti H,O o cau noi:

[Cu(H;0),] SOL.H,O0 + 4NH; ——» [Cu(NH3),] SOLH,0 + 4 H,O
b) H,0, + 2e ——» 20H Su khi
Mn®" + 40H - 2e — » MnO, + 2H0 Su oxi hod
Mn®" + H0, + 20H ——» MnO, + 2H0
¢) 2| MnO, + 8H;0" + 5¢ —» Mn’" + I2H,0  Sukhi
51 H0, + 2H0 - 2e —» 0O, + 2H;0" Swoxihod
2MnO; + 5H0, + 6H;00 ——» 2 Mn*t +50, + 14H,0

KY THI CHON HOC SINH GIOI QUOC GIA NAM 2005 (BANG A)

Nhiing hai tam kém, moi tam c6 khoi heong 10 gam vao hai dung dich muéi kim logi hod tri hai.
Sau mot thoi gian xac dinh, lcfy hai tam kém ra khéi dung dich, ria sach, lam kho roi can lai. Két qua
cho thdy mét tam c6 khoi lwong 9,5235 gam, tam kia c¢é khéi lwong 17,091 gam.

Cho biét: Mot trong hai dung dich mudi kim loai hod tri hai la mudi sdt (11); lwong kém tham gia
phan ung ¢ hai dung dich la nhu nhau.
1. Gidi thich hién twong xay ra ¢ moi dung dich.
2. Cho biét kim loai nao tham gia vao thanh phan dung dich mudi thit hai.

BAI GIAI: ,
1. Khi nhung tam kém vao dung dich muoi Fe(Il):
Zn + F&*' ———Zn"" + Fe (1)

Vi: Mg, < My, nén khoi luwong tam kém giam di.
Khi nhiing tam kém vao dung dich mudi thir hai X**
n + X° —— 't + X )
Vi: My, < My nén khoi luwong tam kém tang lén.
2. Goi x la s6 mol Zn dd phdn vmg, theo (1) ta cé:
(10 —65,38x) +55,85x = 95235 s x=0,05 (mol)
Vi lwong Zn tham gia phan ung o 2 truong hop la nhw nhau, theo (2) ta co:
(10 — 65,38 x 0,05) + My x 0,05=17,091 ——> My =207,2.



Vay X°" la Pb*Y, X la Pb
Zn + PV 7’ + Pb

KY THI CHON HOC SINH GIOI QUOC GIA NAM 2005 (BANG A)
Hoan thanh cac phwong trinh phan wng sau day:

1. NaCl + H>SO,dac, nong —
2. NaBr + H,SO0,ddc, nong —
3. NaCIlO + PbS —
4. FeSO, + H,SO, + HNO, —
5. KMnOs+ H>SO, + HNO; —
6. NaNO; + H>SOy4lodng —
BAI GIAL:
1. NaCl + H,SO, (dac, nong) — HClI + NaHSO,
hoac 2 NaCl + H>SO, (ddac, nong) — 2HCl + Na)SO,
2. 2 NaBr + 2 H,SO0, (dac, nong) — 2 NaHSO, + 2 HBr
2HBr + H)SO,(ddc, nong) — SO, + 2H,O + Br
2 NaBr + 3 H>SOy (dac, nong) — 2 NaHSO, + SO, + 2 H,O + Br;
4 NaCIO + PbS — 4 NaCl + PbSO;,

2FeSO; + H)SO, + 2HNO, —  FexSOy; + 2NO + 2HO

2 KMnO4+ 3 H,SO; + 5 HNO, —— K,SO4 + 2MnSO, + 5 HNO; + 3 H,O
3 NaNO, + H>S0, (loang) ;NagSO4+NaN03 + 2NO + H,0

SR NS

KY THI CHON HOC SINH GIOI QUOC GIA NAM 2005 (BANG A)

Dot chdy kim loai magie trong khong khi. Cho san pham thu dwoc tic dung voi mot lwong du
dung dich axit clohidric, dun nong roi co dung dich dén can khé. Nung néng san pham méi ndy va lam
ngung ty nhing chdt bay hoi sinh ra trong quia trinh nung.

Hay viét cdc phuwong trinh phdn iing dd xay ra trong thi nghiém trén va cho biét ¢é nhiing chdt gi
trong san pham da ngung tu duwoc.

BAI GIAL:
Cac phan vng:
2Mg + O, _> 2MgO
3Mg + N>, 5 MmN,
MgO + 2HCI ——> MgCl, + H,0
Mg3N2+ SHCZ > 3MgC12 + 2NH4C1
MgCL6H,0 _Ys MgO + 2HCI + 5SH0
NH,CI t° NH; + HCI E NH,CI

Sdn pham dwoc ngung tu: NH,CI ; H;O ; HCI.
II.  OLYMPIC HOA HOC QUOC TE:




OLYMPIC HOA HQC QUOC TE LAN THU 28:

Su polime héa lap thé cua hydrocacbon chwa no thudng dugc coi 1a mot trong nhirng phan tmg
quan trong trong hoa hoc hitu co cong nghiép. Mudi ciia cc cation 16n khong thang hang mang dién tich
du 16n dé tan cong vao mat do electron phan bd doc theo cac lién két nt ctia phén tir olefin thudong duoc
ding dé 1am chat xtic tac trong cac qha trinh nay. Anion cloroaluminat (AICly) thuong dugc ding do co
dién tich am dugc bat dinh cao. Nhu cau phat trién chat xuc tac mdi thudc loai nay da thic ddy cac nha
hoa hoc khao sat tuong tac trong hé thong A — B, trong d6 A = Te (két tinh) va B = TeCl, + 4A1Cl;. Hop
phan thr hai — B - dugc coi nhu 1a mot chat tuong tr Te(1V) — cloroaluminat Te[AICl4]4, nhung lai
khong thé ¢6 1ap duoc hop chit nay dudi dang hop chat riéng biét. Ngwofi ta thdy rang tuong tac cua
cac hop phan A va B ¢6 thé din dén su tao thanh ba hop chat méi I, 11 va III trong cac hé thong luc dau
c6 chira theo thir ty 77,8; 87,5 va +1,7% theo s6 mol ciia hop phén A. Nguoi ta ciing d4 nhan thay trong
truong hop cac hop chat II va III khong c6 su tao thanh san pham phu kém theo, nhung sy hinh thanh
hop chét I duoc kém theo su giai phong 1 mol TeCly dé bay hoi timg véi 2 mol .

Ca hai hop chat déu co6 mau tim hong va ca hai phan li thanh 3 ion ma khao sat tinh dan dién
trong NaAICly cho thay: Tir phép do nghiém lanh tong NaAICl, néng chay cho phép tinh duge khdi
lugng mol phan tir ctia I va II 1an luot bang 1126+43g/mol va 867+48g/mol. Phd hong ngoai IR cia ca
hai hop chat chi quan sat dugc c6 mot dai co thé duoc gan cho kiéu rung cua lién két tAOo bai mot
nguyén tir Te. Dai nay nam tjai 133cm™ va vi vay c6 nang lugng thip dén ndi khong nghi ngd gi nita
lién két nay 12 mot loai Te-Te. S6 liéu phd cong hudng tir hat nhan 2’ Al NMR cua cac phire I va IT cho
thdy chi c6 mot loai nhém phd tri tir dién trong mdi hop chit. Tuy nhién do doi hoa hoc quan sat dugc
ctia nhom voi cac hop chit I va II khac nhua, nhu thé cho thdy cac nguyén tir Al & trong cac méi trudng
khéc nhau.

1. Hay xac dinh ti 1 nguyén tir t6i thiéu cta Te:Al:Cl véi cac phirc I, 1T va IIL

2. Viét cong thirc phan tir ca cac hop chat I va IL.

3. Viét cong thirc cac anion va cation trong hop chét I va II.

4. Viét cong thirc hoa lap thé cua cac cation va anion trong ciu tao ctia I va II. Gia thiét ring cac
cation trong I va II 1a nhimng vi du ctia hé théng thom vo co.
[ hay II c6 do bén nhiét cao hon. Biét ré“mg AICl; 1a mot chit cuc ky dé bay hoi.

6. Néu mot trong cac hop chat I va II ¢6 thé chuyén thanh chat kia khi dun nong thi hay viét

phuong trinh phan g tuong Gng.

BAI GIAI:

1. C6thé dung s6 liéu vé ham luong Te(két tinh) dé xac dinh cc ti 18 Te:Al:Cl, nhu vay:

77,8% Te (két tinh) twong tmg voi:

7Te (két tinh) + 2TeCl, + 8AICI; va ti 1& nguyén tir bé nhat cho thanh phan ma khong tach luong
du TeCly 1a Te:Al:Cl = 9:8:32, trong d6 ham luong Al va Cl 1a chén va c6 thé chia hét cho 4. tong luc
ham lugng Te vugt qua boi s6 ctia 4 1a 1. Trir mot mol TeCly tir ti 16 thu duoc rdi chia cho 2 ta duge
4Te+4Al+14C1 va ti 18 1a Te:Al:Cl = 2:2:7, ti 18 nay c6 thé duoc kiém tra lai bang cach so sanh véi khoi
luong phan tir da cho.

87,5% Te(két tinh) Gmg voi:

7Te (két tinh) + TeCly + 4AICl; = 8Te + 4Al + 16Cl va ti 1€ 1a: Te:Al:Cl =2:1:4

91,7% Te(két tinh) img vi:

11Te (két tinh) + TeCls + 4AICI; = 12Te + 4Al + 16Cl va ti I¢ 1a Te:Al:Cl = 3:1:4

2. Cong thire phan tir c6 thé dugc suy tir cac khdi luong phan tir. Ca hai déu tng v6i gip d6i cong
thirc don gian nhat:

Vi chat I: TesALClys.

Vi chat IT: TesALCls.

e



3. Thanh phﬁn cua cac ion co trong cAu taocualvall co thé duoc xac dinh béng cach dua trén dac
diém 14 ca hai chat I va IT déu 1a nhimg chit dién ly tao boi 3 ion va tat ca nhitng nguyén tir telu
phai twong duong theo phd IR va chi dugc lién két voi nhau, ciing nhur 1a cic nguyén tir Al trong
ca hai hop chat 13 twong tir va c6 phdi tri tr dién. [t nhat trong mot truong hop, c6 thé 1a anion
AICly phi hop v6i chit IT nén vi thé c6 cong thire 13 [Tes]* [AICL],. Do mau twong ty nén cic
cation trong ca hai truong hop 1 twong tu, ciu tao I phai chira cation [Tes]*" va anion [ALCLT,
didu nay phu hop véi cac sb lidu phd NMR, gan cho cac nguyén tir Al trong chét I ¢6 hinh hoc tir
dién khac so v6i hinh hoc tir dién cua chét I1.

Hop chatI:  Cation [Tes]* Anion [ALCl;]

Hop chat II:  Cation [Tes]*" Anion [AICL]
4. Hinh hoc cua cac anion:

AICly ¢6 ciu tao tir dién don

Cl

o A——Cl
cr

Al,Cl; gom hai tir dién c¢6 chung dinh mft nguyén tur clo
Cl

Cl

ciw A—ClI—Al UL
Cl cl , q
Hinh hoc cua cation: [Tes]*" ¢6 cdu trac vudng phing do 6 tinh thom. i
Cau hinh vuong phang 1a wu dai vi cation c6 tinh thom, c¢6 nghia la dong phang va c¢6 bon lién
két bang nhau cho céac canh cuia vong thom tuong ung:
Te----Te
]

Nex
Te----Te
5. Do bén nhiét cua chit II phai cao hon chit I; ca hai déu 1a cac hop chit ion v6i diém néng chay
cao, nhung hop chét I c6 thé chuyén thanh II bang phan tng tach AICI3, 1a mot chét rén dé tach
ra khi bay hoi va c6 thé tach ra mot cach twong dbi d& dang nhd dun néng.
6. Te4[A12C17]2 = Te4[AlCl4]2 + A1C13
OLYMPIC HOA HOC QUOC TE LAN THU 28:
Giéi han do 1a mot trong nhimng tham s6 co ban tong viéc phan tich dinh lugng mot lwong rat nho
(vét) ciia cac nguyén tb. Gii han do duge mé ta 1a khdi luong nguyén t6 bé nhat c6 thé duoc xac dinh
bang mot phuwong phéap cho trudc véi mot mire chinh xac cho trude. Vi du, xét hai phuong phap duoc
dung dé xac dinh vi luong ctia bitmut. Nam 1927, Bergh, nha héa hoc nguoi Dirc, dé nghi rang bitmut
c6 thé duoc két tia dudi dang mudi khong tan: 8-hydroxigiunonlin tetraiodobitmutat
[CoHs(OH)NH][Bils] c6 M = 862.7g/mol.
1) a) Viét cong thirc cdu tao cation va anion ctia mudi nay.
b) Mitc oxy hoa ciia nguyén tir Bi trong hop chat nay 1a bao nhiéu?
2) Xac dinh khéi luong nguyén tir bé nhit cua bitmut (theo mg) c6 thé dugc xac dinh mot cach dang tin
ciy bang phuong phap Bergh, néu khéi luong bé nhét cua chat két tua co thé do duoc mot cach dang
tin cay 1a 50,0mg.




Mot phuong phap khac do R.Belcher va cong sy tir Birmingham phat trién dé xac dinh ham
luong vét cia bitmut duoc goi la phuong phap da boi. Theo phuong phap nay, nguoi ta tién hanh mot
chudi cac phan tmg rdi tién hanh chuin do san pham cudi dugc mo ta chi tiét dudi day.

Buoc 1: Thém 50mg kali hexathioxianatocromat (III), Ks3[Cr(SCN)s] vao mot luong nho khoang
2mL dung dich lanh d4 dugc axit hod co chira mot lugng vét Bi* dan dén két tua dinh lwong cua bitmut,
3) Viét va can bfing phuong trinh phan img dudi dang ion thu gon.

Budc 2: Loc lay két tia, rira bang nudc lanh va xir Iy v6i SmL dung dich natri hydrocacbonat
10%. Viéc xir 1y nay giup chuyén két tiia ban dau thanh mot két tua khac — oxobitmut cacbonat —
(B10),CO; voi su giai phong ion hexathioxianatocromat (II1) vao dung dich.

4) Viét va can bang phuong trinh phan tng nay duéi dang ion thu gon.

Budc 3: Nudc loc duoc axit hoa nhe va chuyén sang phéu tach, sau d6 thém 0,5mL dung dich iot
bdo hoa trong clorofom va lic manh hdn hop. Iot tién hanh phan tng oxi hoa - khir véi ligand cua ion
phirc va tao thanh san phdm c6 ca xianogen iodua [ICN] va ion sunfat.

5) Viét va can bang phuong trinh phan tmg ndy dudi dang ion thu gon.

Budc 4: Sau 5 phit, thém 4mL dung dich H,SO, 2M vio hon hop. Su axit hoa nay dan dén phan
ung oxy hoa - khir voi sy tao thanh iot phan tir.

6) Viét va can bang phuong trinh phan tmg nay dudi dang ion thu gon.

Budc 5: Tach dinh luong iot bang 4 phan clorofom. Lép dung dich nude duoce chuyén vao mot
binh chtra, thém vao d6 ImL nudc brom va lic hdn hop trong 5 phit. Brom iy du c6 thé phan tmg dugc
v6i hydro xianua dé tao thanh xianogen bromua BrCN va voi iot dé tao thanh 105"

7) Viét va can bang phuong trinh phan tng nay dudi dang ion thu gon.

Budc 6: Dé loai lugng du brom phén tir, thém 3mL dung dich axit fomic 90% vao hdn hop.
8) Viét va can bang phuong trinh phan tng nay dudi dang ion thu gon.

Budc 7: Thém luong du kali iodua (khoang 1,5g) vao dung dich hoi axit ndy. Iot c6 thé phan tmg
v6i BrCN theo cach tuong tu nhu véi ICN dé tao thanh iot phan tir.

9) Viét va can bang phuong trinh phan img nay dudi dang ion thu gon.

Budc 8: Chuan d6 dung dich thu dugc bang dung dich Na;S;03 0,00200M ti€u chuén. Nhu vay
két qua thu duogc s& dung dé tinh ham luong bitmut trong mau dem phan tich.
10)  a) V&i mdi mol bitmut cé bao nhiéu mol thiosunfat trong mau ban dau?

b) Ham luong bé nhét cia bitmut ¢ thé xac dinh duoc bang phuong phap Belcher 1a bao nhiéu?
Gia thiét ring su xac dinh nay 1a dang tin cay néu da dung khong dudi 1mL dung dich Na,S,0;
0,00200M tiéu chuén.

11) Phuong phéap phan tich da bdi nay cta Belcher nhay hon phuong phép phan tich trong luong cia
Bergh bao nhiéu lan?
BAI GIAI:
1) a) Cong thirc cdu tao ciia cation va anion:
Cation:

X
®/
N

OH
Anion:



[—Bi—I

hay:
|
|\% //|

I
b) Murc oxy hoéa cua bitmut: +3
2) m=12,Img
3) Bi’" + [Cr(SCN)s]*" = Bi[Cr(SCN)]
4) 2Bi[Cr(SCN)s] + 6HCO; = (Bi0),CO; + 2[Cr(SCN)s]*” + 3H,0 + 5CO,.
2Bi[Cr(SCN)s] + SHCO5™ + 50H = (Bi0),CO5 + 2[Cr(SCN)s]” + 3H,0 v.v...
(C6 thé con c6 nhing dang khac)
5) [Cr(SCN)e]* + 241, + 24H,0 = Cr’" + 6SO4> + 6ICN + 421" + 48H"
6) ICN+T +H" =1, +HCN
7) a)3Bry + 1 +3H,0 =105 + 6Br + 6H".
b) Br, + HCN =BrCN + Br + H".
8) Br,+ HCOOH =2Br + CO, +2H".
9) a)I0; + 50 + 6H =31, + 3H,0
b) BrCN + 21"+ H =1, + HCN + Br’
10)a) Chuan dé iot bﬁng thiosunfat theo phan tng:
L+ 28203 = S4O6 + 2T
Gia thiét ring dung dich ban dau chira Imol Bi. Trong phan umng (5) mdi mol Bi dan dén sy hinh
thanh 42 mol ion iodua (dé thuan tién, chia tat ca cac hé s6 cua phan tng cho 2), trong d6 6 mol ion I
dugc tidu thy ¢ phan ting (6). Nhu vay 36 mol iodua phan (g theo phuong trinh 7a dé tao 36mol 105
ma v&i phan tng 9a cho 108 mol I, nén can 216 mol thiosunfat dé chuin do. Mit khac mot mol Bi*™ tao
ra 6 mol HCN theo cac phan tng (5) va (6). Brom oxy hoa HCN trong phan tmg 7b cho 6 mol BrCN,
ma theo phan tng 9b tao 6 mol iot nén can thém 12 mol thiosunfat nira. Nhu vay, tong s6 mol thiosunfat
can thiét 1a 228mol.
b) ta c6 thé tinh duoc két qua 1a: 1,83.10°mg = 1,83pg
11) 6600
OLYMPIC HOA HQC QUOC TE LAN THU 31:
Ligand (L) c6 thé tao phirc dugc v6i nhiéu kim loai chuyén tiép. L duoc tong hop do sy dun
noéng hdn hop gdm bipiridin, axit axetic biang va hydro peoxit dén 70-80°C trong 3 gio. San pham cudi L
két tinh dudi dang hinh kim nhuyén va c6 khéi lugng phén tir bang 188. Mot phan ng twong tu véi
piridin la:
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Phure cua L véi Fe va Cr c6 cong thire 1a FeL,(ClO4),.3H0 (A) va CrLCly(ClOs),.H>O (B).

Thanh phan phén tich nguyén té va tinh chét 1y hoc cia chung duoc cho trong bang 1 va 2. Quan hé giita
mau va budc song cho trong bang 3:

Bang 1: Thanh phan phan tich nguyén to:

Phurc Phan tich nguyén t5 (% khdi luong)
A Fe: 5,740; C: 37,030; H: 3,090; CI: 10,940; N: 8,640
B Cr: 8,440; C: 38,930; H: 2,920; Cl: 17,250; N: 9,080

Dung céc sb lidu sau:

S6 hiéu nguyén tu: Cr = 24; Fe =26

Khdi luong nguyén ti: H=1; C=12; O = 16; Cl = 35,45; Cr = 52; Fe = 55,8
Bang 2: Tinh chit vat Iy:

Phirc Momen tir u (B.M) Mau
A 6,13 Vang
B Khong do Tim
Bang 3: Quan h¢ gilra budc song va mau:
Budc song (nm) va mau hap thu Mau bd sung (mau bu)
400 (tim) Luc vang
450 (xanh) Vang
490 (luc xanh lam) Vang cam
500 (luc) bo
570 (luc vang) Tim
580 (vang) Xanh lam
600( Vang cam) Luc xanh lam
650 (do) Luc

A S

*

Viét cong thirc phan tir cta L.

Néu L 1a mét ligand cang cua hai rang, viét cdu tjao ctia bipiridin da dung. Viét cdu tao ctia L
Ligand L ¢6 dién tich tong cong 1a bao nhiéu?

Viét ciu tao khi mot phén tir L lién két v&i mot ion kim loai M

Tir cac s6 liéu ghi trong bang 1 hdy xac dinh cong thirc thuc nghiém ctia A. Gia tri cia m va n trong
FeLn(ClO4),.3H,0 la bao nhiéu?. Viét tén déy dua cua A theo quy tdn\c [IUPAC. Khi A hoa tan trong
nudc thi ti 1€ gilra cation va anion la bao nhiéu?

S6 oxy hoa ciia Fe trong A 1a bao nhiéu? C6 bao nhiéu electron d c6 mit trong ion Fe ciia phic? Viét
cAu hinh spin cao va spin thap co thé ton tai dugc ddi v6i phirc nay. Cau hinh nao, cao hay thap 1a
c4u hinh dang? Co6 chung cd nao la tdt nhat dé minh hoa két luan da chon?

Tur bang 3, wdc lugng budc song (nm) cia A.

Phan tich chi tiét B cho thiy n6 c6 chita ion Cr’". Hay tinh momen tir chi v&i spin ciia hgp chét nay.
Hop chét B 12 loai chét dién phan 1:1. Hay x4c dinh cong thirc thuc nghiém ctia B va cac gia trj clia
X, Y, z trong CrL,Cly(ClOs),.H,O.




BAI GIAI:

1.

(98]

Biét L duoc téng hop tir bipiridin va trong phan tmg bipiridin bi oxy héa don gian thanh bipiridin
oxit. Khi lugng phan tir ciia bipiridin 1a 156 (ctia C1oHgN>) trong khi khéi lwong phén tir cia L 1a
188. Khac biét 32 do hai nguyén tir oxy. Vi vay cong thirc phan tir cua L 1a C;oHsN,O..

Céu tao cua bipiridin:

\_/ \_/

Cau tao c6 thé co cua L:

Dién tich tong cong cua ligand L: khong.

Céu tao:
\ /) Y
O\ y /O
Cong thuce thuc nghiém cta A la: FeCsoH30CI3NgOy;

m=3; n=3
Cong thuce cua phuec: [FeL;](ClO4)3.3H,0
Ti I€ cation va anion la: 1:3
Sb oxy hoa cua Fe: +3
S electron d trong ion Fe cua phirc: 5
CAu hinh spin cao: (tzg)3 (eg)2
CAu hinh spin thap: (‘[zg)s(eg)0
CAu hinh duang: spin cao do c6 momen tur tinh dugc dya vao s6 e doc than 13 5,92B.M con spin

thép l1a 1,73B.M. So sanh vi gia tri momen tir do dugc trong bang 2 ta rut ra duoc két luan trén.

7.
8.
9.

450nm

3,87B.M
CrC20H13N4C1309
Xx=2



y=2
z=1
OLYMPIC HOA HQC QUOC TE LAN THU 32:

Phtrc vudng phing cis-diaminodicloroplatin (II) 1a mot duge phdm quan trong dé diéu tri

ung thu.
1. Viét cac d@)ng phan cis va trans cua phuc.

Mot s6 ion cling c6 cong thirc nguyén Pt(NH;),CL.

2. Viét tht ca cong thuce co thé co cua ion trén nhung phai théa mén cac diéu kién sau:

- C6 cong thirc nguyén Pt(NH;),Cl.

- Anion va cation phai duoc viét rd va tat ca phai co cau trac vudng phang.

- Anion va cation phai thé hién duoc su t6n tai ciia mdi phirc platin (II) riéng biét ctia

mdi hop chat.
3. Lop 5d cua platin c6 bao nhiéu electron?

Sy tach mirc nang lugng trong gian d6 niang lugng obitan d cua phirc vuong phang lién
quan dén phuc bat dién do lien két kim loai — ligand: Néu céc ligand nam trén tryc z bién mat
ma lién két kim loai — ligand véi cac ligand nam trén tryc x va y trd nén manh hon.

4. Trong sb 5 obitan 5d cua platin, trong phtrc Pt vudng phang thi obitan nao c6 muc ning
luong cao nhat?

BAI GIAI: , ‘
1. Cong thirc cau tao cac dang dong phan cua phan tir cis-diaminodicloroplatin (II): (1
diem)
CI\Pt/NH3 H N\ /CI
\
c”” NH, o NH;
cis trans

2. [Pt(NH;),4][PtCly].
[Pt(NH;);Cl][Pt(NH;)Cls]
[Pt(NH;);CI]5[PtCly]
[Pt(NH3)4][Pt(NH;)Cl3]>
3. 8
4. 5d. .. Trong phtec tir dién 4 ligand déu nam trén dudng phén giac cta hai truc x va y.

Néu duoc dﬁy du electron thi mat do electron s€ cao hon.
OLYMPIC HOA HQC QUOC TE LAN THU 33:
Phim den trang chira 16p pht bac bromua trén nén 1a xenlulozo axetat.
1. Viét phan img quang hoa xay ra khi chiéu anh sang vao 16p AgBr phu trén phim.
2. Trong qua trinh nay thi lugng AgBr khong duoc chiéu sang sé bi rira bang cach cho tao phuc boi
dung dich natri thiosunfat. Viét phuong trinh phan tmg.
3. Ta c6 thé thu hdi bac tir dung dich nudc thai bang cach thém ion xianua vao, tiép theo 1a kém.
Viét cac phan ing xay ra.
BAI GIAI:
1. Phan tng: 2AgBr(r)——>2Ag(r)+ Br, / 2Br e
2. AgBr(r) + 2Na,S,03 — Na3[Ag(S,03),] + NaBr
3. [Ag(S203)]" + 2CN — [Ag(CN) + 285,05




[Ag(CN)z] +7Zn — [Zn(CN)4] + 2Ag
OLYMPIC HOA HOC QUOC TE LAN THU 36:

Trong qua khir 3 c6 mot s cong trinh vé viée didu ché cac hop chét ciia canxi hoa tri 1. Mic du
ban cht cta cac hop chét y van chua dugc biét nhung chiing da tao ra duoc mot su quan tam rat 16n
ddi voi cc nha hoa tinh thé.

C6 thé chuyén CaCl, thanh CaCl bang: canxi, hydro, cacbon.

1. Viét cac phan tng xay ra.

Cho CaCl, phan mg véi Ca theo ti 18 1:1 ta chi nhan duoc mot chit mau xam khong dong nhét.

Nhin duéi kinh hién vi ta thdy c6 mot phin mau bac va tinh thé khong mau.
2. Tinh thé khong mau va phan c¢6 anh kim 1a ctia chat nao?

Cho CaCl, phan mg v&i hydro nguyén tir ngudi ta thu duge san phdm mau trang chira 52,36%
Ca va 46,32% Cl vé khdi lugng.

3. Xay dung cong thirc thuc nghiém cho hop chat trén.

Khi CaCl, tac dung véi cacbon nguyén t6 ta thu dugc tinh thé mau do. Ti 1é s6 luong nguyén tir
xac dinh dugc bang phép phan tich nguyén t6 1a n(Ca):n(Cl) = 1,5:1. Thuy phan chét nay thi thu duoc
san pham nhu thily phan Mg,Cs.

4. a) Viét hai dong phan (mach khong vong) ctia chat sinh ra khi thily phan.

b) Viét phuong trinh phan Ung xay ra (gia sir khong sinh ra CaCl)

Khong phan tig nao trong cac phan tmg trén cho phép ta xac dinh duoc cau tric ciia CaCl. C6
thé gia thiét raing CaCl c6 mang tinh thé twrong tu nhu ciu tréic tinh thé don gian.

Cho biét ti 1¢ ban kinh cation cila cac hgp chat MX dugc cho & bang:

S6 phdi tri cia M | Hinh dang ctia cac Ti I¢ ban kinh: Kiéu cau tric Nang lugng mang
nhom X bao quanh M/TX i cua CaCl
A H®
3 Tam gi4c 0,155-0,225 BN -663,8 kJ.mol
4 T dién 0,225-0,414 ZnS -704,8 kJ.mol”!
6 Bat dién 0,414-0,732 NaCl -751,9 kJ.mol”'
8 Lap phuong 0,732-1,000 CsCl -758,4 kJ.mol”'

a) CaCl c6 kiéu cu truc tinh thé nao?. Biét r(Ca®") ~ 120pm; r(Cl) ~ 167pm
Mudn biét CaCl c¢6 bén nhiét dong hay khong ta khong chi sir dung A H® ma con sir dung AHs.
b) Tinh AH; ctia CaCl véi cac $b liéu da cho
Pé xac dinh CaCl c6 bén nhiét dong hay khong ta phai tinh AH® ctia qua trinh
2CaCl — Ca + CaCl, (b6 qua AS)
6. St dung tinh toan cho biét phan tmg trén c6 xay ra hay khong?
BAI GIAL:
1. CaCl, + Ca=2CaCl.
2CaCl, + H, = 2CaCl + 2HCI
4CaCl, + C =4CaCl + CCla.
2. Tiéu phan c6 anh kim mau bac: Ca
Tinh thé khong mau: CaCl,.
3. n(Ca):n(Cl):n(H)=1:1:1
Cong thtrc thuc nghiém: CaCIH
Luu ¥ rang phan tmg gitta CaCl, va hydro khong thé nao din dén CaCl ma thay vao d6 1a hydrua
CaClH. CAu tric ctia hop chit nay da dugc xac dinh phep phan tich pho tia X nhung phuong phap nay
khong phai 1a mot phuong phap t6t dé tim thdy cac nguyén t6 nhe nhu hydro. Chinh vi sy bién mét cta
hydro trén phd tia X ma trong mot thoi gian dai CaCIH bi tuong 1am 1a CaCl.




4. a) Cac ciu trac dong phan:

\ / H——C==C——CH,

/C:C:C\

H H

b) Cong thire thuc nghlem Caz;C;Cl.

Lu’u Y rang: Néu ti 18 sb nguyén tu n(Ca):n(Cl) = 1,5:1 (hay t6t honl1a 3:2 vico thé Vlet lai la
CaCl,.2Ca*" = Ca3Cly*") va san phim khir phai chira anion C;* nén phai can hai cation Ca®" dé trung
hoa dién nén chinh vi viy nén cong thurc Ca;C;Cl, dugc chép nhan.

5. a) Ti 1& ban kinh 13 r(Ca®")/r(CI") = 0,719. Viy kiéu tinh thé s& 1a kiéu NaCl.
b) Tinh nhiét sinh cta phan tng hinh thanh CaCl dya vao chu trinh Born — Haber:

AH
Ca'gy + Cly > CaCly,
A A A

I
Ecl

AHg

Cag Clgy

A

AI_Itheing hoa O; 5 Atha‘m ly

Ca(r) + 0,5C12(k)
Thay sb vao ta tinh duoc: AH, = -231,9kJ/mol
6. 2CaCl — Ca + CaCl, c6 AH; = -332,2kJ/mol.
Vay phan tng trén khong xay ra.
OLYMPIC HOA HQC QUOC TE LAN THU 37:

Sy tong hop va xac dinh tinh chét cua vang & kich thudc nano 1a mot linh vuc dang rat phat trién.
Phuong phap Bruff — Schiffrin dé tong hop vang ¢ kich thudc nano (AuNP) dua vio sy bén nhiét dong
va bén khong khi cia AuNP ta c6 thé diéu ché AuNP & dang da phén tan c6 kich thuéc nam trong
khoang tir 1,5 va 5,2nm. Phwong phép nay c6 nodi dung nhu sau: Dung dich HAuCl, dugc tron 1an véi
toluen trong dung mai tetra — n — octylamoni bromua. Dung dich thu duoc dem tron 1an véi
dodecanthiol va dugc dun néng voi NaBH,. Nhitng hat AuNP mau t6i duoc sinh ra va nim ¢ pha hiru
co. Sau 24 gio thi dung méi toluen s& duge cho bay hoi va khéi ran thu duoc dugce rira véi hdn hop dung
mai etanol va hexan dé tach thiol. Cac hat AuNP c6 thé dugc phan lap va hoa tan tré lai trong dung moi
hitu co thong thudng ma khong bi phan huy hay t6 hop thuin nghich (irrvesible aggregation).

1. Phuong phap nay can su tiép can tir trén xudng hay tir dudi 1én?
a) Tiép can tir trén xudng dé 1am cho hat nano c6 kich thudc nho nhét.
b) Tiép can tir dudi 1én dé c6 thé bién cac phan tir va nguyén tir riéng 1é thanh cdu trac nano.

2. Trimetyl — n — octylamin bromua con c6 thé duoc st dung nhu 1a mot chat chuyén pha. N6 c¢6 thé
chuyén AuCly” tir pha nudc sang pha hitu co. Tinh chét nao di gitp cho n6 c6 thé lam dugc diéu
nay?




a) Mot phia cta phan tir mang dién dwong, dau con lai mang dién am.
b) Mot phia co6 tinh wa nudc, mdt phia cé tinh ky nudec.
¢) Mot phia mang tinh axit, mdt phia mang tinh bazo.
3. Vai tro cia NaBH, trong qua trinh diéu ché nay 1a gi?
a) Téc nhan khi hoa.
b) Téac nhan oxy hoa.
¢) Tac nhan trung tinh.
d) Tac nhan tao phuec.
4. Néu duong kinh trung binh ciia hat vang ¢ kich thudc nano 1a 3nm thi s6 nguyén tir vang s& 1a bao
nhiéu trong mdi phan nano? (ban kinh nguyén tir ciia vang 1a 0,144nm). Chi ra bang tinh toan
a) 107
b) 10°
¢) 10*
d) 10°
5. Bang tinh toan hay chi ra phan trim s nguyén tir vang trén bé mat 1a bao nhiéu va cho biét cau tra
161 nao ding.

a) 20-30%
b) 40-50%
c) 60-70%
d) 80-90%
BAI GIAI:
1:b)
2:b)
3:a)
4:b)
4
V punp E JTr juNP
Vi = ?.ﬂ'.}”ju

3
N: VAuNP :[rji,;NPJ =1000=103

V 7y

3:b)
4/3.TE.I'AUNP3 = 4/3.7T.I'Au3.NAu.
Dién tich bé mat cua mot tiéu phan nano cua vang: S = 4.TE.I'AuNp2
S= 4.TE.I'Au2.NAu2/3
Ns ~ Saunp/T.ras” = 4N, 2>,
P= Ns/NAu = 4NAul/3.
Nau=1000 = P =40%
III.  BAI TAO CHUAN BI CHO OLYMPIC HOA HOC QUOC TE:
OLYMPIC HOA HOC QUOC TE LAN THU 30:

Mot ¢b nghién ciru sinh nhan mot 16 hang gdm cac halognua kim loai kiém nhung cac binh déu
mat nhin trir mot binh chira kali bromua. Phong thi nghiém noi ¢6 1am viéc khong hé c6 bat ky loai phd
ké nao vi vay co6 dung cot trao ddi ion dé nhén biét cac mau halogenua kim loai kiém dd méat nhén . Loai
nhya c6 chon 1a loai nhya polystiren mang ludi kiéu axit manh, chtra cic nhom axit sunfonic (-SOsH)




nén chi cac proton co thé trao doi. C6 phan tich ca sau mau kim loai kiém (va ca KBr dé kiém ching
phuong phép) theo cach sau:

Cb cén 5,00 £0,01g mdi mau, rdi hoa tan véi nude cét trong 6ng dong 100mL. Cho 40mL mdi
dung dich qua cot; dung dich rira duge thu vao 6ng dong cé thé tich 250mL, rira cot hai 1an véi nude cat;
dung dich rtra nay dugc thém nudc dé duge 250mL. Trude khi mau ké tiép duoc cho vao cdt, ¢o tai tao
proton cho nhya trong ¢t bang cach rira voi lugng can thiét HC1 1M r6i v6i nudc cat. Co chuan do cac
méu 50mL ctia mdi dung dich rira, 1am ba 1in v6i dung dich NaOH (ndng db 1y thuyét 3,26.10°M) dung
chat chi thi 1a phenolphtalein thu duoc cac két qua sau:

Mau thi nghiém Thé tich chuan do trung binh
A 21,15+ 0,ImL
B 29,30 £ 0,1mL
C 7,40 £ 0,1mL
D 21,20 £ 0,1mL
E 10,30 £ 0,1mL
F 29,15+ 0,ImL
KBr 10,25 £ 0,1mL

Dé phan tich cac két qua nay ta c6 thé gia thiét rang:

o M&i miu thir dat >99% tinh khiét.

e MBJi binh déu day chat, khong bi nhidm nudc va khong khi

e Khong c6 trudng hop hai binh chira ciing mot kim loai kiém halogenua; 16 héa chét chi gém florua,
clorua, bromua va iodua, khéng c6 hop chat cua atatin.

a) Hiy cho biét 1y do vi sao phai tién hanh cac thu tuc da néu trén? Viét phuong trinh phan tmg hoa hoc
ctia bit ky phan tmg nao di xay ra.

b) Mau thir nao c6 thé chic chin duoc nhéan biét tir su phan tich nay? Mau thtr ndo c6 thé gidi han Kkét
qua chi con hai hodc ba kha nang?

¢) Dung cac dung cu c6 trong phong thi nghiém: kinh thuy tinh, gidy quy, dung dich natri pesunfat
(Na3S,0s) trong moi trudng axit va mot lo chira dung dich hd tinh bot — ¢ di c6 thé nhan biét duoc
ca sdu mau thir. Khong can biét két qua thi nghiém ciia cd v6i cac hoa chat néu trén, hiy giai thich
1am thé nao véi cac vat liéu trén 1a du dé nhan biét duoc tat ca cac mau thir chwa nhan biét duge &
caub).

d) Tinh chat nao cta kim loai kiém halogenua ngan can khong thé nhan biét rd rang mot s6 mau nhan
biét bang k¥ thuat trao doi ion ding & day? Liéu mot hiéu tmg nhu thé ¢6 phai 1a tré ngai dang ké
trong mot nd luc twong tu dé nhan biét mot sd halogenua ctia kim loai kiém thd MX, chfmg han?

BAI GIAI:

a) Hién nhién, can xac dinh khdi luong mol phan tir ciia mdi mau thir My(MX) bang cach trao d6i M
véi H nho ¢t trao ddi ion va béng cach chuan d6 dé xac dinh lugng H'.

Céc phan mg gdm:
M"+ [RSOsH] - H" + [RSOsM']
H' +OH — H,0

b) Phan tich két qua:

S6 mol M trong 5g = s6 mol OH .(250/50).(100/40) = thé tich chudn d6.0,326.5.2,5
M»(MX) = khéi lugng miu thir (5g)/sd mol M trong Sg
Thu duogc cac két qua sau:




Mau thi nghiém M;(g/mol) Dy doén chat MX cé thé la:
A 58,01 NaCl(58,44); KF(58,10)
B 41,88 LiCl1(42,39); NaF(41,99)
C 165,81 KI(166,00); RbBr(165,37); CsCl1(168,36)
D 57,88 NaCl(58,44); KF (58,10)
E 119,13 KBr(119,00); RbCl1(120,92)
F 42,09 LiCl1(42,39); NaF(41,99)
KBr 119,71 KBr(119,00); RbCl1(120,92)

Céc két qua trén cho thay, k¥ thuat thi nghiém hién nhién chua chinh xac dé cé thé xac dinh rd
rang ting mudi. Vi du: néu moi mau déu khac nhau, néu biét dugc mot mau chic chin 1a KBr thi khi dy
mau E chic chin phai 1a RbCl. Khéi lugng phan tir ciia RbCl 16n hon KBr vay ma mau E lai ¢6 M, hoi
nho hon duya trén két quia chuan d6. Can thay rang khdi lugng mol phan tir qia gan nhau ctia hai (c6 khi
ba halogenua) cta kim loai kiém loai trir kha nang xac dinh A, B, C, D, F.
¢) Kinh thuy tinh: Cac mudi liti hit Am manh, do d6 dé lai mot lugng nho B’ va F’ trén céc kinh thuy

tinh ké can s& cho phép xéc dinh liti clorua: nd s& hiit am va chay rita (nhio) trong mot thoi gian
ngan (trir khi khong khi trong phong thi nghiém qua kho).

Giy quy: Ion florua 1a mét ion lién hop ciia axit yéu HF nén dung dich mudi florua c6 tinh kiém. Do
d6 gidy quy sé& xac dinh duoc dung dich lodng nao ciia B” hodc F’ 1a NaF va dung dich lodng nao cta
A’ hoac D’ la KF.

Pesunfat axit hoa + ho tinh bot: Pesunfat oxy hoa I” thanh I, tao phirc mau xanh tham vé&i ho tinh
bot. Nhu vay, néu C” 1a KI s& cho mau xanh thAm ciia phirc v6i tinh bot. Pesunfat ciing oxy hoa CI
hoic Br’ nhung khong c6 chi thi ddc trung voi ho tinh bot nén tac nhan nay khong gitip phan biét
RbBr va CsCl (Tuy nhién, c6 thé xac dinh C* véi cac phuong phap da néu nén C” 1a KI)

Khéng c6 phép thir dé tim NaCl: bang phuong phap loai trir, chat nao trong hai chat A’ va D’ khong
lam xanh quy tim la NaCl.

d) Diéu ngin can viéc xac dinh rd rang cac halogenua khac nhau ciia cac kim loai kiém MX bang su
trao doi ion chinh 13 khéi luong mol phén tir gin tring nhau cta cac halogenua iy. Nguyén nhén 1a
vi cac hop chit nay c6 hai tiéu phan déu c6 héa tri I, dong thoi cac kim loai kiém c6 sb hiéu nguyén
ttr chi hon cac nguyén tir halogen dimg trudc hai don vi: do vy, b6t di mot 16p day cua kim loai
(ching han K — Na) va thém mot 16p ddy vao halogen (nhu F — CI) s& cho hop chét c6 khéi luong
phan tir gan nhu giéng hét hop chat ban dau.

Cac halogenua kim loai kiém th6 néi chung thng c6 tré ngai ndy, néu ciing xét nhu trén: bt di mot
lop day ciia M (nhu Ca — Mg) va thém mot 16p day vao halogen (nhu F — CI) cho ra céc chit c6
khéi luong phan tir hoan toan khac nhau (78 08 va 95,21 g.mol™ theo thtr ty cho CaF, va MgCl,).

OLYMPIC HOA HOC QUOC TE LAN THU 30:

Su khao st cac phan Gmg tao phtic cta cac ion kim loai chuyén tiép.

M" +mL" = ML,,"™"

thuong tré nén phire tap do sy cacnh tranh dong thot cua cac quia trinh can bang khac: vi du nhu

ligand L thuong 1a bazo lién hop cua mot axit yeu nén nong do cua no trong dung dich tuy thudgce nhleu
vao d6 pH. Trong truong hop nay, thuong phai viét lai hing s tao phirc ciia cac kim loai chuyén tiép

P

|z |
B =T—7—
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bang cach thay [L7] bang oy Cr(L), trong do Cr(L) 1a nong do tong cong ciia L & tat ca cac dang
trong dung dich (nhu djang HL hay L~ hodc ML;""") va oy_1a ti 18 ctia dang thich hop L™ so v&i L “tng



cong”. Phuong phap nay thuong dugc dung, vi du nhu trong phan tich bang phép do chuin do dung
EDTA, vi EDTA (H4Y) 1a mot axit bon chirc yéu chi c¢6 kha nang cho phan tng tao phie ¢ dang hoan

toan mét proton Y*. Khi 4y:

KalKaZKaSKa4

aY4_ =

]+, [k, k[0 +K,K

Ka3 I:[—I+ ]+Ka1Ka2Ka3Ka4

V6i K, 14 hing s ion hoa thir i cia EDTA (véi tri s 1an luot bang 1,02.10%;2,14.107; 6,92.107

va 5,50.107h.

a) Xac dinh cac tri s6 cta o(Y") & pH 1an luot bang 2, 6, 10. Tinh ndng do cta anion Y* di hoan toan
mat proton trong 500mL dung dich c6 chira 3,252g EDTA & tri s pH néu trén.
b) Hing s tao phirc Ky cho su tao phirc cuia M™ véi Y*, ¢6 gia tri 6,3.10*" (Hg*"); 2,1.10" (Fe*) va
5,0. 10" (Ca2+). Ion kim loai nao s& tap phuc véi EDTA c6 hiéu suat hon 99,9% trong dung dich co
chtra 5,00.10° M EDTA tong cong, dugc dém véi pH 1a:

2
i) 6
iii) 10

¢) Ton thuy ngan (IT) Hg”" ¢6 i lyc manh vdi clorua:

Hg>" + 4CI" = HgCly*

Véi hang s6 tao phire 1a Bo = 3,98.10". V6i dung dich clorua 0,5M téng cong va 5,00.10°M dung
dich EDTA tong cong, hay xéac dinh ti 1¢ thuy pgén ton tai dudi dang ion tu do, dudi dang anion
tetraclorua va dudi dang phitc EDTA tai pH bang:

D 2
i) 6
iii) 10

(Nén gia thiét rang ndng do kim loai tong cong rat nhd hon 0,05M)
¢) Mot loai hon hong chi chira thuy ngan, natri va canxi. Cho 5,218g mau nay tac dung voi mot tac
nhan oxy hoéa thich hop roi pha thanh 500mL. Lay 25mL dung dich nay; dém tai pH = 2,6; dem

chuén d6 véi dung dich 0,0122M dung dich MgY2

- tri s6 chuén do trung binh 1a 44,19 mol.L'. Khi

léy, 10mL mau dung dich, dém t6i pH = 9,5 c()Ntri s’é) chuén d 57,43mol.L". Hay xé4c dinh phan trim
khoi lugng cia thuy ngan, canxi, natri trong hon hong.

BAI GIAI:
a) Tinh dugc cac tri s6 sau:
pH a(Y"h) [Y*1(M)
2 3,712.10" 8,26.107°
6 2,249.10°° 5,01.10°
10 0,3548 7,90.10°

Cac néng dd cua anion dugc xac dinh nho Cr(EDTA) = 0,02226M M,(C;oH6N,Og) =

292,25g.mol’!

b) Ta can xac dinh ti 1& [MY2 J/IM*™], ti 1& nay (nhd x4c dinh hing so tao phirc) c6 tri s6 Ky[Y*].
Ta c6 thé x4c dinh [Y*] tir x dé biét & ciu a. Tinh dugc cic tri sb sau:

pH [Y"] [HeY?]/[He™'| [FeY”]/[Fe™'] [CaY”]/[Ca”]
2 1,856.10°"¢ 1,17.10° 0,039 9,28.10°
6 1,1245.10° 7,08.10" 2,36.10° 562
10 1,774.10° 1,12.10" 3,73.10" 8,87.107

C6 thé thiy rang, tai pH = 2, chi Hg™ tao phirc voi luong déng ké; tai pH = 6, ca Hg™™ va Fe™
deu tao phuec, trong khi tai pH = 10, ca ba ion kim loai déu tao phirc v6i hi€u qua cao.




¢) Do HCl 1a axit manh, can bang gitra Hg”" va CI" phai khong phuy thugc pH; ta 6 thé tinh dugc ti
s6 [HgCl,” 1/[Hg™"] bang 2,488.10" véi [CI'] = 0,5M. Dung cc tri s [HgY>]/[Hg*] c6 duoc tir

d)

cau b) ta tinh dugc:

pH [HgY*]/[Hg™] %(Hg") %(HgY™) %(HgClL™)
2 1,17.10° 4,107 5.107 >99.9

6 7,08.10" 3.10° 222 78,8

10 1,12.10" 9.107"8 >99.9 2,2.107

Céc két qua thu dugc tir cau b) chi ra réng, tai pH = 2, su tao phirc EDTA cua Ca’" 1abo qua
dugc: ta ¢ thé gia thiét didu iy van ding tai pH = 2.6; va nhu thé EDTA chi phan tng véi Hg*"
tai pH thip nhu vay. Tai pH = 10, sur tao phirc cﬁa ca Hg2+ cing nhu Ca®" 1a dang ké, va tai pH =
9,5 su chuan do cho biét lu0'ng téng cong cua Hg>" va Ca*". Ta pha1 gia thiét rang EDTA khong
phan tmg dang ké VOl Na'".Tai pH 2,6, s6 mol Y* =5,391. 10 ‘M

S6 mol nay bang sé mol (Hg™") trong 25mL; nen s6 mol Hg*" trong 500mL = 1,078.10™* mol. Vi
khéi lwong nguyén tir ciia Hg 1a 200,59g.mol ™, cho phép xac dinh khdi lwong thuy ngan trong
mau thir 14 2,163g.

Tai pH =9,5; s6 mol Y+ =5391. 10 mol.

S6 mol nay bang tong s6 mol (Hg”" + Ca®™) trong 10mL, nén tong s6 mol (Hg™" + Ca™) trong
50mL = 3,503.10° mol, va vi vay s6 mol Ca*" trong 500mL = 2,425.10~ mol twong tng vai
0,972g canxi trong mau thir.

Suy ra khi luong natri trong mau thtr (gia str khong 13n tap chat khac) 1a 2,083g. Nhu vy ham
lugng cac chat trong mau thir 1a: Hg (41,45%); Na (39,32%), Ca (18,63%).

OLYMPIC HOA HOC QUOC TE LAN THU 30:

Su buc xa khi nha kinh (Greenhouse gas) 1a m6t mbi quan tdm hang dau vé moi truong. Su gia

tang ndng do khi nha kinh (CO,) trong khi quyén dugc ghi nhén da vai thap nién qua.

a)

Ta s& udc lugng sy phan b cac khi nha kinh trong khi quyén trai dat bang cach gia thiét rang
nhiing khi nay (CO,, hoi H,0..) dugc khoanh viing trong tang c6 do cao 10 — 11km (Cach mo ta
nhu thé khong chinh xac, nhung ¢6 muc dich minh hoa mét s6 khai niém). Anh huénng cia ting
khi - nha kinh nhu trén s& ra sao ddi v6i nhiét d6 khi quyén tai d§ cao Skm?

Anh hudng cia tang khi — nha kinh 1€n nhiét d6 khi quyén tai 15km. Giai thich mét cach dinh
tinh ‘hiéu img phu‘ nay cua tang nha kinh (greenhouse layer).

Su bién ddi nhiét d6 tai phan thap hon cta khi quyén s& anh hudng ra sao dén can bang cta CO,
va ctia H,O giita pha khi va pha hoa tan trong nudc? Liéu sy dich chuyén can bang clia cac tiéu
phan nay, tu nd, c6 anh hudng gi dén nhiét do ctia phan thap hon cta khi quyén?

Nay xét dén téng cao hon tang nha kinh 1a ting ozon. Ozon dugc tao thanh ciing nhu bi phan hity
déu do cac qua trinh quang héa (photochemical). bé nghi mot co ché giai thich su tao thanh va
phan hily ozon trong mot khi quyén chtra oxy tinh khiét.

Entanpy tao thanh cua O va Oz 1a AH°(O) = 249kJ.mol ™ va AH(Os) = 143kJ.mol
photn v&i d dai song 16n nhét c6 kha ning quang phan oxy va ozon, theo thi ty.
Trong viing cuc, sy tan rd cta ozon tai tang binh luu quan sat dugc trong mua xuan. Nguoi ta
nghi rang diéu kién dan dén su tan ra tai hoa nay (dugc biét dudi tén “15 thing ozon™) tily mot sd
yéu td, trong d6 c6 can bang sau:

. Xac dinh

HClg) + PSC = HCI*PSC (1)
CIONOyi) + PSC = CIONO,*PSC  (2)
ClO + ClOg) = CIOOC1 3)

PSC (viét tat ciia Polar Stratospheric Cloud) dé chi may binh luu tai cac vung cuc tao thanh tir sy
ngung tu hoi nude va cac chat bay hoi khac tai tang rat cao nay. Su tao thanh PSC thuong xdy ra
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tai tﬁng binh luu & Nam Cuc trong mua dong va dau mua xuén, nhung it hon tai cyuc Bic vi nhiét

d6 khong qua thap. Puoc biét rang sy tan rd ozon cang nghiém trong khi cac can bang trén doi

theo chiéu thuan. Can nhé rﬁng su tao thanh lién két thuong 1a tod nhiét, vay nhiét do s€ anh

huong thé nao dén cac can bang trén?

Su tao thanh ozon trong téng binh luu tai cuc Béc 1a mot hién tugng dugc ghi nhan gén day:

thoat dau, ngudi ta hy vong cuc Bic duge mién nhiém véi su tao thanh 16 thung ozon, nhung that

ra khong phai vy. Can ct trén cac thong tin c6 trén day, de nghi xem ly giai nao c6 thé dang tin

cay duogc dé giai thich cho sy phat trién 16 thung ozon tai cuc Bic.

i) Muc do6 CFC trong tang binh luu tai Bic ban cau gan day da ting 1én bang mirc d6 CFC ma
tang binh luu ctia Nam cyc da dat trong thip nién trude.

ii) Su tran xudng lién tuc ciia cac khi nha kinh vao phan thip hon cta khi quyén ciing 1am giam
lién tuc nhiét do tﬁng binh luu tai cuc Béc.

iii) Su gia ting ndng d¢ hoi nudc trong tang binh luu tai cuc Béc 1am cho sy tao thanh PSC dé
dang hon trudc day.

iv) Su gia ting lugng phéng xa hong ngoai dén ting binh luu tai cuc Bic giy ra su gia ting
quang phan cua ozon tai cuc Bic.

BAI GIAI:

a)

b)

d)

Céc khi nha kinh 1am néng ha tang khi quyen vi mot sb photon hdng ngoai (IR) c6 nguon goc tur
bé mat trai dat 1& ra da thoat khoi khi quyén lai bi hap thu va ban trd lai; sy bén tro lai vé bé mit
trai dat twong tu nhu khi ban di, lam cho ha tang khi quyén noéng lén.
Cac khi nha kinh lam lanh thuong tang khi quyén: vi co it photon hong ngoai dén dugc do cao
nay tir bé mat, su hap thu hong ngoai nay xay ra tir d6 cao 15km it hon 18 ra phai c6. Hap thu
hong ngoai it dan dén nhiét do giam.
Can bang xay ra la:

COzaq) = COx
Va HzO(l) _—“Hzo(h). . . .
C4a hai can bang nay déu doi theo chi€u thuan khi nhiét d6 tang: vay nong do hoi nudc va CO; s€
tang theo T. Do ca hai déu 14 khi nha kinh, nén dan dén hiéu tmg nha kinh duong.
Trong khi quyén oxy tinh khiét, sy hinh thanh ozon bang qta trinh quang hoa dan dén su quang
phén oxy:

0O,+hv—>0+0 (1)

Sau do:

O0+0;,—>0; (11)

Su quang phan cting phé hiy ozon:
O3+hv—>0,+0 (iii)
(Mot qua trinh phan hiy ozon khac c6 thé 1a:
0;+0—>0,+0; (iv))

Tir entanpy tao thanh di cho sidn (AH(O,) = 0kJ.mol "), tinh dugc entanpy ctia phan tng (i) va

(iii):

° = 498kJ/mol = 8,27.107"°J/phan tir
AHC; = 106kJ/mol = 1,76.10"°J/phan tir
V61 E =hv =hc/A ta co:

A1 =2,40.10"m = 240nm
A2 =1,129.10°m = 1129nm



g)

bay la cac photon c6 d¢ dai song dai nhit c6 nang lugng du de quang phan O, va Os theo thir ty

(thuc té, su quang phan c6 hi¢u qua ozon can do dai séng ngan hon gia tri d& nghi, vi nhimng 1y

do khong xét dén trong pham vi cu hoi nay).

Ca ba can bﬁng nay khi xét theo chiéu thuan déu c6 su tao thém mot lién két, nén & nhiét do cao,

can bang s& doi qua trai va doi qua phai khi nhiét do ha thép.

Ba gia thuyét co thé bj bac bo nhu sau:

i. Khai niém rang mtc do CFC ¢ Bic ban ciu it hon & Nam Bén cau la diéu khong tuong: mirc
do cong nghi¢p hoa manh nhét, va phong thich CFC nhiéu nhat 1a Y Bic ban cau (Thuc vay,
nong d6 CFC & ha tang khi quyén 1a twong tu nhau trén toan dia cau: ching dwoc tron rit
déu)

iii. Trong khi sy gia ting hoi nudc lam ting kha ning tao PSC, khong c6 ching cé gi vé su
chuyén dich hoi nudc dén tang Binh & cuc Bic (c6 ching chi 1a chuyén dén ha ting khi
quyen)

iv. Anh hudng cia sy gia tang nong d6 cac khi nha kinh (va ching van dang gia tang!) la lam
giam luong hong ngoai dén dugc tang binh luwu. Ngoai ra du cac photon gan - hong - ngoai c6
nang luong cao hon do manh lién két O, — O, chiing thuc sy khéng quang phan ozon.

Gia thuyét ii) 1a céu tra 101 c0 ¥ nghia nhét — céc khi nha kinh s& 1am néng ha tang khi quyén va

1am lanh thuong ting khi quyén (Tuy nhién, diéu d6 khong c6 nghia la co ché nay 1a nguyén

nhan ding — thién nhién ludn phurc tap hon ta mong doi).

OLYMPIC HOA HOC QUOC TE LAN THU 31:

Tong hop mot hop chét ctia crom. Sy phén tich nguyén td cho thiy rang thanh phan ¢6 Cr

(27,1%); C (25,2%), H(4,25%) theo khdi lugng, con lai la oxy.

a)
b)

¢)

Tim cong thirc thye nghiém cua hop chat nay.

Neéu cong thirc thuc nghiém gom mot phan tir nudce, ligand kia 1a gi? Mtrc oxy hoa cua Cr 1a bao
nhiéu?

Khao sat tur tinh cho thay hop chat nay 1a nghich tir, phai giai thich tir tinh cta hop chét nay nhu
thé nao? V& thir cAu tao phu hop ciia chit nay.

BAI GIAI:

a)
b)

c)

Cong thue thuc nghiém CrC4HgOs.

Ttr cong thire thuc nghiém CrC4HgOs, hop chit 1a [Cr(CH3CO0),(H,0)]. Nhu vay, ligand 1a cac
nhom axetat. Do nhém (CH3COQO") ¢6 dién tich —1 nén mirc oxy hoa cua Cr 1a +2.

Ton Cr*" 1a hé d*, nghia 13 hé ¢ 4e thudc obitan d. Su phan b 4 electron phai thudc loai spin
ning lugng cao do ligand yéu. Chi yéu té nay di cho thay [Cr(CH3COO),(H,0)] ¢6 tinh thuan
tir. Tuy nhién tir cac két qua thuc nghiém, hop chat nay lai c6 tinh nghich tir d6 1 do hop chét
nay & dang nhi hop c6 cau tao nhu sau:
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Trong céu tao nay, hai nguyén tir Cr tao lién két bon, bao gdom mot sigma, hai pi va mot delta,

v6i bac lién két tong cong 1a 4. Sy hinh thanh lién két bon doi hoi tat ca cac electron thude obitan

d déu phai cap doi. Vi vay dua theo tinh chat tir, hop chat & dang nhi hop 1 nghich ti.
OLYMPIC HOA HOC QUOC TE LAN THU 32:

Clorat va peclorat dugc sir dung trong su ché tao diém quet, phao va chit nd. Budc thir nhat
trong viéc san xuat kali clorat 1a su dién phan dung dich nuéc cua kali clorua.

a) Viét cac phuong trinh phan tng xay ra & tai hai dién cuc. Cl, dugc tao thanh ¢ anot va OH™ duogc
tao thanh ¢ catot

b) Clo tao thanh phan tng véi ion hydroxit dé tao thanh clorat. Viét phuong trinh phan img.

c¢) Hay tinh khéi lugng kali clorua va dién lugng (theo Ah, ampe gid) can dé thu duoc 100g KC1O:;.

BAI GIAI:

a) Catot: 2H20(1) +2e= 2OH_(aq) + Hz(k)

Anot: 2C1_(aq) Clz(aq) + 2e

b) Phan ng: 3C12(k) + 60H" (aq) = = CIlO5 (aq) T 5CI° (aq) T 3H20(1)

¢) mgc = 60,83g
Q=131Ah

OLYMPIC HOA HQC QUOC TE LAN THU 32:

Moi truong d& nhiém chi ludn 1a mot diéu dang lo ngai. Trong co thé con ngudi, mirc d6 doc hai
cua chi c6 thé duge giam bét véi “lidu phéap chelat” bang cach str dung cac ligand ¢6 tiém ning hinh
thanh cac phuc Pb*" bén co thé duoc than bai tiét. Ligand EDTA" dugc dung cho muc dich nay nho su
hinh thanh phuc [Pb(EDTA)] rit bén virng (hing s6 bén ving, K(Pb) = 10""M™. Ligand dugc cung
cip bang cach tiém truyén dung dich Na,[Ca(EDTA)], mudi natri cua phirc canxi tuong d6i kém bén
(K(Ca) = 10'"""M™). Sy trao ddi ctia canxi v6i chi chi yéu dién ra trong mach mau.

a) Mic d6 chi co trong mau ctia mot bénh nhan 1a 83ug/dL. Hay tinh ndng d6 mol cua chi trong
mau bénh nhan nay.

b) Trong mot thi nghiém lam mau, nguoi ta diéu ché mot dung dich chira Ca(NO3),.4H,0 va
Nay[Ca(EDTA)] c6 néng do mdi chat theo thir ty bang 2,5mM va 1,0mM. Thém Pb(NO3), ran
vao dé dat dugc ndng do chi twong ung v6i nong d6 chi trong mau bénh nhan néu trén. Hay tinh
tri s6 gan ding cua ti 1¢ [Pb(EDTA)] "/Pb>" trong dung dich thu duoc tai can bang. Khong xét
tinh chét axit bazo ctia cac tiéu phan c6 lién quan va su thay ddi thé tich dung dich coi nhu
khong dang ké.

~




¢) Su bai tiét cua phirc [Pb(EDTA)* qua than hién nhién 13 mot qua trinh bac nhat theo ndng do
[Pb(EDTA)]* trong mau. Sau 2 gid, ndng d6 cua phirc [Pb(EDTA)]* trong méau cua hau hét cac
bénh nhan thudng giam 60%. Hiy tinh “chu ky ban hity sinh hoc” cta phic [Pb(EDTA)]
BAI GIAI:
a) [Pb’"]=83/(207,2.0,10) = 4,00uM

b) Xét phan tmg: [Ca(EDTA)]* ag) + Pb”"(ag) = [PB(EDTA)]* aq) + Ca’"(aq)

Vi hang sd can bang K = K(Pb)/K(Ca) =10"". Do kha ning tao phirc manh va ion Ca® ¢ du

so v6i téng lwong ligand EDTA™, hién nhién tit ca ligand s& ndi két trong phirc chi hodc phirc

canxi. Vi [Pb(EDTA)*] << [Ca(EDTA)z'] nén ndng do thyuc cua cac ion Ca*” va [Ca(EDTA)]*

s& phai rat gan voi ndng do hinh thirc va biéu thire tinh K cho:

_|Po(EDTAY* |Ca? |
|Ca(EDTA)> | Pb** |
_ [pocepray-| | fcaepray]
[ P J |_Ca 2+

¢) Nong do cia phuc [Pb(EDTA)]* 1a 40% luong ban dau sau 2 gio. Nhu vay 0,4 = e cho két qua

lak=0 458g10 Nhu vay ta ¢6 thé tinh duoc t;p = 1,5 gio.
OLYMPIC HOA HOC QUOC TE LAN THU 32:

Ureaza la mot enzym c6 chtra niken lam xuc tac cho phan g thuy phan ure (H,NCONH,) thanh
ion amoni va ion cacbamat (H,NCOO"). Ton cacbamat bj thuy phan tiép sau d6 trong mot qia trinh tur
xay ra khong xuc tac boi ureaza.

a) Viét phuong trinh phan tmg thuy phén ion cacbamat.

b) MJi don vi cdu tric cp ba ctia protein ureaza c6 chira hai ion niken(1I). Nhiing ion kim loai nay
phdi tri véi cac nguyén tir cho twong img ¢ nhanh cua cac aminoaxit trong céu trac cap mot cua
protein. Hay viét cong thirc cdu tao cac nhanh cua aspartat, histidin va khoanh tron nhimg
nguyén tir déng vai trd cho ctia mdi nhanh.

c¢) Hai tam niken (II) cua ureaza ciing dugc n01 lai bang cac nhom cacboxylat cau ndi va mot phan
tr nuoe cau noi. Nhom cacboxylat cau nbi thudc nhanh cua lysin da dugc chuyén thanh mot dén
xuat cacbamat. Hay viét cong thirc ciu tao din xuét cacbamat ctia nhanh lysin.

d) Viét cau hinh electron cua ion niken (II).

e) Dai biét dwoc mot sb hinh hoc phdi tri cta niken (II). Trong hop chat phdi tri bat dién, cac obitan
d dugc phan bd giira hai mirc ning lwong. Hiy cho biét obitan nao trong s 5 obitan d chiém cac
mure nang luong theo thir tw cao hon hodc thip hon trong hinh hoc bat dién. Giai thich dinh
lugng | két qua tim duoc bang cach so sanh sy phan bd trong khong gian cua cac obitan d.

f) Mot s6 phuc cta niken (IT) lai ¢6 hinh hoc vudng phang, 13 co céu chu yéu trong cac phuc cua
jon kim loai paladi (IT) va platin (II). Hiy v& hai dong phan cuia [Ni(SCH,CH,NH,),] vudng
phang va ghi rd dong phan nao 1a cis hodc trans.

g) V& tat ca dong phan hinh hoc cia [Pt(NH;)(pyridin)CIBr] vudng phing.

BAI GIAI:
a) HZNCOO (aq) + HzO(]) NH}(aq) + HC03 (aq)
b) Cau tao cua cac nhanh:

=8,0.10°
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aspartat histidin
¢) Céu tao ciia dan xuit cacbamat:
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@)

d) 1s%2s%2p°3s?3p®3d™4s.

e) Mirc nang luong cao hon d(z%) va d(x* — y%). Mirc nang luong thip hon dyy, dxz va dy,.
Trong mdt truong ligand bat dién, céc truc vuong x, y, z (géc tai tdm kim loai) dugc hudng sao
cho mdi nguyén tir trong 6 nguyén tir lién két thudc ligand phai nam trén cac truc nay. Nhu vay
céc electron cua cac nguyén tir trong ligand hinh thanh cach sép xép cac dién tich am quanh
nguyén tir kim loai. Cach sip xép nay c6 anh hudng khac nhau trén cac obitan d khac nhau. Cac
obitan d,y, d, va dy, déu c6 mat d electron tap trung chii yéu trong ving giira dién tich cac
ligand. Trong khi do, cac obitan d(z%) va d(x*> — y*) c¢6 mat do electron tip trung trong ving gan
dién tich ctia cac ligand hon so véi cac obitan d,y, d, va dy,. Tuong tac day electron lam ting
nang luong cia cc obitan d(z°) va d(x* — y?) so vdi ning lwong cia cac obitan dyy, dx, va dy,.

f) Cong thuc cua phuc:

H, H,
/C\S C\S
H,C | 5 H,C | 1S
\N NN \N NN
Ha \ CH, H, CH,
HZN\C/ S\C/
cis H2 trans Ho

g) Cong thirc cau tao ciia phirc:

H,N

Cl
~..~ H2N\ N NN Cl

Pt -~ NHZ\
DY Pt ~
Br/ N| \ e \CI \ N/Pt\

- |

OLYMPIC HOA HOC QUOC TE LAN THU'33:
Mot vai tinh chat cua mot hgp chat vo co chua biét A dugc liét ké dudi day:

Br




e A la mot chat rin mau tring hoi vang, dé& chay rita va thing hoa khi dun nong. A c6 khdi lwong phan
tur 1a 266.

e A phan tmg minh liét voi nuéc dé cho dung dich B.

e Khi mot dung dich hdon hop gém NH4OH va NH4Cl dugc thém vao dung dich B thi nhan duogc két
tia keo mau tring.

e Mot miu dung dich B phéan tmg véi dung dich hdn hop nitric axit va bac nitrat cho két tiia von cuc
mau tring C. Két tha trang ndy nhanh chong tan di khi thém vao dung dich NH,OH mic du khi ta
cho du NH4OH thi lai xuat hién két tia tréng D.

e Két tia D duoc loc va hoa tan trong NaOH thu dugc dung dich trong sudt E.

e Khi cho khi CO, 16i qua dung dich E thi lai sinh ra két taa D.

e Chat A hoa tan khong dién ly trong ete khong 1an nuéc. Khi dung dich nay phan tng véi LiH thi s&
tao thanh san pham F. Néu dung du LiH thi F s& chuyén thanh G.

a) Xac dinh chit A.

b) Xac dinh cac chit tir B &én G va viét tat ca cac phuong trinh phan tng xay ra.

BAI GIAI:

a) Trong budc thir ba ctia phép phan tich ta thu dugc két tua tring keo, diéu ndy ching to ring dung
dich B ¢6 chira AI’* va dung dich B ciing tao két tiia trang véi AgNO;, két tiia nay tan di khi ta
thém NH4OH vao chung to rang dung dich B ¢6 chira CI". Vay chét A s& 1a ALCls (Ma = 266).

b) Cac phan ung xay ra:

AlLClg + 12H,0 = 2[Al(H,0)¢]*" + 6CI°
6AgNO; + 6Cl'= 6AgCl + 6NO5

AgCl + 2NH,4OH = [Ag(NH3),] 'Cl" + H,0
AI’" + 3NH4,OH = AI(OH); + 3NH,4"
Al(OH); + NaOH = Na'[AI(OH)4]
[AI(OH)4] + CO, = AI(OH); + HCO5
ALClg + LiH= (A1H3)n + LlHdu LiAlH4

OLYMPIC HOA HOC QUOC TE LAN THU 33:

a) Nito c6 rat nhiéu oxit. Mot trong sd nhitng oxit quan trong cta nito 1a NO,, mét khi mau nau do
rat hoat dong hoa hoc.

(1) V& cong thirc Lewis cia NO, va hiy xac dinh hinh dang ctia nd dya trén thuyét
VSEPR.

(11) St dung thuyét VSEPR hiy xé4c dinh hinh dang cua hai ion NO, va NO,". So sanh
hinh dang cua hai ion trén v4i NO,.

b) Xem xét hai hop chit khac cia nito 13 trimetylamin (MesN) va trisiliylamin (H;Si);N. Goc lién
két do dugc ciia hai hop chét nay 1an luot 1a 108° va 120°. Hay giai thich sy khac nhau nay.

¢) Bay gio ta tiép tuc xét nito va bo triflorua. Nang luong lién két ciia BF; 1a 646kJ/mol va trong
NF; 1a 280kJ/mol. Giai thich sy khac nhau nay.

d) Nhiét do soi cia NF3 1a —129°C trong khi d6 v6i NH; 1a —33°C. Amoniac phan (mg nhu 1a mot
bazo Lewis trong khi NF; thi khong. Gia tri momen ludng cyc ciia mdi chat twong tng 1a 0,24D
va 1,48D mac du flo c6 d am dién 16n hon nito. Giai thich tai sao:

(1) C6 su khac biét qua 16n cua nhiét do soi.
(11) Momen ludng cuc cua NF; qia nho.

e) Phan ung ctia dung dich natri nitrat v6i hon hong natri ciing nhu phan tg gitra etyl nitrit voi
hydroxylamin dudi sy c6 mat cua natri etylat déu cho ciing mot san pham. San pham nay 13 mudi
ctia mdt axit yéu khong bén cua nito. Xac dinh axit nay va viét cong thirc ciu tao clia no. Axit




nay dé dang dong phan hoa dé tao thanh mot hop chat duoc sir dung dé 1am nhién liéu cho dong
co phan luc. Viét cong thirc cau tao ctia chat nay.

BAI GIAI:

a)

(i) S6 electron xung quanh nguyén tir nito: 7
Vay NO; c6 cong thirc cau tao:
:0:N: O

Nhung theo thuyét VSEPR thi do phén tir c6 mot electron dc than nén do suc day cua electron
nay voi hai cdp electron lién két nén phan tr NO; khong thé c6 cau tao thang nhu trén ma phai
6 cau tao goc (132°). Nhu vay cau tao cua NO, s& la:

O

7
D N 132°
\

)

(ii) Xét NO,": S6 electron xung quanh nguyén tr N =35 + 2 + 2 — 1 = 8 (Mdi nguyén tir oxy xung

b)

quanh gop 2e)
Cau trac Lewis sé la:
:0::N::0O:

.o @ .o

Nhu vay s& khong co strc day cua cac eletron khong tham gia lién két trén nguyén tir nito. Hai
lién két sigma s& dugc phan bd pht hop nhat 14 180° dé lam giam tdi da sirc cang vé goc con cac
lién két pi thi khong 1am anh hudng dén hinh dang cta phén tir. Vay NO," sé& ¢6 ciu tao:
O=§=O

Xét NO,: S6 electron xung quanh nguyén ta N: 5+2+ 1 =8

Céc cAu trac Lewis ctia NO,

7 7

:Q::N: O @N 1150

Déi véi NO, thi do con mot cap electron chua lién két co st déy manh hon mot electron nén
goc lién két s& giam xudng so voi phan tir NO,.

Vi truong hop trimetylamin thi dang hinh hoc 1a thap tam giac boi vi trén nguyén tir nito cé mat
cap electron chua lién két 1am goc lién két giam xudng tir 109,4° con 108°:

H,Si SiH,
/Q\ e
H3CI;-|3C/ CHs SiH,

Tuy nhién dbi véi (SiHs);N thi do c6 su tham gia cta obitan d vao lién két, n6 s& xen phu cing
v6i obitan p ctia nguyén tir N tao cho lién két N-Si c6 tinh chat gan nhu cia mot lién két doi nén
cap electron tu do trén nguyén tir nito s& trd nén dinh xt va khong anh huéng dén dang hinh hoc
ctia phan tir. Két qua 1a phén tir s& c6 dang tam giac phang vai goc lién két 1a 120°.



d)

obitan p day

Q O—Obitan d trong

AN

Ca NF; va BF3 déu 1a nhitng hop chit mang tinh cong hoa tri. NF; thi ¢ dang thap tam giac tuy
nhién BF; thi ¢ dang tam gidc phang do trong lién két B — F ¢ mot phan lién két doi (boi vi c6
stru xen phu gitta obitan p ctia bo va flo). Nhu vay ning luong lién két N-F phai 16n hon B-F

AN UATR

(i) Nhiét d6 soi ctia cac chat khac nhau tuy thudc vao lién két hydro. NH; c6 tao thanh lién két
hydro con NFj; thi khong.

Kha ning hut electron vé cta F rat cao nén lam giam tinh bazo ctia N trong NFs, chinh vi vay
NF; khong phén tmg nhu mot bazo.

(11) B am dién cua NF; luén bé hon NHj3 do:

ANIAN
F
Chinh vi tong cdc momen ludng cuc nguwoc huéng nhu vay cho nén momen ludng cuc ciia NF;
luén bé hon NHs.
2NaNO; + 8Na(Hg) + 4H,0 = Na;N,0; + 8H,0 + 8Hg

NH,OH + EtNQz + 2NaOEt = Na;N,O, + 3EtOH
Na;N,0, 1a muoi cta axit hyponitro cé cau triic nhu sau:

HO OH OH

\_/ Q=

N—/N / Q
O HG
Pong phan cta né 1a H,N — NO, (Nitramit) c6 cong thiic cau tao:
H 0]
/
N——N

\

H @)



OLYMPIC HOA HQC QUOC TE LAN THU' 34:

Mot sb 16n céc qua trinh tao thanh cac mudi va céc tinh thé ¢ thé duge hiéu ra béng cach xac
dinh ndng lugng vi cdc mo hinh ion don gidn trong do6 ion c6 ban kinh don gian va dién tich ctua ion do
phai 13 mot s6 nguyén. M6 hinh nay duoc sir dung dé mo ta su phan ly cua cac hop chét ion trong pha
khi. Thudng cac qua trinh phan ly déu dan truc tiép dén cac nguyén tir trung hoa nhung ning luong phan
ly c6 thé dugc tinh bang cach ta gia sir c6 mot qha trinh ma trong d6 cac hop chit ion bj phan ly ra cac
ion tu do va tiép theo 1a sy trung hoa dién tich. P6 chinh la chu trinh Born — Haber.

Nang luong lién két, 4i luc electron va ning lugng ion héa cia cac phan tir hai nguyén tir sau
duoc cho san dudi day:

Ning luong lién két ciia KCI = -464kJ.mol!
Ning luong lién két ciia NaCl = -423kJ.mol
Nang luong lién két cia MgCl = -406kJ.mol!
Ning luong lién két cia CaCl = -429kJ.mol!
Ai luc electron cua Cl = -360kJ.mol"

Nang luong ion hoa cua Na = +496kJ.mol”!
Ning lwong ion hoa tht nhit cua Ca = +592kJ.mol™
Ning luong ion hoa thi hai cia Ca = +1184kJ.mol”’

a) Thiét 1ap chu trinh Born — Haber cho su phan ly caa NaCl thanh cic nguyén tir va tinh ning
luong phén ly ctia NaCl. Gia thiét rang lién két 1a 100% ion.

b) Thiét 14p mot chu trinh Born — Haber cho su phan ly ctia CaCl, thanh ba nguyén tir va tinh ning
luong phén ly cta CaCly, gia sir rang do dai lién két trong phan tir ba nguyén tir thi ngan hon 9%
so V&1 cac phan tur hai nguyén tu.

BAI GIAI:
a) Chu trinh Born — Haber cho su phan ly thanh cac nguyén tir cia NaCl:
NaCl - Na" + CI

Na'+ ClI' > Na+Cl
Ning luong mit di & budce 1 1a —464kJ.mol™.
Nang luong thu vao ¢ budc 2 1a «(nang lugng ion hda ctia Na + ai luc electron cua Cl)=-
136kJ.mol”
Vay ning luong phén ly 1a —328kJ.mol™,
b) Chu trinh Born — Haber cho su phan ly cua CaCls,.
CaCl, — Ca’* +2CI
Ca’" +2CI' — Ca +2Cl
Ning luong lién két cua Ca> Cl = -429.2/0,91 = -943kJ.mol .
(Gia tri do dugc dbi véi CaCl 1a —429 nhung dién tich ctia Ca 14 +2 va d¢ dai lién két giam mot
luong 14 0,91 1an)
Ning luong mat & budc dau = -(ning lugng lién két ciia CaCly) = 2.942 — nang luong cap hoa
cua CI-Cl
Nang lugng cdp hoa cua CI-Cl = (429/2).(1/0,91) = 236kJ.mol .
Vay ning luong mat di ¢ bude 1 s& bang = +1650kJ.mol ™.
Ning luong thu vao & bude 2 s& bang -(2 ai luc electron Cl + téng nang lugng ion hoa ctia Ca) =
-1020kJ.mol .
Viy ning lugng phén ly s& 1a: 630kJ.mol!



OLYMPIC HOA HQC QUOC TE LAN THU 35:

Céc ion kim loai mang dién tich 2+ trong diy dau tién cta kim loai chuyén tiép voi cac cau hinh
d', d* ..., d tao ra chi yéu la phtrc bat dién ¢ cong thirc chung 1a MLg (L: phdi tir mot ring). Khao sat
tinh chat t1r cua cac phuc nay ta co thé chia ra lam hai loai. M6t loai c¢6 sb electron khong tham gia lién
két bang vdi sb electron trong M** (k) thi phirc ndy dugc goi la phire “spin cao” va mét loai c6 s6
electrong khong tham gia lién két nho hodc bang 0 thi goi 1a phtic “spin thép Néu su chénh 1éch giira
hai mirc nang luong ty, va e, 1a A va nang luong cép héa la P. Hay du doan c4u hinh electron co ban cua
cac phure trén. Biét rang nguyén 1y Aufbau va nguyén 1y loai trir Pauli déu duoc tuan theo.
BIAI ?IAI
?12 tgzego

d*:t, eg (A>P) hay tg eg (A<P)

d: tg eg (A>P) hay tg (A<P)

d°:t, eg (A>P) hay tg (A<P)

d: tg eg (A>P) hay t,e,” (A<P)

d®: t0e,

d’: tg6eg3

OLYMPIC HOA HQC QUOC TE LAN THU' 36:

Canxi xianamit (CaCN,) 1a mot loai phan bon da ning va c6 tac dung tot. N6 c6 thé duoc san
xuét rat dé dang tir cac loai hoa chit thong thuong nhu CaCOs. Qua trinh nhiét phan cua CaCOj3 cho ra
mot chit rdn mau tring X, va mot khi khong mau Xg khong duy tri su chdy. Mot chat ran mau xam Xc¢
va khi Xp dugc hinh thanh boi phan tng khir X v6i cacbon. X¢ va Xp con c6 thé bi oxy hoa dé tao
thanh cac san pham c6 mirc oxy hoa cao hon. Phan tng ctia X¢ vé6i nito cudi ciing ciing dan t6i viée tao
thanh CaCN,.

1. Viét tat ca cac phuong trinh phan tng xay ra.

2. Khithuy phan CaCN, thi thu dugc chat gi? Viét phuong trinh phan ting

3. Trong hoa hoc chat rin thi ion CN,> ¢6 thé c6 dong phan. Axit cta ca hai anion déu di duoc biét
(chi ton tai trong pha khi). Viét cong thirc ciu tao ctia ca hai axit va cho biét can bang chuyén hoa
giira hai axit trén dich chuyén vé phia nao?

BAI GIAI:

1) CaCO; ——Ca0O + CO,
CaO +3C — CaC, + CO
CaC2 + Nz - CaCNz +C

Qua trinh trén dugc goi 1a qua trinh Frank — Caro. Qua trinh ndy rat quan trong trong k¥ thut.

2) CaCN; + 3H,0 — CaCOs + 2NH;
3) Cong thir cia hai dong phan 1a:
HN=C=NH
N=C- NH2
Hop chét dau tién 13 axit ctia anion cacbondiimit va hop chat thir hai 13 xianamit.
Cén bang s& chuyén dich vé phia tao thanh hop chét c6 tinh d6i xtimg cao hon.
OLYMPIC HOA HQC QUOC TE LAN THU 37:

Cac nguyén t6 kim loai chuyén tiép duogc phan bb rat rong rai trong vo trai dat. Rét nhiéu trong
s6 do co rat nhiéu ¢ Ung dung trong doi song hang ngay, ching ta dé dang bat gip chiing moi luc moi noi
nhu: 6ng nude bang sit, diy dong va cac chi tiét tr dong bang crom. .




Crom 12 mot kim loai mau tring bac, c6 tén bat ngudn tir tiéng Hy Lap chroma c6 nghia 1a mau
sic do hop chét cua crom c6 rat nhiéu mau khac nhau. Mau sang cta hop chat crom(VI) din dén nhiing
g dung cua né 1am chat mau trong mau vé& va kinh mau.

1. Trong dung dich axit, thi ion cromat c6 mau vang s& chuyén thanh ion dicromat c6 mau cam. Viét
phuong trinh phan tng.

2. S6 oxy héa cua crom trong hai hop chit trén 13 bao nhiéu?
3. Day co phai la phan tng khir khong? Hay giai thich.
4. Dong luc dé lam dich chuyén can bang cua phan ung trén la gi?
5. Viét cong thirc khong gian cua CrO4* va Cr,07%.
BAI GIAI:
1. 2CrO4” ag) + 2H (ag) = C1207” (o) + H20
2. +6 ) )
3. Khong phai, boi vi s6 oxy hoa ctia nguyén tir kim loai khong thay doi.
4. Nong d6 ion H (hay pH cua dung dich)
5. Céc cong thtrc:
B o 72- [ 2-
| %, S NG
_ Cr
ow O OVCR \\o
o] _ i o) o A

IV. OLYMPIC HOA HOC CAC NUOC TREN THE GIOI:
OLYMPIC HOA HQC AO 1999:

Nguyén t6 X (c6 nhiéu dang thu hinh) c6 mot anion chita oxy dong vai trd quan trong trong 6
nhuém nude. PO 4m dién cta nd nhoé hon oxy. N6 chi tao hop chat phan tir véi halogen. Ngoai hai oxit
don phan tir con ¢ nhitng oxit cao phan tir. X codn coa vai tro rit quan trong trong sinh hoa. Cac obitan
p cta nod chi c6 mot electron.

1. D6 1a nguyén t6 nao?. Viét cau hinh cia né.
X ¢6 thé tao duoc voi hydro nhiéu hop chat cong héa tri c6 cong thirc chung 1a X, Hy; ddy hop
chat nay tuong ty nhu day dong dang cua ankan.
2. Viét cong thirc cau tao 4 chat dau cua day.
Mot trong s6 4 hop chat trén c6 ba dong phan lap thé (twong tu axit tactric)
3. Xac dinh hop chat nay.

Nguyén t6 X tao dugc nhitng axit c6 chira oxy (oxoaxit) c6 cong thirc chung 13 H;XO, voin =2,
3vad.

4. Viét cong thirc cdu tao ciia 3 axit ndy. Panh dau (dau sao hodc miii tén) cac nguyén tir H va ghi s6
oxy héa ciia X trong cac hop chét nay.

Mot hop chit di vong ctia X, v6i ciu triic phang do J. Liebig va F.Wohler tong hop tir nam 1834,
dugc tao thanh tir NH4Cl voi mot chat pentacloro ctia X; san pham phu ctia phan tmg nay 1a mot khi dé
tan trong nudc va phan (mg nhu mt axit manh
5) a) Viét phuong trinh phan tng.

b) Viét cong thire cAu tao ctia hop chat (NXCL)s.

Hop chét v6 co vira néu & trén co tinh chét khac thuong khi bi dun noéng: né séi & 256°C khi bi
dun néng nhanh. Néu dun néng cham né bat dau nong chay ¢ 250°C; lam ngudi nhanh chat 16ng nay thi
ta dugc mot chét tuong tu cao su.

6) Giai thich tinh chat dic biét nay.




BAI GIAI:
1) Photpho. Cau hinh [Ne]3523p
2) Cong thirc ciu tao cta 4 chét dau tién:

H H H
H\ /H H I|° H H Fl’ F|>
/P\—H /P—P\ N N N N
ST T T
1 2 3 4

3) 4
4) Céng thirc cau tao cua cac chat:

Ve Ve

OH OH OH
+1 +3 +5
o F|>—H o) F|>—H O—P——OH=<-—
H OH OH

5) a) 3NH4Cl + 3PCls = (NPCLy); + 12HCI
b) Céng thtrc cau tao:

\/\/
o o

N\P/

/N

Cl Cl
6) Pun néng nhanh — chit nong chay khong bi giy vong
bun néng chém — vong bi bé gay tao thanh cac phan tir polyme c6 hé 1i€n hop pi:

\/\/\
/\

CI Cl
OLYMPIC HOA HOC AO 2001:
A. Thuyét Pauling
Thém dung dich kali hydroxit vao dung dich nudc cua Co”", mot két tia mau xanh dugc hinh thanh.
Trong dung dich KOH dic thi s& hinh thanh phtrc spin cao ¢6 sd phdi tri 6.

N

a) Viét phuong trinh ion ctia cac phan ting
b) Cho biét tén ctia phtic
c) Viét so dd lai hoa cho phirc va cho biét kiéu lai hoa

B.  Thuyét trwong phdi tir



lon phirc bis(terpyridyl)coban(II) ton tai mot phan ¢ trang thai spin cao, mot phin ¢ trang thai

spin thap phu thudc vao cac ion lién két truc tiép voi nguyén tir trung tam C10,/CI/NCS7/Br.
a) Cho biét ba dang hinh hoc c6 thé c6 ciia phuc
b) Dua vao thuyét truong phdi tir hiy v& gian dd obitan cho céc truong hop phirc spin cao va thap
c) Tinh momen tir (M.B) ctia céc phirc trén
Xét cac phirc sau: [Co(CN)s]*, [Co(CO3)2(NHs)],, [Co(COs);] and [Co(NO,)]*. Mau cua cac ion
phirc nay s& la: xanh, vang, cam va da troi (khong nhat thiét 1a phai & cing djang véi cac phirc trén)
d) Hay cho biét tén cua ting phirc va xac dinh mau cua chung:
BAI GIAI:
A. Thuyét Pauling
a) Co* + 20H — Co(OH)x

Co?* + 6 OH — [Co(OH)e]*
b) hexahydroxocobaltat(ll)

C
"W ] 8] W] e
3d 4s 4p 4d
Kiéu lai hoa: d’sp’
B. Thuyét trudng phéi tir:
a) Batdi¢n

b) Ta co:
0
o — —- ror
/I\ \l/ /I\ \l/ /I\ I]\ I]\ ...............................................
ST E R 2 S
/r v A N A \1, e ¢
g , 2g
Spin cao Spin thap
¢) Phtc spin thap: Kimag = MB\E =1.73p;
Spin cao: W, = uB\/ﬁ =3.87ug
d) Ta co6 bang:

Céng thirc Tén goi Mau sac
[Co(CN)e]> Hexaxianocobantat(ll) Vang
[Co(NO,)e> Hexa-N-nitritocobantat(lll) Cam
[Co(CO3)s]> Tricacbonatocobantat(lll) Xanh
[Co(COs)2(NH3)2] Dicacbonatodiamincobantat(lIl) Xanh da troi
OLYMPIC HOA HOC AO 2004:

Kim loai A dugc tim thdy trong tyr nhién dudi dang hop chét, chu yéu 1 khoang vat orthosilicat
v6i cong thuc chung 18 M(Si04)y, ngoai ra n6 ciing con dugc tim thay dudi dang oxit. Oxit cua n6 c6
nhiéu dang thu hinh va n6 thuong dugc két tinh & dang don ta bién dang véi s6 phbi tri7. O nhiét do trén
1100°C céu tric tinh thé ctia nd s& dugc chuyén sang dang ti phuong. Trén 2000°C ciu trac clia oxit s&
la 1ap phuong bién dang. Kiéu mang ludi cia dang sau cung giong nhu mang kiéu florit — trong d6 ion
kim loai ¢6 cau trac 14p phuong tdm dién v6i hang s6 mang a, = 5,07pm. Anion O” chiém céc hbc tir
dién. Cau triic trén c6 thé duoc bén hoa & nhiét do phong bang cach sir dung CaO. Khdi lugng riéng ciia
oxit kim loai tinh khiét (cAu tric 1ap phuong) 14 6,27g/cm’



V& céu triac 6 mang co sé cia oxit.
Cong thue hop thuce cua oxit.
Cho biét s6 oxy hoa ciia kim loai trong oxit
Trong orthosilicat thi kim loai ciing c6 sé oxy hoa nhu trong oxit. Hiy cho biét cong thirc phan tir
cua orthosilicat.
Xac dinh A
Viét cau hinh electron cua A.
Cho biét s6 phdi tri clia cation va anion trong oxit.
Tinh i lyc electron cia oxy trong qua trinh: O + 2e — o*
Cho biét:
AHs(A) = 609kJ/mol, I,(A/A™") = 7482kJ/mol, AHppan 1y (02 — 20) = 498kJ/mol
AU (oxit) = -10945kJ/mol, AH sun(0xit) = -11000kJ/mol

C6 hai budc dé diéu ché kim loai nay. Budc 1: cacbon va clo s& phan tung vdi silicat ¢ nhiét do
cao va sé sinh ra clorua ctia A (s6 oxy hoa ctia A trong clorua khong d6i) cung véi oxit cacbon va silic
tetraclorua. Budc 2: clorua ctia A s& phan tng véi Mg dé sinh ra kim loai. Thuy phan clorua s& thu duoc
oxit trén.
9. Viét cac phuong trinh phan (mg di xay ra.
10. Viét phuong trinh phan tng thity phan clorua ctia A

A c6 thé tao dugc cac phirc chat bén vimng véi cac halogen véi sé phéi tri 6, 7, 8 di duoc biét.

Chung ta s& khao sat phirc [ACLF4]™" véi s6 oxy héa ctia A khong ddi so véi oxit.
11. Cho biét cong thirc ctia phtrc va tén clia no.
12. C6 bao nhiéu chit dong phan cta ion phirc (ddng phan ciu tao va déng phan lap thé). V& cong thuc

cAu tao cua cac chit dbi anh.
BAI GIAI:
1. Mang tinh thé oxit: M @ ; 0>~ O
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2. Cong thuc cua oxit: MO,

3. SO oxy hoa cua kim loai: +4.

4. Cong thuc cua orthosilicat: MSiOy4
5. Taco:

s
So

4M,, +2M,

d = m(nguyén tr)/V(6 mang) = ;
N ,.a;



d.N ,.a,
M, =TAa°—2M0 =91,22g / mol

Vay kim loai do 1a zirconi (Zr)

6. Céu hinh electron cta Zirconi [Kr]4d*5s”.
7. Sb phdi tri cua cation: 8
S6 phoi tri ciia anion: 4
Xay dung chu trinh Born — Haber d¢ tinh va thu duoc két qua 1a A = 628kJ/mol
9. Cac phuong trinh phan rng xay ra la:

ZrSi04 + 4C + 4Cl, - ZrCly + SiCly + 4CO

ZrCly + 2Mg — Zr + 2MgCl,
10. Phuong trinh phan tng thuy phan: ZrCly + 2H,0 — ZrO, + 4HCI
11. Bién tich cua ion phuc: +2

Tén cda ion phuc: diclotetraflozirconat:
12. Sb dong phan: 6

Mot cip dong phan dbi quang:

S

OLYMPIC HOA HOC AO 2004:

Polysunfuapolynitrua (polythioazyl) 1a hop chit c6 mau dong, né c6 tinh dan dién rat tét va tro
thanh ving dan ¢ dudi 0,33K. Hop chat nay duoc diéu ché bang cach:

Budc 1: PBiéu ché disunfuadiclorua bang cach cho khi clo kho tac dung voi luu huynh nong chay
& 240°C.

Buéc 2: Disunfuadiclorua phan g véi clo va amoniac trong CCly & 20 — 25°C thu dugc
tetrasunfuatetranitrua (S4Ny).

1. Viét cac phuong trinh phan tng xay ra
2. Tetrasunfuatetranitrua c6 cau trac dang vong. Viét cong thirc cdu tao cia nd.

Tetrasunfuatetranitrua ¢ dang tinh thé c6 mau cam, trén 130°C dé phan hiyy nd khi va dap va giai
phong nguyén tir. Trong san pham d6 c6 hinh thanh luw huynh nitrua SN, né c6 thé dong vai tro nhu
mot phdi tir trong phirc [RuCly(H,O)NS]T'.

3. V& gian d6 MO cia SN
4. Tinh d boi lién két va momen tir cia SN
5. Cho biét tén cta phirc néu tén ctia phdi tir SN 1a thionitrosyl

Néu tetrasunfuatetranitrua dugc bac bao vé va dem nung noéng dén 300°C trong chan khong thi ta
thu duoc disunfuadinitrua. Hop chat nay ton tai lau dai & nhiét do thap va bi polyme héa cham & nhiét
d6 phong dé tao ra polythioazyl (SN),.

6. S;N, c6 tinh thom. V& hai cong thirc cong hudng cua chét nay.
7. V& gian dd Frost — Musulin cho hé thom va xac dinh béc lién két pi.




BAI GIAI:
1. Céc phan ung xay ra:
2S + Clz = SzClz
S,Cl, + 4NH;5 + 4Cl, = SyN4 + 12HCI

2. Chu tao cia S4Ny:
X/

S\

\/

3. Gian d6 MO cua SN:

oS SN
4. Do boi lien két N =2,5
Momen tur: \/§}J,B

Tén cua phuc: aquatetracloruathionitrosylrutenat (I11)
6. Hai cong thirc cong huong ctia SN:

19,



7. Gian d6 Frost — Musulin ctia SoN»:

Do boi lién két pi = 0,25
OLYMPIC HOA HOC AO 2005:

Nguyén t6 Me, c6 tén ciia nir than sic dep do su phong phli mau sic cta cac hop chat ciia no
nam ¢ nhom cac nguyén t6 d.

Trong k¥ thuan thi sy diéu ché Me bat dau tir mot trong sd cac oxit A cua no. Quang tuong ung
chtra oxit d6 bi oxy hoa trong mot qua trinh nung chay sau do cho phan tng voi mudi cta kim loai kiém
va cubi cing kim loai Me dugc phan lap bang cach ngam chiét

Oxit ctia A chtra 43,98% oxy vé khdi lugng. Trong hop chit nay nguyén t6 Me cho s6 oxy hoa
1¢. Me duoc diéu ché bang cach cho oxit A phan tng voi Canxi kim loai ¢ 950°C.

1. Hay sur dung tinh toan dé x4c dinh nguyén to nay la nguyén t6 nao?
2. Viét céu hinh 16p vo ngoai cung clia nguyén t6 & trang thai co ban.
3. Viét cong thirc va cho biét tén ctia A.

4. Viét phan tmg giita A v6i canxi

Trong qua trinh trén thi nguyén t6 duoc hoa tan vao trong NaCl néng chay déng vai tro nhu chat
dién phan (phan long chira ion Me”"). Sir dung mét hiéu dién thé 1a 60V, kim loai tinh khiét bi két tua &
dién cuc lam bﬁng tantan. Trudc khi dién phan khéi luong dién cuc nay la 500g. Sau khi di¢n phan 16
210 thi qua trinh dién phan xdy ra vdi cuong do dong dién la 50,0A.

5. Kim loai nao ¢ catot va anot trong qua trinh dién phan.
6. Tinh khdi lwvong kim loai két tia. Néu hiéu suit cua qaa trinh dién phan 1a 90%
7. Tinh d tinh khiét (%) trong kim loai tho str dung dé dién phan

Nguyén té6 Me c6 kiéu mang tinh thé 1ap phuong tdm khdi. Khi nghién ctru cau tric bang
phuong phap pho tia X véi budce song A = 71,1pm thi bi nhidu xa khi tiép xtic voi mat phang tinh thé
(111). Géc nhiéu xa do duoc c6 giai tri 1a 11,7°
8. Tinh hing s mang a,

9. Tinh ban kinh nguyén tiu cua nguyén t6 Me.
10.Tinh ti khdi ctia nguyén t6 Me

Pun ndng oxit ludng tinh A v6i dung dich NaOH dic thi ta thu duoc mubi B (ddng hinh véi
mubi ortho photphat) va két tinh & dang decahydrat.

Thém axit manh vao dung dich mudi B bdo hoa, thi anion s& bi proton hoa dé cho ra dang axit
lién hop. Néu tiép tuc thém proton khac thi s& dan dén két qua 13 s& c6 su tach ra hai phan tir nwéc. néu
tiép tuc thém proton thi mét cation C c6 mau vang s& duoc hinh thanh.

11. Viét cong thirc céu tao cia mudi B.
12 Cho biét cong thirc ctia cation C?

Cation C c6 thé bi khir dan tung budec. Néu 1an lugt mét di mot e thi mot cation D mau xanh da
trdi duoc hinh thanh, sau d6 s& 1a cation E va cudi cung 1a cation F. Trong hai budc dau tién thi co sy
tach ra nguyén tir oxy. Céc gia tri thé khir chuan ciia cac budc duoc dé cap & trén, ké ca thé khir cia sy
khtr tao thanh Me dugc cho ¢ dudi (trong moi trudng axit):

E°(C/D)=1.00 V



E°(D/E)=0.359 V
E°(E/F)=-0.256 V
E° (F/Me)=-1.186 V
13. Viét cong thirc cu tao cua cac cation D, E va F .
14. Viét nira phan tmg cua cdp oxy hoa khir C/D.
15. V& gian d0 Frost cta cac tiéu phan ciia Me dugc dé cip o trén.
16. Tiéu phén nao bén viing nhat?
17. Duéi diéu kién cua phan tng di ly thi tiéu phan nao s€ phan img?
Nguyén t& Me tao ra cac hop chat phirc c¢6 cac sd phdi tri va sb oxy héa khac nhau.
Vi du:
1) [Me(bipyr)s]
2) [Me(CO)s]
3) [MeO(0,)0x]>
. , 4) [MeOCly(N(CHs3)3)2]
18. V& gidn d6 MO cho phdi tir peroxo c6 hai rang.
19. Xé4c dinh béc lién két va tinh chét.tir cia anion ndy
20. Cho biét tén hé théng ctia cac phuc sb 2 va 3.
21. Xéc dinh sé oxy héa ctia nguyén tir trung tAm ctia mdi phtrc va dong thoi dua vao thuyét VSEPR dé
xac dinh dang hinh hoc cia phtc va tir do dé xac dinh xem co phurc nao bat d6i xung.
BAI GIAI:
1. oxit A: 56.02% Me, 43.98% O

Vi cong thitc Me;Oy, ta c6: M (Me) = 56.02:16 b

43.98 2
b =1, Me,O = M(Me) = 10.19 g/mol (loai)
b =3, Me,03 = M(Me) = 30.57 g/mol (loai)
b =35, Me,Os = M(Me) = 50.95 g/mol: vanadi
2. Electron hoa tri ctia 16p ngoai cing: 3d°4s>
3. Cong thirc phan tir A: V,0s: vanadi(V)-oxide
4. Phuong trinh phan img:  V,0s5 + 5Ca — 2V + 5Ca0O
5. catot: tantalum anot: vanadi khong tinh khiét
6. Khéi lugng kim loai giai phong:
_1I-t-M-nn  50-57600-50.95-0.9

= =456¢
) z-F 3.96485
7. D¢ tinh khict: 91,2%
8. Hang s6 mang:
12
gedoz_ A+ 711107 05002
3 25in® 2sinl1.7°
3.175-107"

a, = =303-10""m=303 pm
0 \/§ p
9. Ban kinh nguyén tirr = 3d/4 = 131pm
10. Khéi lugng riéng:
5. 50.95
a; (303 10 10)3




11.
12.
13.

14.
15.

zE°

-0,5 |

-2,5

Cong thue cua B: Naz;VO4.10H,0O

Cong thire ctia C: VO,

D: VO*'; E: V', F: v

Nua phan ung: VO2* +2H*+ e~ — VO2* + H20
Gian do Frost:

0

1 2 3 4

v

v

oz

34

16. Tiéu phan bén ving nhat: V**.
17. Khong.
18. Gidn d6 MO:

o2 1

21Ty 21TZ

T T
2TTy Tl 21T,

20%P

T

2 0—7‘:

T

20b

19. Bac lién két: 1.
Tur tinh: nghich tu
20. Tén hé thong cua 2: hexacacbonylvanadat(-I)

VO,



Ténh¢ thdng cua 3: oxalatooxodiperoxovanadat(V).
21. Két qua thu dugc cho & bang:

Phirc S6 oxy héa Dang hinh hoc Tinh bat doi
xung
[Me(bipyr)s]" +I Bat dién co
[Me(CO)s] -1 Bat dién Khong
Ludng thap ngii
[MeO(O,),0x]* +V gidc 6
Ludng thap tam
[MeOCly(NMes),] +IV giac Co

OLYMPIC HOA HQC BUNGARI 1999:

Theo 1y thuyét cong thirc ciia khoang pyrit 1a FeS,. Trong thuc t&, mot phan ion disunfua (S,>) bi
thay thé boi ion sunfua (S ") va cong thirc tong clia pyrit c6 thé dugc biéu dién 1a FeS,... Nhur vay ta c6
thé coi pyrit nhu 1a mot hdn hop cua FeS, va FeS. Khi xir Iy mot mau khoang véi brom trong KOH du
thi xdy ra cac phan ung sau:

F682 + BI'Q + KOH —» FG(OH)3 + KBr + KzSO4 + HZO

FeS + Br, + KOH — Fe(OH); + KBr + K;SO4 + H,O

Sau khi loc thi chat khong tan dugc tach khéi dung dich va:

- Fe(OH); trong phan rin duogc két tia lai va nung néng chuyén thanh Fe,03 ¢ khéi luong 1a

0,2g

- Cho du dung dich BaCl, vao pha long duoc 1,1087g két tiia BaSO,.

a) Xac dinh cong thirc tong cua pyrit
b) Xac dinh s6 oxy héa ciia cic nguyén t6 tham gia vao qia trinh xac dinh chat khir va chét oxy hoa.
¢) Viét cac phuong trinh ctia hai phan tmg trén, néu rd can bang electron.
d) Tinh lugng brom (theo gam) can thiét dé oxy hoa mau khoéng.
BAI GIAI:
a) n(S)=1,1087/233,4= 4,75.10'3m01; n(Fe) =0,2.2/160 = 2,5.10mol
= n(Fe) : n(S) =1: 1,9 = cong thiic 1a FeS, ¢
b) Fe%; s ; Br’ - Fe3+; S6+; Br"
Fe*"; S*; Br’ > Fe’*; S°*; Br"
Fe®"; S'": S%: chit khu; Br’: chét oxy hoa

¢) Fe*'-e=Fe*" Fe*" - e = Fe"
S, - 14e =28 |15 2 S*-8e=S |9 |2
Br, + 2e = Br 2 |15 Br,+2e¢e=Br 2 |9

2FeS, + 15Br; + 38KOH — 2Fe(OH); + 30KBr + 4K,S0O4 + 16H,0
2FeS + 9Br; + 22KOH — 2Fe(OH); + 18KBr + 2K;,S04 + 8H,0
d) 2-x=1,9=x=0,1: 90% mol FeS va 10% mol FeS,
1’1’11(BI‘2) = 2,7g
my(Br;) =0,18¢g



l’l’l(Brz) =m +tmp = 2,88g

OLYMPIC HOA HOC BUNGARI 1999:

Ion nitrit 1a doc to cho nhiéu vi sinh vat vi vay n6 thuong dugc dung dé 1am tac nhan bao quan

trong cong nghiép thuc pham. Nhung c6 nhimg vi khuan Nibacter ¢ thé oxy hoa dé tong hop ATP. Khi
oxy hoda xay ra cac phan ing sau:

NO, + H,0 — NO;5 + 2H" + 2e — 81,06kJ
0, +4H" + 4e - 2H,0 + 316,52kJ

a) Tinh lugng ATP tao thanh theo 1y thuyét néu khi chuyén 1mol ATP thanh ADP (va photphat vo
co) phat ra nang luong la 30,6kJ.

b) Giai thich con dudng ma hydro va electron dugc chuyén tir co chat téi oxy ¢ nhing co thé
eucariot hao khi.

¢) Goi tén qua trinh sinh tong hop tao thanh nhiing chudi vi ning lugng. Luong cuc dai ATP thu
duoc 1a bao nhiéu?

d) Su oxy hoa sinh hoc trong té bao eucariot va lién hop véi sinh tong hop ATP dugc thyuc hién &
dau?

e) ATP la loai hop chit hoa hoc nao?. Viét cong thir cau tao ctia ATP.

BAI GIAI:

a) Phan tng tong hop khi oxy héa nitrit thanh nitrat 1a:
2N02- + 02 = 2NO3- + Q
Q=158,26 - 81,06 = 77,2 kJ/mol
Luong cuc dai ATP la: 77,2/30,6 = 2,52mol

b) Do mdt diy nhitng chat mang trung gian trong chudi hd hip.

¢) Oxy hoa — photphoryl héa: Lugng cuc dai ATP 1a 3 mol.

d) Trong tinh thé (mitochondria)

e) Nucleotit tao lap tur nito, riboza va P: adenin — riboza— P — P — P:

OLYMPIC HOA HOC BUNGARI 1999:

Trong cong nghiép, san xuat dong dugc tién hanh qua nhi€u giai doan, trong s6 do6 co6 giai doan

goi 12 “d4 dong”. N6 1a hon hop cua CusS va FeS. Cho mdt mau 4,1865¢ da dong tac dung voi HNO;
dac, cac qua trinh la:

CuS + HNO3 = Cu(N03)2 + H2$O4 +NO + HzO
FeS + HNO; = FC(NO3)3 + H,SO4 + NO + H,O )
Khi thém mot luwong du dung dich BaCl,, sé& tao thanh 10,5030 gam két tua.

1. Can bang cac phuong trinh phan @mg trén, néu rd sy trao doi electron va can bang electron.
2. Phan tram mol ctiia CusS trong da dong 1a bao nhiéu?.
3. Tinh phan tram cua khoi lugng dong trong mau.

BAI GIAI:
1. 3CuS + 14HNQ; = 3Cu(NOs); + 3H,SO4 + 8NO + 4H,0
S*+8e =S8 |3

N+ 3e = N8
FeS + 6HNO; = Fe(NOs); + H,SO, + 3NO + 2H,0

Fe’ -e =Fe*"
\9e 1

S +8e / ="

N3+ 3e =N* |3

BaCl, + H,SO, = BaSO44 + 2HCI
2. n(CuS) + n(FeS) = n(BaSO4) = 0,045mol (1)



m(CuS) + m(FeS) = 4,1865¢g (2)
Tir (1) va (2) ta thu duoc két qua: n(CuS) = 0,03 mol
%CuS = 66,67%

3. %Cu=45,54%

OLYMPIC HOA HOC UCRAINA 1999:

Hai chit A va B chtra anion phire bat dién ¢ cung thanh phan nguyén t6 nhung chung khac nhau
vé momen tir (u = [n(n +2)]"? trong d6 n 1a sb electron khong cap doi): pa =0, pg = 1,72D. Khi cho
20mL dung dich 0,1M cua A tac dung véi 1,3240g Pb(NO3), thi tao thanh 1,2520g két taa tring va trong
dung dich chi con lai mudi kali. Khi cho 1,2700g FeCls vao mot luong du dung dich cua A thi tao thanh
1,6200g két tua tring C (51,85% khdi lwong 1a sit). Khi dé ra ngoai khong khi C trd thanh xanh lo va
chuyén thanh D. Dung dich ctia B tac dung véi FeCl, tao thanh ngay mot két tia xanh lo E c6 thanh
phan giéng hét D.

a) Cac chit A, B, C, D, E 1a nhiing chat gi?. Tinh gia tri ciia n dbi véi chat B.
b) Viét cac phuong trinh phan tmg.
¢) SukhacnhaugitaDvaEla gi?
BAI GIAI:
a) n(Pb(NO:),) : n(A) = 1,3240/331:0,1 .0,02 = 2:1 = Anion trong A 1a X*
2Pb°" o+ X" =PbhX{

4.10° 2.10° 2.10°

M(PbyX) = 1,252/2.10° = 626 = M(X*) =212
2F?t + X* - Fe,X{
0,01 0,005

n(FeCl) = 0,01; M(FeX;) =324
n(Fe) =324.0,5185/56 = 3; C la Fe;[FeYs]
1,72 = [n(n+2)]"* = n~ 1; u=0; Fe'". Vay Y 1a CN; A 1a K4[Fe(CN)s]; B: K3[Fe(CN)s];
C: Fey[Fe(CN)g]; D va E: KFe[Fe(CN)g]
b) K4[Fe(CN)s] + 2Pb(NO3), = Pby[Fe(CN)e N + 4KNO5
K4[Fe(CN)s] + 2FeCl, = Fe,[Fe(CN)s ]\ + 4KCl
2Fey[Fe(CN)g] + 2K4[Fe(CN)g] + Oz + HyO = 4KFe[Fe(CN)¢] + 4KOH
K;3[Fe(CN)s] + FeCl, = KFe[Fe(CN)¢ |\ + 2KCl
¢) KFe’[Fe’ (CN)] va KFe’ [Fe’ (CN)g] chi la cung mot hop chit.
OLYMPIC HOA HOC UCRAINA 1999:
83,3g mot hdon hop hai nitrat A(NO3), va B(NO3), (A 1a kim loai kiém thé, B 1a kim loai d) duoc
nung t&i khi tao thanh nhiing oxit, thé tich hdn hop khi thu dugc gdom NO, va O, 14 26,88L (0°C va
latm). Sau khi cho hdn hop khi ndy qua dung dich NaOH du thi thé tich ctia hdn hop khi giam 6 1an.
a) A va B la nhiing kim loai nao?.
b) Tinh thanh phan ctia hdn hop nitrat.
¢) Viét cac phuong trinh phan tng.
d) Néu nung ¢ nhiét do cao hon nita thi c¢6 thé thu dugc nhimg mudi gi?.
BAI GIAI:
a) n(NO, + 0O;)=1,2mol
n(0y) = 0,2mol
n(NO;) = 1mol
%NO; = 83,3% va %0, = 16,7% = n(NO3) : n(0y) =5: 1
2Me(NO3); = 2MeO + 4NO; + O2; n(NO») : n(0,) =4 : 1
0O, oxy héa BO thanh B,Ox




b)
c)

d)

2A(N03)2 =2A0 +4NO; + O,

a a 2a  0,5a
2B(NO3), =2BO +4NO; + O,
b b 2b  0,5b
2BO + (x—2)/20; =B,0x; An(O;) = 0,05mol
b b(x —2)/4
b(x —2)/4 =0,05
b=0,2/(x-2)
MC(NO3)2 — NO,

M(trung binh) = 167g/mol
Vay M(trung binh) cta cd hai kim loai = 43g/mol
Vay A 1a Canxi (Ca) (Ma = 40g/mol)
M(trung binh) = 40a + b.Mp/0,5
2a+2b=1
a=(1-2b)2=0,5-0,2/(x-2)=(0,5x — 1,2)/(x - 2)
43 = (40(0,5x —1,2) + 0,2Mp))/((x — 2) .0,5))
x =4; Mg = 55g/mol
Vay B 1a Mn.
%Ca(NO3), = 80%; %Mn(NO3), =20%
Cac phan ung xay ra:
2Ca(NOs3), =2Ca0 + 4NO;, + O,
2Mn(NOs3); = 2MnO + 4NO; + O,
2N02 + 2NaOH = NaNOz + NaNO3 + HZO
xCa0O + MnO, = CayOx.1MnOj3: manganat kiém (1<x<4)

OLYMPIC HOA HOC UCRAINA 1999:

Cho 6,84g oxiclorua A(tinh thé d0) tac dung v6i nudce ndng tao thanh tinh thé ngdm nudc B.

Nung B thu dugc 4,64g C c6 mau vang. O 300°C, C phén g v6i CCly cho 7,94g D mau tim. Pun néng
D trong HI kh6 thu dugc bot E 1a mot chat nghich tir, vo dinh hinh mau nau.

a) Xég:r dinh cac chit A, B, C, D, E biét rang chi c6 1/3 sd nguyén tir iot trong E 12 tao két tiia voi
Ag'.

b) Viét cac phuong trinh phan Gmg.

¢) Viét cong thirc cau tao ciia A va D. Nguyén tir trung tAm, co cac lién két cing do dai véi clo 13 ¢
trang thai lai h6a nao?.

d) Thir d& nghi ciu tao ciia E & trang thai rin va giai thich vi sao chi c6 4 chir khong phai tam
nguyén tir iot tham gia phan tng trao doi?.

BAI GIAI:

a) 2MOXC1n_zx — M0,
68,4/(A + 35,5n — 55x) = 4,64/(2A — 16n) = A =50n — 116x
MzOn —> 2MC12
4,64.2/(2A +16n) = 7,94/(A + 35,5n) = A =30,67n
50n —116x =30,67n = n = 6x va A = 184g/mol
Véy Ala WOCI4; Bla WO3.H20; C: WO3; Dla WC16; Ela [W618]14

b) WOCI, + 3H,0 = WO;.H,04 + 4HCI

WO3.H20 = WO3 + HZOT
2WO; + 3CCly = 2WClg + 3CO,
6WClg + 36HI= [W618]14 + 36HCI1 + 121,



[W618]I4 + 4AgX = 4AgI + [W618]X4.
¢) lon trung tam W ¢ cac trang thai lai hoa sau:
dsp® (WOCL,); d*sp*(WCly)
OLYMPIC HOA HOC PUC 1999:

Nhimng hop chat hoa hoc nio cé thé duoc tong hop chi tir khong khi (du’oc xem 13 hon h0’p cua
oxi va nito) va nud¢c?. Ban hay viét cac phuong trinh phan tmg da dugc can bang. C6 thé ke dén qua
trinh nhidu budc, nghia 13 cac san pham c6 thé tong hop dugc tir khong khi ciing c6 thé tiép tuc phan
g v6i nhau. Ning luong, cac dung cu bit ky va cac cht xuc tac théng dung duge xem nhu cho sin
nhung khong phai 14 cac chat khac (nhu dong, halogen...)

BAI GIAI:
Nude c6 thé duoc phan tich thanh hydro va oxy nho dién phan:

1. Nito va oxy tac dung vdi nhau tao thanh nito dioxit:
N2 + 202 = 2N02

2. Nito dioxit can bang véi Nito tetraoxit:
2NO; = N0y

3. Téng hop amoniac:
N, + 3H,; = 2NH;

4. Oxy hoa amoniac thanh nito monoxit:
4NH; + 50, = 4NO + 6H,0

5. Téng hop dinito trioxit bang cach 1am bio hoa NO, long (hay N,O,) véi NO:
NO + NOz(]) = N,0s.

6. Axit nitric:
2N204 + 02 + Hzo = 4HNO3

7. Amoni nitrat:
HNO; + NH;3 = NH4NO;

8. Dibu ché dinito monooxit bin cach dun néng amoni nitrat:
NH4NO3 N20 + H2O

9. Khtr oxy cua axit nitric tao thanh hydroxilamin:
HNOs + 6H" + 6e = NH,OH + 2H,0

10. Dan hdn hop duong lwong mol ciia NO va NO; vao dung dich amoniac tao thanh amoni
nitrit:
NO +NO, + 2NHy4" + 20H" = 2NH4NO, + H,0

OLYMPIC HOA HOC PUC 1999:

420,0g mot hdn hop gdm (NH4),CO3.H,0, FeCOs va NaCl duoc dun noéng. Chit khi hinh thanh
duogc 1am kho va sau d6 chiém mot thé tich 1a 124,0dm’ (¢ nhiét do 22°C va 4p suét 1021hPa).

Ciing khdi luong d6 ciia hdn hop duge xir 1y bang mot lugng du axit clohydric lodng. Mot phan
tram cta dung dich hinh thanh dugc chuin do bang dung dich kali dicromat 0,1M. Sau khi chuan d6
xong ton hét 27, 2cm’.

Ban hiy tinh khéi luong cta timg mubi trong hdn hop.

BAI GIAI:

Sat cacbonat phan ly dua vao phuong trinh: FeCO; = FeO + CO,

Amoni cacbonat hydrat phan ly theo phuong trinh: (NH4),CO;.H,O = 2NH3 + CO, + H,O

Muéi an khong phan ly.

Dua vao dinh luét khi ta c6 thé tinh duge toan bo luong cac chét khi hinh thanh NH; va CO.,.
Phép chuén do cho ta luong Fe*™ va nhu véy 1a ca luong cacbon dioxit hinh thanh tir sit cacbonat. Ly
téng luong cac chat khi hinh thanh trir di lugng chat nay ta s& duge lugng cac chat khi hinh thanh tir




amoni cacbonat hydrat (bao gdm 2/3 1a NH; va 1/3 1a COy). 1/3 lugng chét con lai nay 1a luong chat
amoni cacbonat hydrat. Bing cach nhan voi cac khdi luong. Bang cach nhan véi cac khdi lugng mol
tuong tmg ta duoc khdi lwong cia cac cht can tim.

Tong luong cac chat khi dugc hinh thanh duoc tinh theo pV = nRT

=>n=35, 16mol

Chuan d9: 6Fe” + CryO7” + 14H (uyse) = 6Fe™ + 2Cr3+ + 7H,0

Luong chat dicromat trong mot mau thur: 2,72. 10~ mol

Luong chit sit trong mot mau th: 6.2,72.107 = 1,632.107 mol

Téng lwong chat sat: 1,632mol

Téng khoi lwong st cacbonat: 1,632.115,86 = 189,1g

Luong chat khi hinh thanh tir amoni cacboant hydrat = 3,53mol

Luong chit amoni cacbonat hydrat = 3,53: 3 = 1,18 mol

Téng khdi lwong amoni cacbonat hydrat = 134,2g

Téng khéi lugng mudi an = 96,7g
OLYMPIC HOA HQC UC 2000:

Chi duoc san xuat tir loai quing hay gip nhat trong thién nhién cua no: galen. Thanh phan chinh
cua galen la chi (II) sunfua nhung trong quéang van con nhiéu thanh phan kim loai khac trong d6 c6 chi
nguyén td. Piéu nay rat can thiét de xéac dinh dg tinh khiét cia miu quing, n6 duoc tinh boi ti 16 ciia
luong chi c6 mat 6 dang nguyén t6 s0 Vi tong luong chi c6 mat trong quéang.

Viéc san xudt chi tir quing galen dugc bit dau tir viée nung chay galen trong mot lwong gi6i han
khong khi d tao ra chi (II) oxit va giai phong ra luur huynh dioxit.

a) Viét phuong trinh phan Gng.

b) Tai sao viéc phan tng xay ra véi mot lugng gidi han khong khi lai quan trong?

¢) Vi chi nguyén t6 thi trong diéu kién d6 chuyén gi s& xay ra?. Hay viét tat cac phan ung lién
quan.

d) Hiy viét phuong trinh biéu dién sy phu thudc lugng chi c6 mit trong galen (dang PbS) so véi
lugng SO, thoat ra (do ¢ 298K va 101,3kPa)

Chi (II) oxit hinh thanh trong diéu kién trén lai tiép tuc duoc khir bfmg galen ¢ nhiét do cao dé
sinh ra chi 16ng va lai tiép tuc giai phong luu huynh dioxit.

e) Viét phuong trinh phan (mg xay ra.
f) Chi rd chét oxy hoa.

Mot mau gom 10,45g quing giau galen duge phan tich dé xac dinh ham lugng chi. 2/3 mau duoc
nung chay véi mot lwong gii han khong khi dé sinh ra PbO va giai phong 66,2mL SO, (do & 298K va
101,3kPa).

g) Tinh s mol chi sunfua c6 trong mau galen ban dau.
h) Tinh d6 tinh khiét cua galen.
i) Tinh khéi lugng chi oxit sinh ra.

Luong chi oxit nay dugc nung chay véi 1/3 lugng galen con lai. Chi long sinh ra dugc lam lanh

va dem can dugc 0,8663¢g
j) Tinh % chi nguyén t6 trong mau.

100,0mL dung dich chi nitrat dugc pha ché chinh x4c bang s6 mol chi ¢6 trong mau galen dugc
dé cap ¢ trén. Sau d6 ta thém dung dich NaOH 0,200M. Sau khi thém vao thi chi hydroxit dugc két taa
va khi thém lugng du NaOH thi két tia bi hoa tan trd lai. Sau khi két tia bi hoa tan hoan toan ta théy tén
hét 83,3mL dung dich NaOH.

k) Bang nhiing dir kién di cho. Hiy st dung dé xac dinh cong thirc cau tao ciia phirc chi.




BAI GIAI:

a) ZPbS(r) + 3802(1() = 2Pb0(r) + ZSOQ(k)

b) Dé tranh bi oxy hoa xa hon.

c) ZPbO(r) + Oz(k) = 2Pb02(r)

d) n(PbS) =0,0409.V(SO,)

e) ZPbO(r) + PbS(r) = 3Pb(r) + SOz(k)

f) Pb*" la tac nhan oxy hoa.

g) 4,06.10°mol

h) 92,9% (93%)

1) 0,605g

) 2,9%

k) [Pb(OH)4]* (n(Pb*") : n(OH) =1 : 4)
OLYMPIC HOA HOC UC 2001:

Su khtr toan phan 12 mot phan rat quan trong trong hoa vo co, cac tiéu phan hitu co nhu etanol va
andehit tuong tmg ctia no 13 etanal c6 thé tham gia vao phan tng khir. Axit hoa dung dich c6 chira ion
dicromat c6 thé oxy hoa ca hai chat trén thanh axit etanoic trong khi d6 anion dicromat chuyén vé dang
Cr’". Dung dich bac nitrat trong amoniac chi c6 thé oxy hoa etanal dé tao ra axit etanoic va trong qua
trinh nay ion Ag" bi khir hoa vé Ag.

Mot nha héa hoc tré chuén bi 500,0mL dung dich hon hop gém etanol va etanal (chua biét cu thé
luong ctia mdi chat). Dé xac dinh ham luong cta timg chat trong hdn hop thi anh ta trudc tién phai tiéu
chuan héa dung dich K,Cr,0; 0,05M sau d6 axit hod bang cach chuan d6 n6 véi dung dich sat (II)
sunfat. Dung dich sét (II) sunfat nay dugc chuan bi bang cach hoa tan 7,43g FeSO4.7H,0 vao luong
chinh xac 100,0mL nudc. 25,0mL dung dich nay phan tmg hét v6i 23,12mL dung dich dicromat va
22.45mL dung dich dicromat nay sau khi duoc tiéu chudn héa thi phan tng hét v6i 50,0mL hdn hop
etanol va etanal.

Cubi cung, mdt lugng du dung dich bac nitrat trong amoniac dugc thém vao 50,0mL dung dich
hon hop etanol/etanal khac va nha hoa hoc nay nhan théy rfmg két tia bac kim loai thu duoc 1a 0,234g.
Ngudi ndy nhdn thiy rang bay gior da co du dit kién dé xac dinh duoc ham luong etanol va etanal trong
dung dich hon hop.

a) Viét nira phan Gmg cta cac qua trinh:

i. Sukht Cr,0,".

ii. Sy oxy hoéa etanol.

iii. Sy oxy hoa etanal.

iv. Sukhtr Ag"

v. Su oxy hoa Fe™.

b) Sir dung céc dit kién & phan trén hiy cin bang cac phan Gmg sau:

1. Cr2072' vo&i etanol.
1. Cr,O0,> véi etanal.
iii.  Cr,0;% v6iFe*
iv.  Ag' véi etanal.

c) Tai sao ta budc phai axit héa dung dich dicromat?

d) Tinh ndng d6 ctia dung dich K,Cr,05 sir dung trong phép phén tich trén.

e) Tinh sd mol bac nitrat can tim dé oxy hoa etanal trong dung dich hdn hop va tir d6 tinh s6 mol
ctia etanal trong 50,0mL dung dich hon hop nay.

f) Sir dung cau e hiy tinh ndng do cua ion dicromat can thiét dé oxy hoa etanol trong 50,0mL dung
dich hon hop.



g) Tinh ham luong cta etanol va etanal trong 500,0mL dung dich ban dau.
BAI GIAI:
a) i. Cr,O7" + 14H" + 6e =2Cr’" + 7TH,0

ii. CH3CH,OH + H,0 = CH;COOH + 4e + 4H".

iii. CH3CHO + H,0 = CH;COOH + 2¢ + 2H"

iv. Ag'+e=Ag

v. Fe¥'=Fe' +e¢

b) i. 2Cr,0,* + 3CH;CH,OH + 16H" =4Cr’" + 3CH;COOH + 11H,0

ii. Cr,07” + 3CH;CHO + 8H" = 2Cr’" + 3CH;COOH + 4H,0

iii. Cr,0,” + 6Fe’" + 14H" = 2Cr’" + 6Fe’" + 7TH,0

iv. CH;CHO + 2Ag" + H,0 = CH;COOH + 2Ag,) + 2H"

¢) Can bang cta cac phan tmg c6 su tham gia cua proton chuyén dich vé phia trai. Chinh vi vay,
viéc ting thém ndng do proton lam chuyén dich can bang vé phia phai.
d) 0,0482M
e) 0,00108mol
f) 0,000720mol
g) Netanol = netanal O,O 1 081’1’101
OLYMPIC HOA HQC UC 2001:

Oxit c6 thé dugc phan loai thanh oxit axit, oxit bazo hay oxit ludng tinh. Cac oxit ion déu 1a oxit
bazo, n6 phan tng v6i nude dé cho ra dung dich bazo. Vi du nhu Li,O:

leO(r) + HzO(]) 2L1 (aq) +20H" (aq)

Diéu nay duoc giai thich 1a anion O (ag) €0 tinh oxy hoa rat manh va né d& dang phan tng voi
nudc dé smh raion OH

0% ag) + H2Oq) = 20H (ug)

Oxit cua cac phi kim 1a cac oxit axit: Vi du: COs.

CO2a) + H200) = H2CO3aq)

Oxit chira cac nguyén td co trang thai chuyén tiép 4m dién déu la nhing oxit ludng tinh. N6 ¢
déy du tinh chét cua oxit axit Va oxit bazo. Vi du: ALOs.

A1203(r) +6H" (aq) = 2A1 (aq) T 3H20(1)

ALO3@) + 20H (aq) + 3H20() = 2[AI(OH)4] (aq)

a) Vict cac phan ing cua bari oxit va indi oxit v&i nude (day la cac oxit bazo).

b) Luu huynh dioxit va trioxit déu 1a nhitng oxit axit. Viét cic phuong trinh phan tmg cia cac oxit
nay voi nudc.

c¢) Trong cau b thi axit nao s€ co tinh axit manh hon. Hay néu ra quy luat.

d) Hay sap xép cac oxyaxit cua clo theo chiéu ting dan tinh axit.

e) Trong hai oxit cta thiéc 12 SnO va SnO, thi oxit ndo ¢6 tinh bazo manh hon. Giai thich.

f) Beri oxit va asen(IIl)oxit déu 14 nhitng oxit ludng tinh. Hiy viét cdc can bang axit va bazo cho

mdi chat.

Céc perox1t(02 ), supeoxit(O;) va nitrua (N*) ion (cua kim loai) thé hién tinh bazo rat manh khi
chung phan tng v6i nude vi trong moi truong hop ching déu sinh ra dung dich kiém. Hydro peoxit 1a
san pham sinh ra khi cho peoxit va supeoxit phan (mg véi nudc, san pham phu 1a oxy.

g) Viét cac phan tng xay ra khi cho bari peoxit va kali supeoxit phan (mg voi nuéc.

h) Khi céc nitrin phan g véi nude thi ngoai dung dich kiém ra con thu duge chit nao?

1) Tuong tu nhu vy véi trudng hop cia photphin.

j) Trong hai san pham & hai cAu h va i thi san phadm nao c6 tinh bazo manh hon. Giai thich.




BAI GIAI:

a)
b)

c)

BaO) + H0) = Ba'ag) + 20H sg)

In,03 + 3H,0() = 2In*" + 60H (5q) (hay In(OH)3 ()

SOz(aq) + H20(1) = HzSO3(aq)

SO3(aq) + H200) = H2SOuaq)

SO; c6 tinh axit manh hon, nhu vay H,SOj4 c6 tinh axit manh hon.

Dbi voi mot day cac axit thi axit manh hon s& 13 axit ¢6 nhiéu nguyén tir oxy gan véi nguyén tir

trung tAm hon. Zumdahl d4 gia thiét rang diéu nay xay ra do nguyén tir oxy c6 tinh 4m dién cao thi c6
kha ning rut electron ra khoi nguyén tir trung tdm va ca lién két O — H. Két qua 1a lién két O — H trd nén
phan cuc hon va yéu di. Chinh diéu d6 1am ting tinh axit cta cac axit c6 chira nhiéu nguyén tir oxy lién
két voi nguyén tir trung tam.

Ciing c6 thé giai thich nhu sau: S ¢6 sb oxy hoa +6 trong SO; va H,SO4 con trong SO, va H,SO3

thi luu huynh c¢6 s6 oxy hoa +4. O trang thai oxy héa +6 thi luu huyng ¢ kha niang hut electron tir cac
nguyén tr O 1an can. Nhu vay lién két O — H s€ bi yéu di va tinh axit s€ tang 1én.

d)
e)

f)

g)
h)
i)
j)

HCIO < HC10, <HCIO3 < HCIO,.

SnO c6 tinh bazo manh hon. Do & trang thai oxy hoa +2 thi Sn it c6 kha nang hut e & cac nguyén
tir O 1an cén hon 1a khi ¢ trang thai c6 ) oxy hoa +4.

BeOy) + 2H (1) = Be*'ag) + H20p)

BeO + 2OH_(aq) + HZO(l) = [BC(OH)4]2_(aq)

A8203(r) + 6H+(aq) = 2A83+(aq) + 3H20(1).

AL O3 + 60H (4q) = 2A5037 (4 + 3H20q,

Ba()z(r) +2H,0 = B32+(aq) + ZOH_(aq) + HzOz(aq) + Oz(k)

2K 02 + 2Hy0q) = 2K (ag) + 20H (o) + H2O2a) + O2q9

MgsNag + 6H20) = 3Mg™ (ag) + 60H (ag) + 2NHi(ag)

NazPg) + 3H20(1) = 3Na+(aq) + OH_(aq) + PH3

NHj; 1 bazo manh hon, N ¢6 d6 4m dién 16n hon P nén nguyén tir N trong NH; sé& két hop véi
proton dé dang hon nguyén tir P trong PH;.
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