I1. Huémg din cy thé
Ciu I (3.0 diém)

L1. Trong thyc té, oxi phan tir (02) ¢6 thé
electron doc thin hodc khong c6 electron doc than.

a. V& gian b orbital phan tir (MO) cta céc dang néu trén. )
b. Trong cac dang O; néu trén, dang nao kém hoat dgng hoa hoc nhat? Néu céc li do dé giai thich.

¢. bé so sanh vai cong thuc ciu tao theo thuyét lién két hoa tri (thuyét VB) cua cung p\ét phan
tu, to gian 44 MO co6 thé dé xuit cong thirc céu tao “kiéu MO™ nhu sau: goi n'* 1a sb electron
thuée MO lién két W™, " 1a sb electron thugc MO phan lien Kkét PP (P va PP duoc tao ra
tir cung mét cip AO ban ddu), n=n" - 1a sb electron tham gia lién két “kiéu MO”. Neun =
2 thi tvong umg véi lién két 2 electron, ki hiéu 1a 1 gach (-); néu n = 1 thi tuong ﬁng'vé’i lién ket
1 electron, ki hidu la 1 dédu chdm (). Hay dé xudt va giai thich cong thirc céu tao “kiéu MO™ cho
anion O; & trang thdi co ban.

d. Tuy theo diéu kién phan img, mdt phan tr
trinh 2 electron dé tao thanh H>O, hodc mdt qua
MO dé chi ra co s& cla cac qua trinh ndy.

1.2. Mot ki thudt thue nghiém dé xic dinh nang lugng phan li lién két OO, (trong phén tir ozon)
duoc thyc hi¢n nhu sau: chiéu chum sang don sac qua mot mau khi O;, giam dan budc song tr gia
tri ban diu 750 nm. Sy quan sat cho thdy, khi giam budc song t6i 330 nm thi xuét hién qua trinh
phin li O; — O, + O.
a. Xac dinh niing luong phan li lién két (kJ-mol™) ciia 00,. Vi sao khong bit dau do tir budc séng
ngin (100 nm ching han) roi ting dan budc song?

b. Lién hé dé chi ra vai tro bao vé Trai Dat cua tang ozon.

Huémg din chim

téntaiécécdangvéicéuu-ﬂcelecu'onkhécnhm:oéZ

0, trong dung dich nude c6 thé bi khir boi mot qua
trinh 4 electron dé tao thanh H,0. Sir dung gian do
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L1. 2,0 diém
a. (0,8 didm) Céc gidn dd MO ctin Oy,

Madevwtar Orbital

t — /N

om-

a,

Muteesiine Oriibind

Dang | Dang I1 Dang I11

Ghi chii: Hoc sinh c6 thé viét thém dang 2 electron ddc than déu c6 m, = -1/2. Chi cAn viét duge 2
da{xg trong 46 c6 dang 0 va 2 electron dfc thin la cho du diém. Néu viét dugc 1 dang thi cho 0,25
diem.

b. (0,5 diém) ;
- Dang 111 kém hoat ddng hoa hoc hon ca (0,25 diem)
- Dang 111 14 trang thai co ban. (0,125 diem)

- Dang 1 va Il 1a O, ¢ trang thai kich thich nén c6 ning lugng cao hon dang III. Vi véy, theo dinh
lufit Hess khi cic dang O, tham gia phan tng, sinh ra cing san pham thi ning lugng kém theo phan
tmg cua dang 111 kém 4m nhét. (0,125 diém)

c. (0,5 diém)
- Chu hinh electron phén tir cia 0" 12 (065)2(0s )2(02) (M) (1) (mx Y(my ") (02 )°
- Cong thirc dé xuét:
:0——0 hoge §—9* hoge *0—Q (0,25 diém)
Ghi chit: Hoc sinh chi cAn viét dugc mot lién két 1 electron va 1 lién két hai electron la cho du sé
diém.
Giai thich: ’
+ Vi cip MO o, va o' thi n = 2-2=0 — khéng tao lién két giita cfip AO s,
+ Vai cip o, va o'z thin=2-0=2—>tao 1l liénkéto 2,e]ectron.
+ Vi clip my va niy *thi n=2-2 =0 — khong tao lién két giita cap AO px.
+ Vi cip my va my, " thin=2-1=1— tao lién két 1 electron.
(Sb electron trén my va 7y c6 the doi cho nhau) (0,25 diém)

d. (0,5 diém)

Céu hinh electron phén tir ctia O; 12 (65)X(0s )A(02)2 (M) (my) (mx ) ()’

- Khi nhan thém 2 electron chuyén thanh cu hinh (05)’(0s ) (02) (M) (my) (e Y'(m,")* nén lin két
7 bj pha vd, béc lién két bing 1, chinh 12 lién két o giita 2 nguyén tir O, tuong {mg v6i sy tao thanh
san pham H,0,. (0,25 diém)

- Khi nhin thém 4 electron chuyén thanh ciu hinh (05)%(05")(0,)2 (M) (my)2(my Y(my (0, ), bic
lién két bing 0, tt ca cac lién két gitta 2 nguyén tir O bj ct dirt hoan toan, twong img véi sy tao
thanh san phim H,O. (0,25 diém)
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L2. 1,0 diém
a. (0,5 diém)

- O3 hip thy ning luong ¢ 1 .
£ e ] g cta photon dé pha vé lién két 00,, vy tinh duge ning lugng phén li lién
ket (truomg hop nay chinh 1a nang lugng lién két): e ‘ i

_he 6,626.107.3.10%.6,022.10%
B Nas 30100 Y ~362,74 (mol™). (0,25 diém)

- G bude séng ngén, 100 nm chéng han, tuong tmg voi nang lugng 16n ¢6 thé ngay 1ap i pha vo

(,:éc lié,q két nén khong quan sat dugc budce song dai nhét c6 thé pha vé lién két (ciing chinh 1a tuong
ung vo1 nang lugng lién keét). (0,25 diém)

b. (0,5 diém)
Tﬁng ozon bao vé Trai 'Dét khoi céc photon ning lugng cao c6 budce séng ngdn hon 330 nm (nguy
hiém véi céc sinh vat sbng) nho kha nang hdp thu céc photon nay.

Cau II (3,0 diém) )
IL.1.Trong phuong phap phan tich nhiét, mdt chét rin khéi lugng m; dugc gia nhiét, thu duge chélt rn
méi khéi Iwong m, (khdi lugng m; thay ddi theo timg giai doan phan tng) va chat khi hogc hoi. Gian
d3 phan tich nhiét cho biét s bién ddi khdi luong ctia chét ran theo nhiét dd: truc tung biéu thi phin
tram khéi lwong chét rén con lai so véi khdi luong ban dau (Yem = %100% ),  truc hoanh biéu thi
|

nhiét 36 nung.
Gian dd phan tich nhiét (hinh bén) cua canxi oxalat ngdm nudc
CaC,04H,0 trong méi trudong khi tro cho thiy ba giai doan phan tng
c6 kém theo thay dbi khéi lugng ctia céc chét ran:

(1) CaCy04H,0 —2 5 R1+ K1

Q)R1— s R2+ K2 :

3)R2—2, R3+ K3
Ki hiéu R cho céc chét rén, K cho c4c chit khi hogc hoi. Biét ti 1& mol
céc chit trong ca 3 phan ung déu la 1:1:1.
a. Dua vao két qua tir gian dd phan tich nhiét, xac dinh cong thirc phan
tir ctia cc chat R1, R2, R3, K1, K2 va K3.
b. Du doan va gii thich ddu cta bién thién entanpy chudn & 298K cac
phan tmg (1), (2) va (3).
I1.2. Dé x4c dinh ham lugng canxi cacbonat trong mdt méu da vdi (gia thiét chi chira CaCO; va tap chit
tro), trudc tién, mot chubi cac phén img dugc thyc hién & két tha toan bo Ca®* vé dang mudi oxalat (A).
Tiép’theo,,toém bo lugng A duge tach khoi dung dich va lam kh6 & nhiét d§ phong. Nung A ¢ 200
°C dén khdi lugng khong doi, thu duge mdt chat ran B duy nhét. Theo quy trinh trén, tir 0,575 gam
da voi thu dugc 0,683 gam B.
a. Li giai vi sao chon nhiét d6 nung két tiia A 14 200 °C?
b. Phén traim khéi lugng CaCO; trong mAu d4 voi trén 14 bao nhiéu?

Huéng din chim

IL1.
a. (1,5 diém)
-Tai nhiét d gin 200°C:
Yom=—DR1 100% = — MR 100% = — MR 100% = 87,7%
Myc,0,.H,0 CaC,0,.H,0 (128 +18)
—M,, ~128=>M,, =18
Vi viy: K1 1a H,0 va rén R1 1a CaC,0, (0,5 diém)

- Tai nhiét d¢ gin 510°C:
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Mzrz 100 =68,5%

-——-—M-&;——.].OO = 146

%m =Rz 100=
mc‘-xo‘ H,0 C£204.HIO
—-)MR2=100,01—>MK2=28 y
Véy du doén K2 la CO va do d6 R2 12 CaCO; (0,5 diém)
- Tai nhiét d¢ gan 780°C:
vom = — T 100% = — 1w 100% = M3 100% = 38,4%
Meyc,0, H,0 CaC;0, H0 146
- M,, =56,06 > M,, =44 '
Viy du doén K3 1a CO; va do d6 R3 1a CaO (0,5 diém)
b. (0,5 diém)
Mdi phan img trén déu ¢6 AHy, >0 do:
- () 298K, phén tmg khong ty dién ra nén AG%, >0 (0,125 diém)
(0,125 diém)

- Phan (mg phan huy chét riin va tao khi, lam ting entropy nén AS3, > 0
Vi AGiy = AHy, — 298.4S5, = AHjg = AG3, +298.48, >0 (vi la tdng cua hai s6 duong).

(0,25 diém)
(Néu HS chi tra 16i ca 3 phan timg déu c6 AHZ%, >0 nhung khong gidi thich thi chi cho 0,125 diém)

11.2. (1,0 diém)
a. (0,5 diém)
Chét A két tinh tr dung dich nén ngdm nudc, véi cong thirc la CaC204.H20. Dya vao gian d6 phén
tich nhiét cua canxi nx‘alal ngdm nudce o cdu IL1: su tach hoan toan nudce ket tinh (nude trong phén
tr mudi ngdm nude) can nhiét d§ gan 200°C. Neu nung ¢ nhi€t d cao hon thi c6 thé tao ra hon hop
va tdn ning lugng hon. (0,5 diém)

b. (0,5 diém)

-Ala CﬂCzOq'HzO; B la CaC,0,.
- Tinh ham lugng phén trim CaCOj:

(0,25 diém)

Ngo. = Negc,o, = 9}%%?%;2 =5,336.10" mol
¥ ™ g ,
(0,25 diém)

-3 -1
% .. _35,336.10 (mol).100(g- mol )'100=92’79%
' 0,575(g)

Ciu 111 (3,0 diém) '
M0t logi pin nhién liéu oxit kim loai si dung chét dién li rin 12 hdn hep CeO,, Gd,0s. O

800 °C, hdn hop oxit nay cho phép ion 0% di chuyén giira hai dién cyc. Pin nay st dyng nhién liéu
CO. Biét phan img toan ph?m xdy ra trong pin: 2COg) + Oy — 2C0

IL.1. Tinh suc dién ddng cta pin & 800 °C, biét niing lugng ty do Gibbs cta phén umg (*) & diéu
ki¢n nay la -380 kJ.

111.2. Viét cac ban phan (mg xdy ra & cac di¢n cyc ca pin.

I11.3. Tinh mdt d nang luong dy it (W-h-kg ') cia nhién ligu CO. Cho biét 1 W=11J5".

11.4. Nang luong thu dugc tir pin nhién liu co thé dugce str dung cho cac myc dich khac nhau trong
giao thong, cong nghiép hod hoc.... Trong c¢Ong nghi¢p. NC-(CH,)4-CN (mot tién chit cua
NH,-(CHs)s-NH, 14 nguyén ligu cho sin xudt nylon) duge tdng hgp dién hod tir CH;=CH-CN trong
mdi trudmg axit.

a. Viét phuong trinh phan timg tdng hop di¢n hod NC-(CH,)s-CN.
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b. Tinh khdi luong (tdn) nhién 1i
hoa 1.0 tdn NC(CUL),-CN.
Gia thidt higu sudt cde qud trinh ddu 1a 100%.
Hwong din chdm '
HLL (0.8 diém) AG" = “nFAE® —» AE® = ~AGYnF = 380,10"/4.96485 (J/C) = 0,9846 (V)
HL2 (0,5 diém) Cdc ban phdn ung:
Catot: Oy + de — 20° (0.25 diém)
Anot: CO +0Y — CO, + 2¢ (0,25 diém)
HL3. (1,0 di¢m) Phan tmg toan phiin 2CO + 0, — 2C0;
I mol CO 1po 2 mol ¢, twong duong vaoi dign lugng:

¢u CO vim du dé cung cdp naing lugng cho phan @ng thng hop dién

q = 2. 96485 (C) = 192970 (C) ~ 192970 (A-s) (0,25 diém)
Nang lugng tdi da tinh cho 1 mol CO:
P = 0,9846.192070 (V-A-s) = 190000 W's = 52,78 W-h (0,25 diém)

M4t d§ nang lugng t6i da cho 1,0 kg CO: (52,78 .1000)/28 = 1884,92 (W-h-kg Y (0,5 diém)
(Gida tri nay gdp hon 10 lan mdr d6 nang heong cua mét pin chi/ axit: 167 Whkg)
Néu hoc sinh tinh lam tron va viét 1 1885 (W-hkg ') thi vén cho du diém.
L4 (1,0 diém)
a. Phdn ung tong hop di¢n héa NC-(CH;)4-CN: _
2 CH=CH-CN + .'.’Hf +2¢ — NC-(CH;)4-CN (0,5 diém)
b. Gia sir hi¢u suat qua trinh tong hgp dig¢n héa NC-(CH,)4-CN sir dung pin CO/O; l1a 100%.
1 mol NC-(CH»)4-CN cén 2 mol electron, twong duong véi 1 mol CO nhién ligu cén sir dung.

Khéi lugng nhién liéu CO cén cung cdp: meo = Mo _ 0,26 tin (0,5 diém)

CoHN,

Cau IV (3.0 diém)

Phan ung clo ho4 toluen (C¢Hs-CHj hay Ph-CH3) c6 thé xay ra theo céc co ché khac nhau tuy
thudc vao diéu kién phan ung.
IV.1. Trong thi nghiém duéi day, toluen (16ng, dugc 14y rit du) phan tng véi clo khi dun néng va
¢6 mdt mot xuc tic axit (néng do axit1a 0,117 mol-L"). Nhiét d§ cua phan ung dugc giir khong doi.
Dong hoc cua phin ing dugc nghién ctru qua sy dinh lugng nong dé Cl, trong hdn hop phan img
sau timg khoang thoi gian:
Thoi gian (pht) 0 ‘ 3 6 10 14
[CLb] (mol-L™) 0,0775 0,0565 0,0410 0,0265 0,0175
Hay xéc dinh bic riéng phan cia Cl, va téc d9 phan tmg (mol-L™'-phiit ™) tai thdi diém ndng
dd Cl, trong hdn hop phan tmg 14 0,0500 mol-L™". '
IV.2. Lap lai céc thi nghiém clo hod toluen trong d@éu kién rét du toluen va tai mdt nhiét dd khong ddi,
chi thay d6i nong do chat xic tac. Tai cung thot di€m nong d6 Cl; (trong hén hop phan (mg) 14 0,0500
mol-L™", tdc do phan img do dugc véi 3 nong d6 xuc tac khac nhau duogc cho & bang dudi day:

Nong d9 xic téc (mol-L™") 0,050 0,075 0,100
Tdc dd phan ung (mol-L™"-phiit ™) 0,00144 0,00265 0,00408

Hay xac dinh bac riéng phin cia chét xc tac.
IV.3. Sy c6 mét cua xic tac thich hop lam téng tinh electrophil ctia phén tir clo do su tao thanh mdt
phirc chat trung gian. Hay d€ xuat mot chat xidc tic va vé& cong thirc ciu tao Lewis cla phirc cht
trung gian do.

IV.4. Duéi téac dung ciia 4nh sdng mat trdi, clo phan ng véi toluen theo co ché d& xuit nhu sau:

Cl, +hy f# 20T

Ph-CH; + CI' —2 Ph-CH," + HCl
Ph-CH,'+ Cl, —%— Ph-CH,CI + CI'
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Dura trén c0
cmClg va Ph-CH3

IV.1. (1,0 diém)

-Phanm:g,duocxuctacbmale

trong hén hop 1a bAng. nhau
ng

hién trong diéu kién gia bdc.

d;ep!mntmgduqc thuc
lay rat du, mot lan nira dugc thyc

- Toluene (long) dugc

uonamnhlualtocdochophanungduocnetnhusau
v = k [Ph-CH;]"[xuc tac]*[CL,]°

ché ndy, tim biéu thirc tinh nbng 45 Ph-CH, theo thisi gian. Mmghﬁ_\
din chim
nhmgnmgquémnhpimmmaoxﬁcmawaﬁ“
hién ¢ diéu kién gid bfc. Tong quis

& mdi mot thi nghiém [Ph-CHs] va [xic tac] Judn duoc gilr khong dbi nén the 49

\

v=k[CL] ,

véi k* = k[Ph-CH;)[xiic tac]® (0.25 diém)

- Gia sur bac riéng phan cuaclo 1a 1, phuongmnhdonghocdangmhptﬁuéu_

kt=inlChl

[CL],

C6 thé xac dinh &’ theo phuon phapmé,ﬁnhmk'aﬁ@gmaiaprﬁiﬁymgbinh
Thoi gian (phat) | 0 3 6 10 14 k (phut) |
[CL]. mol-L™ 00775 00565 00410 |00265 00175 :
kK 0.1053 |0.1061 |0.1073 10,1063 | 0,1063 ]

Gid tri cia k' tinh duoc hdu nhu xAp xi nhau, vay gia thiét bdc riéng phan ciia clo la 1 la ding va
nhu vay hang s6 tdc do biéu kién cia phan tmg 1a 0,1063 (phut™). 0.5 diém)
0005315

- Nhu vaynnhduqctocdophan img tai [Cl;] = 0,05 mol/L; v = k’[CL] = 0,1063.0.05 =
mol-L™"-phuit™. (0,25 diémy

IV.2. (0,5 diém)
Bai vi: v = k[Ph-CH;3]*[Cl][xtic tac]®, ma k[Ph-CH;J*[CL] = const 12 nhw nhau (tai ciing thoi diém

[CL:] = 0,05 mol/L) do do:

v = const{xiic tac]®, tir 46 c6: —-
v, [xuc tac],

Béngcachthaycécgiéuidﬁclwtrongbangsoliéuvéobiéuthfncuén,xécdinh&lqcb,dﬁghg:

- ([xbetic),y, (0.25 diém)

000144 _ 005, s
0,00265 0,075
Viy béc riéng phin cia xiec tic 1a 1,5 (0.25 diém)
IV.3. (0,5 diém)
Axit phai 14 1 axit Lewis nhur AICl3, FeCls. Phan img tao thanh phirc chit trung gian:
[ <':| | i
a-—-—c:/\‘ ' A —> S C—A—C == G= '—ci———m’-——a
o’ a U L
cl Ct
(0,25 diém)

Sumoﬂlbnhphuccbétnbutrénwlémxuithlénmétphindiennchdxmmwmyénmﬂ
Iam tang tinh electrophil. Phan (mg di&n ra theo co ché thé electrophil.

[AICL]" hinh thanh do twang tac cia phic trén ydi toluen.

. W'gp;;’-ég- ol
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CH,
cl
R ' o
:g-c-gl'_‘AIP——CI —— ,m.}
® .
G (0,25 diém)

1[\1:]\1(:\&])0 sinh viét [AICL] thi khong cho diém vi AICI; khdng thé phan img véi Cly dé 1o CI" ¢
4
IV4. (1,0 diém)

cr
d[ ]—2k [Cl,]1-2k_[CI') =k,[Ph — CH, ][CI' ]+ k,[Ph— CH; ][Cl,] =0 (I)
(0,5 diém)

Ph - CH,
g[——d;———] k,[Ph — CH, J[CI'] - k,[Ph- CH,][Cl,] =0 (D)
Thay (I) »(D):
K, l[(C' Ak [PIL' CH: (\i ndng d Cl, va Ph-CH; ludn bing nhau)
1 -1

[cry =

=[CI']= l‘il.’l‘k‘_CI.{s_] (III) (0,25 diém)

- T\t phwong trinh (2): -‘—‘E%;—CH—J = k,[Ph—CH,][CI'] két hop véi (I1I) ta co:

_*'_E’id_ctl_] k,[Ph— CH]( [Ph—CH,] = k(fj]wh CH,J.

Vi gia thiét cho ndng d5 chét ban d4u bang nhau.

—dPhCHL] 1B gt voi k=k,
[Ph-CH,] K,

L
k.,

Tadécs:  [Ph—CHs]™Y? = S+ [Ph—CH3];* (V) (0.25 diém)

Hoc sinh c6 thé bién déi tiép, nhung chi can viét dén biéu thikc (IV) la cho di diém.

Cau V (4,0 diém)
V.1. Trong mot s6 trudng hop, theo quy tic 18 electron cla Sidgwich, mdt phirc chét s& dugc dy

doan 1a bén néu céc nguyen tir hodc ion kim loai chuyen tiép trung tim dat dwoc cdu hinh
18 electron (n- 1)d"’ns’np® nhur ctia khi hiém. Dua vao quy tac nay: /& @

a. Giai thich tai sao Fe(0) co thé tao phic chét don nhan bén X véi CO, 8 ” 1
trong khi khéng quan sat thiy diéu twong ty & Co(0)? Cho X phan tng ‘» . “m«-‘-ﬁg ‘
vé6i I theo ti 1& mol 1:1 thu duge phirc chat don nhan Y va khi Z. Xac ﬁ L o l '®
dinh cdong thirc hoa hoc cia 'Y va Z. L @ y

b. Giai thich tai sao Co(0) lai tao duoc phirc chét hai nhan bén véi CO ‘-; _ ® o
¢ cong thire 1a [Cop(CO)s]. M6 ta sy tao thanh lién két va v& cdu tric @ ° I [ %ég ol

hinh hoc ctia phifc chat nay. Yo
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44,30 A duge md ta & hinh bén. ¢

26; /-( 0" 27, ’ |
g cm ) cila M vé bén kinh cua ion si

«it st M ¢ hing s6 mang |

Cho biét: Z¢ = 6; Zye =
M. Tinh khdi lugng riéng (

V.2, M{t & mang 1dp phuong cia o
a. Xac dinh ¢ong thire hod lu,u‘)cull
(A). Cho biét ban kinh cua ion O° 1a 1,40 A. 4N o6 ciing ki
b. Trong qua trinh tng hg{p M. thu duge &Tll) _.s:it ] :riéngg; A

. 1 thi¢u hut mot so lugng ion sit, Khot lugn e _
otng thie hod how cin N Db hoc don gian dé phén biét (dinh tinh)

¢ong thie hod hoe cua N, D& xuéit quy trinh hod
Huwéng din chim

du 6 mang va hiing sb mang nhu ciia
la 5,70 g-em . Xac dinh
M vaN.

V.1. (2,0 diém)
thé két hgp véin

a. (1,25 diém) . 6 cb
Nguyén tir Fe ¢6 8 electron hod trj ndm thudc cac phén 16p 3d4s, do v@y n (0,25 diém)

phéi tir CO dé tgo phirc cht don nhén [Fe(CO),]. CO la phdi tir cho 2 electron.
Nhu vy, tdng s electron hod trj va electron lién két cua phtrc chét 1a 18 electron — f‘; '2‘}1 =18 —
n=5. Viy X la [Fe(CO)s). (0,25 diém)
. .y 4 .
Nguyén tir Co c6 s6 1¢ electron hod trj (9 electron) thuéc céc phan 16p 3d4s, do vay}hn }(et th t:’él
n phéi tr CO dé tao phirc chét don nhan thi téng sb electron hod trj va electronlhen ket cua phirc
chat 1a s8 ¢ (9+2.n), khong dat dugc chu hinh bén cua khi hiém. Do d6, Co(0) khong tao dugc phirc
chit cacbonyl don nhan bén. (0,25 diém)
Y la phirc chét don nhan, théa man quy téc 18 electron — Y 1a [Fe(CO)4(1)] (0,25 diém)
(0,25 diém)

Z 1a CO.
(véi phan ing la [Fe(CO)s] + I, — [Fe(CO) ;] + CO)

b. (3/4 diém)

- Trong phirc chét [Co2(CO)s], mbi nguyén tir Co ¢6 9 electron ho4 tri, 8 electron tir 4 phéi tir CO
va | electron tir lién két Co-Co. Vdy mdi nguyén tir Co c6 18 electron nén phirc chét [Cox(CO)s]
(0,25 diém)

bén.

M@ ta sy tao thanh lién két va ve cu tric cua phirc chét [Co2(CO)s]:

- Trong phén tir [Coy(CO)g), mdi nguyén tir Co tao nén 6 lién két: 4 lién két o-cho-nhén tao nén tir cip
electron trén MO o lién két cua CO, mét lién két o cho-nhén tao nén tir cdp electron d cua Co véi MO =
trdng ctia CO va mat li€én ket 6 tao nén gitta hai nguyén tir Co. Nhur vy, hai lién két o ciia moi cau CO
0 day duoc coi la hai lién két‘cho nhdn nguoc nbau: mot tir CO va mot tir kim !oai. Lién ket giira Co véi
c¢é4c phan tir CO khéng phai cau con dugc lam bén nho lién két 7 cho. (0,25 diem)

- V& cdu tric cua phuc chat [Coy(CO)g]:

(0,25 diém)

(Chi cén vé dugc mot trong 3 dang trén)
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Néu hoc sinh Ridi thich theo lai héa cua Co dang d’sp’ thi ¢ fing cho di didm
Néu hoc sinh gidi thich theo lai héa cua Co dang dsp’ v vé dang ddng phan sau thi ciing cho
i diém.

co
oc

“Z,

V.2.(2,0 dlem)
a. (1,0 diém) Trong mot d co so:

1

+S6 ion 0% la: 8.§+6% =4 ion

+ S6 ion sit Ia: 1+12. %=4ion
= Dé bdo dam trung hoa dién tich trong mot 6 co s& thi cdng thirc cia oxit s&t phai 12 FeO.

(0,5 diém)
- Khéi lugng riéng cia M 1a:
: r\:} (4,30. 10‘:1)72 o ror - 0@ em™) (0,25 diém)
- Tinh ban kinh cua ion Fe**:
+ Xét canh cuia 0 co sd:
R,. +R, _=%:>R-. =%—R =%—140 0,75A. (0,25 diém)

b. (1,0 dlem) Theo bai ra, N chi khac M vé sb 1on sat ma gia tri khéi lugng riéng cla oxit sat N nho
hon so véi M, trong khi kiéu cdu tric va hing sb mang khéng thay dbi nén tinh thé oxit sit N bi

thiéu sit. Goi cong thirc thuc nghiém cta N 14 Fe,O.
- Khdi hrgng ctia mdt 6 co s& ctia N 1a: my=D.V =5,70 . (4,30.10'8)3 =4,532.102%2 gam

4.16 ‘
=23,45%. 0.25 dié
4,532.102.6,022.107 ° (0,25 diém)
0 o
%Fe _ 56.x _ 76,55% o x=0,9327
%0 16  23,45%

= %0 =

- Cong thire cﬁa N 1a Feg 32,0 (0,25 diém)
I
- N c6 dang F ea Fe» O . P& bao toan sb nguyén tir va bao toan dién tich, ta ¢6:
a+b=0,9327va2a+3b=2
i jul
= a=0,7981; b= 10,1346 = Cong thirc ctia N 14 Feo 798 Feo 346 O (0,25 diém)

(Néu HS viét cong thike ciia N 6 dang hon hop cdc oxit phii hop thi van cho di diém)
- Quy trinh quy trinh hoa hoc don gian dé phan biét (dinh tinh) M va N:
+ Lay vao mbi bng nghiém mot lwong nhd mau bdt M hoic N. Nho tir tir dung dich HCl loging vao hai

dng nghxem trén du dé hoa tan hoan toan M, N.
MauM: FeO+2H" — Fe? +H20
MauN: Fe,O; + 6H — 2Fe™* +3H0 va FeO+2H' — Fe* + H,0
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. O ¢6 dung dich mau do
hogic Fe;Oq+8H® —» 2Fe’ +Fe’ + 4Hx " duge tao ra tir oxit N bang hién WORE 27 o8 np)

dé nhén ra ion Fe’
+ Dung dung dich SCI;.; S R SONT —[Fe(SCN)s]

mau xudt hién. )
(Néu HS dimg dung dich kiém dé nhan biét thi cho 0,125 diém)
h huéng 16n t6i pH cua nuéc bién. Khi luc:;nai l((:};lil :h()[;
hiém trong t6i cac via san ho (T((;, thanh p

ng khi.

CO, trong kho
3 ran va 2 g blnh 1rong k.hl quyen h‘?n lal

Ciu VI (4,0 diém)
VI.1. Ham luong khi CO; trong khong khi an

ting thi pH cua nudc bién giam, anh hudng ng

CaCO3). Nuée bién luén tén tai can bang vai CaCO
a. Tinh pH cua nudc b1en hién nay. Biét ham lugng khi CO; trun

(nam 2019) 14 0,0385% vé thé tich.

' 14% vé
b. Ham lugng khi CO; trung binh trong khi quyén nam 1900 12 0,0295%, nam 1950 12 0,0314%

uorc blen c6dosaulasm

thé tich.
(i) Xac dinh kh01 luong CaCOs d4 tan ra tir nam 1950 dén 2019 tinh cho 10 km’n e ) trong giai doan

(ii) So sanh tbc dé tan trung binh ctia CaCO; vao nudc bién (tan nam
50 nam tir 1900 dén 1950 va giai doan 69 nam tir 1950 dén nay. s
835; Kw=10"

Biér: CO244) €6 pKa = 6,35; pKaz = 10,33; CaCO3 c6 pK; = e
K,=30,2; Ca*+H,0 —*Ca(OH) +H" "B=107"

COZ(dd) A COZ(I() anh
Cac phép tinh dugc thuc hién & 25 °C, ap suét khi quyén 1a 1 atm va gia thiét khong bi

huéng bédi cac yéu td khac.
VL.2. Phén chua (K>SO4Aly(SO4)3-24H,0; M = 948 g-mol ™) 1a chit thutmg dugc sit dung de lam trong
nudc sinh hoat nho qu4 trinh tao AI(OH); két tua bong keo kéo theo céc chét rén lo limg trong nudc.
a. Tinh pH cua dung dich phén chua bdo hoa & 25 °C, biét d6 tan ctia phén chua & nhiét 4o nay

12 59,0 gL',

b. Dé lam trong nudc sinh hoat ¢6 pH = x, mot lugng y gam phén chua dugc hoa tan vao 1,0 m’
nude sinh hoat dé tao két tua bong keo AI(OH); va tobng ndng d6 cac dang ion nhdm con lai trong
dung dich bang 10™° M (coi nhu két tia hoan toan AI** )- Gia thiét khong ¢6 qua trinh nao khac.

(i) Thlet 1ap biéu thirc tinh y theo x. Ap dung tinh sb gam phén chua cén cho vao mét bé chira

3.0m’ nudc sinh hoat c6 pH 1a 6,50.
(ii) C ho réng dé lam trong mrorc sinh hoat mdt cach hi€u qua thi lugng Al(OH); két tua bdong
keo t6i thiéu phai la 15,6 mg-m™ nuéc. Xéc dinh pH tdi thiéu cua nudc sinh hoat dé c6 thé su

dung hiéu qua phén chua.
" "B=10"; pK, nso,” = 2,00; pK; ajiom), = 32,40; Ky = 107

Biér: AI'+ H,0 = AI(OH)*+H"* *8=10
Huéng din chim

VL1. (2,0 diém)
a. (1,0 diém)

Xét can bang sau:
(HCaCoO, +CO,,,+H,0= Ca® +2HCO; K=

10—8.35*6,35*-10,33 = 10—4‘37

(2) Ca**+H,0 = CaOH" +H* ‘B=107"2¢

(3) HCO; +H,0 < CO,,,, +OH" K,,=107"¢ (0,25 diém)

(4) HCO; = CO} +H* K,,=10"%%

(5) H,0 =H'+0H" K, =10

- Vi cic hing sb céin bang cia céc can bing (2)-(5) rat nho, khong anh huéng dén d) tan coa
dugec tinh theo can bang (1).

CaCO;. Khi d6, dé tan cua CaCO;
- TUr can bing COxag) = COy) voi Ky = 30,2 va Po, = 3,85. 10* atm.

Ta cé:
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faq)d — T =1L, 470,107 M (0,25

“ S 30,2
diém)
- Goi ) tan CaCO; 14 §.
Xét can bang (1):
CaCO, +CO,,, +H,0 = Ca* + 2HCO; K=10""
(] 1,275.10° S 28

S.(28)? )
=107 = 8=5,14.10"M = [HCO; ] = 25 =1,028.10” M. (0,25 diém)

1,275.10°°

hok Sa ]0—‘,3‘7[C0 ]
q 4

- Khi d6: [H'] = M =1,24.10"**M hay pH = 8,26.
[HCO;]

. Kiép) tra gia thiét: P
+ [H']. [OH] =8.10%% < 1,024.10” (khong so vé6i 1,258.107 vi day 12 [COxag]): bi€u thirc tinh pH

trén la thoa mén.

+ [CO; ] <<[HCO;]

+ [CaOH’] << [Ca®"]

- Viy pH cua nudc bién 1a 8,26.

Néu gidi téng qudt:

[H']+2[Ca’]=[OH"]+[HCO;] (b6 qua thuy phén cia Ca®* va phén li axit cia HCO3)
-5 -6,35

hay 28 =[HCO;]+[OH ]-[H']= 1‘258‘”:1 0, Kh" -h(¥)

(0.25 diém)

Biing cch gin ding trén thu duge 2S = 1,024.10° — h=5,4875.10" = 10°>*M hay pH = 8,26.
b. (1,0 diém)
(i) Tu tinh todn trén, 4 tan cua CaCO; hién nay:  Szo19 = 5,14.10° (mol'L™
Tinh tuong ty, dd tan cia CaCO; nam 1950: S19s0 = 4,80.10™ (mol- L™
Si900 = 4,71.10* (mol'L™") (0,25 diém)

P{ tan cua CaCO; ndm 1900:

- Giai doan 1950-2019:
AS;=3.4.10°M — 86 mol CaCO; tan thém: n = AS.V =3,4.10° .5.10'° = 1,70.10° (mol)
(0,25 diém)

Khéi lrgng CaCO; tan thém: m = 1,7.10%.100 (g) = 170.10%g) = 170 (t4n)
i) Giai dogn 1950-2019, khdi lugng CaCO; tan trung binh la: 3,4.10°.100.10'%/69 = 493
(thn.nam™’ km™). (0,25 diém)

- Giai doan 1900-1950, khbi lugng CaCO; tan trung binh: 9.10°.100.10'4/50 = 18 tAn.nam™ km™.
Viy lugng CaCO; hoa tan trung binh hang nim trong nuéc bién ting gip 2,7 lan trong giai doan tu

1950 dén nay so vai giai doan 1900-1950. (0,25 diém)

V1.2. (2,0 diém)
a. (0,5 diém) Dung dich phén chua blio hoa chira AI™* C*' = 0,1245 M; SOZ C™ = 02490 M:

K'C"=0,1245M.
Gid s khong tao AI(OH); két tia.

- Céc cén bing:

(1) AI" + H,0O = AOH)" +H*  "g#=10"*
(2) SO +H,0 =2 HSO; +OH~ K, =10™"
(3) H,O=H +OH" K =10

Do €y, A K, nén bd qua sy dién li ciia nuée. Chon mire khong 1a A va SO

(0,25 diém)
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. .ﬁ w N
h =[AOH)™* ] -[HSO; 1= C" Brh C Xk
= - , pH = 3,32. .
ch= 4'78'})(.)3.3:% 1%%.3?1{10-‘4.’;)21 0-!0.68.3 = 10—32.99 <K, (0' 25 diém)
ta c: [AP] + [AI(OH)*'] = 10°M.

= 10°% M hay pH = 5,66. (0.25 diém)

Giai phuong trinh du
Kiém tra [AI'"J[OHT] =0, 1245.1 (
b. (1,5 diém) Khi AI’* két tia hoan toan,
h h KD
3+ =]0—6‘ B | ‘6‘.——'—‘—‘;-"=K“')h

Hay [AI”] B+h Brh i
(i) Nudc c6 pH = x ([H'] =10™ = hy), mé nudc chi chira axit ho#ic bazo manh

' K
Néu pH <7 — Cy. ban ddu la C,,, =h, - -
Néu pH >7-> Con ban diu 12 C, , = -’}-fi- h,

o 2.

S

_ Y
Chon mire khdng 13 H' Con (M), AP* C (M), SO4* 2C (M), H;O, trong 46 C= 51000

W

Cac qua trinh cho nhan proton

(1) Al + H,0 = AI(OH)* +H"

(2) AI*+ 3H,0 = Al(OH),+ 3H"

(3) HLO=H +OH" K, = 0™

(4) SO; + H,0 = HSO; + OH" K,=10"

Biéu thirc cho nhén proton

h=C,,+[OH'] +[AI(OH)**]1-[HSO, ]+ 3(C-10"°) (*)

hodic h=(h, - K. )+5-:+1o*7—'5——zc b 3c-10) (0,25 diém)
h' h B+h K, +h
Néu chon mikc khéng la OH Cop (M), AP* C (M), SO 2C (M), H>0 hodc di tix dinh ludt bao toan
dién rich thi cing ra biéu thirc tuong tu
Sap xép lai biéu thuc ta c6:
2h
K +h

a

tai pH = 5,66=h, bo qua sy proton héa cua SO4*, bo qua sy phén li cia nuéc, ta co:

Ky gL o

h, ‘B+h

3C =4,23.10° - (h, -—’EL) )

_ _n-Key i Koy gL o
3 )C = (h="2)=(h, =39+ =5 710

3C =h-(h, -

hodc

2y - . K '
3— = =423.10°-(10"" - —* PN
9,48.10° ( 10-:) (0,25 diém)

Véi x = 6.5 hay hy = 10, thay vao biéu thirc (**) tinh duge C = 1,315.10° M va y= 0,6233 g.

Khéi lugng phén chua cén cho vao 3 m’ nuéc 14 1,87 g (0,25 diém)
(ii) Vi luong két tua bong keo la 15,6 mg'm™ nudc va tdng lwgng AI** con lai trong dung dich 13

10* M thi téng luong AI** la:

15,6
C=10" + ————=1,2.10"° .2
1000.78.1000 M (0,25 diem)
thay véo biéu thire (**) dugc h, = 6,46.10”; pH = 6,19 (0,25 diém)

HET
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