BQ GIAO DUC VA PAO TAO KY THI CHON POI TUYEN OLYMPIC NAM 2019
HUGNG DAN CHAM PE THI CHINH THUC
Hudng ddn chdm gém 17 trang Mén: HOA HQC
Ngay thi thiy nhét: 29/3/2019

Cho: H=1,0; C=12,0; N =14,0; O = 16,0; Na=23,0; P=31,0; C1=35,5; K = 39,0; Ca = 40,0,
Mn = 55,0, 7=3,1416; 7= 6,626.10* Is; €, = 1,602.10™ C; mo =9,1.10® kg; R = 8,3145 J.mol " K"
Np=6,022.10% mol'; F= 96490 C.mol™; ¢ =2,9979.10° m:s™; 1 bar=10° Pa; 1 A=10"m; TK)=1(C)+273.

Cau I (3,0 diém)
Géc allyl CHy=CH-CH," (viét gon C3Hs") 1a mot gbc tr do hoat dong héa hoc, c6 thd duoc tao thanh
tir phén tmg quang phan hiy allyl bromide CH,=CH~CH,—Br & buéc song A =193 nm.
L. Khi dugc tao thanh trong bau khi quyén, C3Hs® thudng phan ting ngay v6i chét khéc, chéng han nhu
NO (mét tac nhén géy mura axit). Phan tmg niy duge nghién ctru nhidu trong héa hoc khi quyén.

St dung cong thirc Lewis va thuyét lién két hoa tri (VB) dé vibt cong thirc chu tao san phdm cdng
gifta CsHs® va NO. Giai thich.
2. Theo phuong phép orbital phén ti lai héa (HMO) xét cho Lign két A-B, cip orbital nguyén tir (AO thun
khiét hoiic lai hoa) ciia A va B s& fiwong téc véi nhau tao thanh cip.HMO lién két 6, _g va phanlién két o5 _p.
a) Gidi thich co s¢ ctia phan tng quang phan hity CHy=CH~-CH,—Br theo thuyét HMO.
b) Biét ning luong lién két C—Br 13 E, = 285,0 kJ.mol"\. Giai thich vi sao lai cAn photon ¢6 ning
luong &193nm (16n hon Ey) cho su phén cét lién két C—Br. Tim bidu thirc lién hé gitta &93yy, VOi By va
bién thién néng lugng ctia phan tmg quang phén hiy AE. Bo qua cic dang ning lugng khic (ning
lwong dao dong, ning lwong quay,...) c6 thé xudt hién trong qud trinh nay.
3. Céc két qua ctia md hinh hat chuyén dong tw do trong hop thé mot chidu duogc st dung cho céc
nﬁhién ctu vé cu triic electron ctia phén ti:

2
E, =n? h 5 véin=123,. w,(x)= g—sh(ﬂxj véi 0<x<L.
8m, L L L

¥y (*) 1 cdc ham orbital phén tir (MO, theo md hinh hat trong hop thé mét chidu) c6 mic ning lwong
teong tmg E,.
Biét ring: Binh phuong ham MO, D, (x)= g//,% (x), duge goi 14 ham mét do x4c sudt cho bibt sy phan
bd cia electron trong khoéng 0 < x < L; Xdc sudt c6 mit cia electron tai mot diém ti 16 véi gia tri ciia
ham mét d6 x4c sudt tai didm d6. -
a) Néu electron chuyén dong tir do trén mach carbon thi 6 thé tinh d6 rong hop thé L = ( N+ 1) de_c, Vi
N 12 tng sb lién két C~C trong mach va dp ¢ =1,4 A 13 d6 dai trung binh lién két C—C.

Tinh téng néng lrong electron 7 ciia mot gbc CsHs® (theo don vi J). Ning lugng nay c6 bao gbm thé
niing twong tic ddy giita cac electron 7 véi nhau hay khong? Giai thich. ;
b) Str dung ham mét @6 x4c sudt, xéc dinh céc vi trf trén gbe CsH;® (trén nguyén tir ndo, gitta 2 nguyén
tlr ndo) ma xéc suit o6 mit cla céc electron © thudc ¥ va i, 14 16n nhét. Tir d6 hay giai thich su giai
tda electron  trong gbc C3Hs". |
Hwéng din chim :
1. Cong thirc Lewis ciia NO cho théy c6 mét electron doc than trén nguyén tir N:
O=N:

: - (1/4 diém)

Theo thuyét VB, lién két dugc hinh thanh béi sw ghép d6i hai electron dde than ciia NO va CsHs".
Tlr 46 d doan sén phim phén tmg cng 0=N-CH,~CH=CH,. 7
(1/4 diém)
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2. a) Khi hép thu photon, mét electron lién két trong HMO 0¢_g, s& chuyén 1én HMO O¢_pr nén bic
lién két Ny, = %(1 ~1)= 0, dAn t6i su cét dut lién két C-Br.

(2/4 diém)
b) Sau khi nhén néng lugng cta photon £193nm = he/A = 619,8 kI.mol™, ¢6 thé coi hé Iic nay gdm
CHz—CH—CHg va Br® véi khoang cach rat gin (nhu trong CHz—CH—CH2~—Br ban d4u) nén tuorng tac
day gifta hai gbc tu do nay 14 rét 16n, sau d6 hai gbc ndy tach xa nhau ra (twong tic diy giita ching
bang 0) nén s& giai phoéng ning lugng mét ning luong AE.
Theo dinh ludt bao toan ning luong: &193nm = By, + | AE l .

(2/4 diém)
3.a)
" (6,626.107)? 19
L=2+1)1,4=4.2AE = = 2 = 3,42.107 (J).
@+1) ° 8mI* 89,1.107.(4,2.107°) (7)
— HE c6 ba electron mt:
+2e & 1P v6i néng luong mdt electron twong tmg E; = 12E,=3,42.107 (7).
+ le & 1, v6i ning lugng mét electron tuong ting E, = 22E,=13,68.107° (J).
Vay tdng ning luong ba electron = 1a: 2E; + E,=20,52.107" J.
(2/4 diém)

Néng luong nay khong bao gbm thé ning tuong tac dAy gita céc electron vi ap dung md hinh hat
chuyen dong tir do, nghia 13 khong c6 bat ki thé ning tuong tac nao. ]
(1/4 diem)

b) Céc vi tri ma xéc suft ¢ mit cta cdc electron 7t 13 16n nhat:

+ Hai electron © dau tién thude MO y, (x)=\/% sin(—%x),hém mit d0 x4c suit twong tng 1a
D,(x) =%sin2 (%x) Cuc dai him nay (khi ham s6 sin 16n nhét bing 1) tuong tng v6i x4c sudt c6
mit electron 7 16n nhét tai x = —g—, chinh 12 vi tri ctia nguyén tir C & giita.

(1/4 diém)
+ Electron m thi ba thudc MO y,(x)= \/% sin(%x),hém mét d§ xic sudt twong Gmg 14

D, ()= %sinz (gg—x) Cuc dai ham nay (khi ham sé sin 16n nhét bing 1) trong tng v6i xé4c suét c6

i . L . PR ,\ <1 1A
mit electron 7t 16n nhét tai x=—4—1— va x=§;f—; 12 hai vi tri ndm trén hai lién két C—C.

(1/4 diém)
Két qua MO nay giai thich duoc su gii toa electron 7t (hé C5Hs® 13 hé lién hop) do ba electron = duogc
phan bd trén ca mach carbon.

(1/4 diém)

Cau Il (2,5 diém)

1. Trong dung dich nudc, este ethyl 2-aminoacetate c6 thé ton tai ddng thoi & hai dang Dang trung hoa
NH,;CH,COOCH,CHj; (E) va dang proton hoa NITCHZCOOCHZCH3 (HE") ndm can bang véi nhau

theo phuong trinh: E + H,O ——]fL—> HE" + OH" pK=6,3 (D

Trong méi trudng kiém, hai dang nay deu bj thity phén theo 2 phan tmg so cip sau:
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E + OH —% 5 sinphim )

HE" + OH —% 5 sin phim ©
Thyc nghiém cho biét phan tng thiy phan ethyl 2- ammoacetate trong méi trudng kiém & pH khong
dbi c6 bac 1 v6i este va bac 1 véi OH .
a) Hay thiét lap bidu thire tinh hang so tbe do k toan phén ctia phén 1 ting thiy phén este trong dung dich
kiém. Tir bidu thirc nhén duge, d& xuit phuong phé ap thuc nghlem & x4c dinh k., va ks.
b) Khi c6 mit ctia mot ion kim loai chuyén tiép M (d6ng vai trd chét xuc tac) s& xuét hién thém mot
phén ting thiy phén (4), day cling 13 phan tg so cip:

E +OH +M* ———> M* + sin phim “)

Thiét lép bleu thire tinh hing sb tbc do k toan phén cta phén {mg thily phén este trong trudng hop
ndy va dé xuat phuong phép thye nghiém & xéc dinh k,.
2. Hang s6 tbc d6 tinh theo thuyét va cham c6 biéu thic: & = = p.Zf Trong d: p goi 12 hé sb ciu trac
tinh, ké dén huéng gitta céc phan tir ma va cham glua ching 14 hiéu qué (xay ra phan tmg); Z goi la tAn
sb va cham (sb va cham trong mot don vi th0'1 gian, tai mot don vi ndng &9 céc chit phan tmg & mot
nhiét 6 x4c dinh); f = e Fa/RT_ goi 13 hé sb ning luong, ké t6i mic do déng gbp cuia nhiing va cham
ma néng lugng (d6ng nang) cla nhung phén tl nay 16n hon hozc bing ndng lwong hoat héa E,.
a) Nhitng dai lugng nao (trong s0 p, Z, f) thay dbi khi nhiét d6 thay d4i? Chidu huéng thay dbi (ting
hay gidm) theo nhiét d9 nhw thé nao? Giai thich.
b) Cho phén tmg CO +NO, — C0O, +NO

Pé 1am ting tbc do phan tmg, ngodi viéc thay dbi yéu t6 nhiét do, con c6 thé thay d6i nhimng yéu tb
nao khac? Giai thich.

¢) Néng lwong dao dong ctia phan tir v6i tan sb dao dong v (s™") duge tinh theo biéu thirc E, = (n+—2—)hv

véin=0,1,2,... goi 1 sb luong tir dao ddng. Phan tir CO c6 sb song dao ddng y=Y 2213 cm™.
c

i) Khi mdt phén tir & trang thai co ban hap thu mdt photon c6 sb song thich hop, sb luong tir dao
déng s& chuyén tir n = 0 18n trang thai ¢6 sb Iwgng ti 7 16m hon. X4c dinh sb séng cta photon cho buée
chuyén trang thai dao dong tr n=01énn=1 cia phén tir CO.

ii) Phén tmg CO + NO, — €O, + NO trong pha khi 6 néng hugng hoat hoa E, = 134 kJ.mol”". -
Ning luong cung cp d& phén v Ung xay ra tir dén hong ngoai (loai dén phét ra cac photon ¢ thn sb thap
trong mot khoéng rong). Hay x4c dinh theo li thuyét mot bude séng héng ngoai (theo nm) @& phan tng
" chéc chin L X4y 1a.

Hwéng din chim

1. a) Tt thue nghiém: ——C{L@T— = k[E],[OH"] trong d6 [E]7 - ndng do este tai thoi diém .

[E]lr=[E] + [HE™, véi [E] va [HE'] 12 ndng d6 E va HE' tai thdi didm ¢,
Gia thiét (1) 13 qu4 trinh nhanh va (2), (3) 1a cac qua trinh chim:

_d[E], _

= [E][OH" |+ & [HE*][OH"]= { ]+k[ ]} . [OH" |

Theo (1): [HE*]:{-E% do 6 ——L?[—j—]f-={k2 [[EE]]T +k, K[OH ]} [OH ]

ViK=ly/ky= 5,01.107 rit nho nén c6 thé coi [E]~[E], va [HE] ) [O[Ii:]]

vae. _AIEL ] [E], K|[E],
Tir d6: -7_{k2[E]T+k3[E]T[ ]} [OH] {k +k[ ]} J,[oH]
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Vi phén tmg dugc thue hién & pH = const (nén [OH ] ciing 13 hang sb), nén co ché d xuét trén phu
hop véi thue nghiém va do dé: k=k, +k, K
o)
Ghi chii: Néu hoc sinh tinh cd cdn béng (1):
~EL_p (6]t [0 TR Tt Y 0 T 1 115+ 0

(2/4 diém)

va khong tinh dén lieong este ton tai & dang HE va ra dugc két qua k ding thi cho % s6 diém.

Thye nghiém xac dinh £ & cac pH khéc nhau, v& sy phu thude ctia kvao 1/[OH]. Piém cét truc
tung tai hoanh d¢ bing 0 chinh la k; va h¢ 56 goc 1a K ks. Biét K nén x4c dinh dwgc ks. (C6 thé gidi
bdng phwong phdp dai 56, I6p hé phiong trinh 2 dn).

b) —f%ll=k2 [E][OH" ]+ & [HE" |[OH" |+£, [E][OH™ ][ M* ]
d[E], _ {k2 8], BT, e [El} }[or]

[El. ~ [E] [E],

d[E]T — K T2+ —
—= _{k2+k3 [OH_:+k4[M ]}[E]T[OH]
= k=k2+k3[OK ]+k[M“] *

Do d3 biét X, trong khi k, va k3 da xac dinh dwoc & trén nén tién hanh thuc nghlem (& mot pH cb
dinh) @& xé4c dinh & tai céc ndng @6 M>* khac nhau. V& sy phu thudc ctia & vao M +] thu dugc mot
ducmg théng véi hé sb goc 1a k,. Hodc cling c6 thé giai phuong trinh (*) tim k, & mdi cip diém (%,
[M*), sau d6 14y trung binh cdng céc gia tri k, tim duoc.

(2/4 diém)

2. a) — Céc dai luong Z, f bi anh hudng boi nhiét do. Dai luong p chi phu thuoc vao hudng khong gian
+ giita cac phan tu ¢ trang théi tinh nén khong anh hudng béi nhiét 4o ‘ -

~ Véi Z: Tén sb va cham ting 1én khi nhiét @ ting do chuyén déng Brown; f=e%™13 ham coa
nhi¢t d0, gid tri clia né ting theo nhiét do.

(1/4 diém)
b) — Téng néng 9 chat phan tmg CO, NO; — téng tan s0 va cham Z.
—Lam giam E, béi viéc sir dung thém chat xvic tac thich hop. ]
(1/4 diém)
¢) i)
Bo=(0+ 1) ho =2k
0= TS v = ) v
B=(1+ 1) ho=oh
= 5 ) hv = 2 v

Véy néng lugng clia photon cin cung cip 13 AE = -—hv - hv = hv. Néng luong cta photon 4nh sing

e=hf (véifla tAn s6 4nh sang). Nhu vay khi tAn so dao dong phan tir bang tAn sb anh sang thi xay ra
sw hép thu 4nh séng. Vay sb song ctia photon thich hop 12 2213 cm™

(2/4 dzem)
ii) Dé phén tng chic chin xay ra, niing lugng cin cung cAp it nhét 1a 134 kJ/mol. Khi phén tir hip thu
photon héng ngoai, ning lwong ctia phén tir € ting 1én 12 AE do sy chuyen trang thdi dao dcng 1én

mitic cao hon. Do khong c6 thong tin vé tdn s ctia NO, nén néng lugng cin cung cép s& dugc gia thit
tinh théng qua CO.

- E(n=0->n=1)=hv=hvc=(6,626.10"1s).(22130m™).(3.10" cm.5)
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= 4,4.10° J/phan tir = 26,49 kJ/mol. Chua dt ning lu:orng Vuort qua hang rao ning lugng.

~ AE(n=0->n=x) =x(hv) Z E;. T d c6 x> -87:5 = 5,06. Viy budc chuyén dao dong tir

n =0 - n = 6 trong phén tir CO s& cung cip du néng lugng vuot qua rio nang luong.
AE(n=0-n=6) = 6.(4,4.1072%) = h¢/1 — 1 =753 nm.

(2/4 diém)
Ghi cha: '
— Hoc sinh cé the tinh néng lugng cin cung cép = 2E, van cho du diém.
— Trong thue té, x4c suft cac bude chuyén khic (n = 0 -» n = 1) s& nhs, tuy nhién vén c6 thé xay ra.

Cau Il (2,5 diém)
Khi gas dén dung c6 thanh phin chinh 13 butan va propan, duge ding lam nhién liéu cho thiét bj 1o
sudi. Khi gas X chi gom CsHg va C4Hjo véiti 1€ s6 mol 1:1.
1. Tinh nhiét lugng tda ra khi d6t chiy hoan toan 1,0 kg khi gas X & 25°C va 1,0 bar. Gia thiét nudc
sinh ra & thé khi.
2. Mot buong bt duoc nap 2,0 mol X va 100,0 mol khong khi. Dot chdy hoan toan X & 25°C va 1,0 bar.
Toan bd hdn hop thu duoc sau phan 1 ng goi 1a hén hop Y, 4p sudt cia Y ludn dwoc duy ti & 1,0 bar.
a) Tinh nhiét d6 cta hon hop Y. Biét ring toan bd luong nhiét cua phan tmg chdy toa ra chi dé lam
néng hén hO’p Y.
b) Toan bd hdn hop Y duge din qua thiét bi trao ddi nhiét chira nuée long & 10°C. G d6, nuée long
nhén nhiét tir Y nén dugce 1am néng tir 10°C 16n 40°C.

i) Tinh khéi luong nuée léng dugc 1am néng. Biét ring sau khi di qua thit bi trao ddi nhiét, nhiét
d6 ctia hdn hop Y 12 110°C.

if) Khi nhiét 49 ctia hdn hop Y giam xubng t6i mot nhiét dd nao d6 thi mot phan hoi nuéce trong hén
hop Y s& bi ngung ty. Tinh nhiét 4 ma tai d6 hoi nuéc trong hdn hop Y bit diu ngung ty.

iii) Trong trudng hop nhiét d6 cla hén hop Y con lai sau khi di qua thiét b trao dbi nhiét 1a 40°C,
&p suét vAn 13 1 bar; Tinh khéi Iwong nuée trong hdn hop Y bi ngung tu va khéi Iugng nuée 1ong trong
thiét bi trao dbi nhiét duoc 1am néng.

Gid thiét:

- Sy thét thoat nhiét khong déng ké;

- Hon hop Y chi trao dbi nhiét v6i nuée Iong trong thiét bi trao 81 nhlet
- Nuée 16ng duge 1am néng bay hoi khong déng ké;

- Oxi chiém 20% thé tich khong khi, con lai 12 nito;

- Céc chét khi 13 khi 1i tudng;
- Gid tri nhiét dung déng 4p khong phu thuoc vao nhiét do.
Cho biét:
(23 1964 — —w—)
- Ap suéit hoi bdo hoa ctia H,O: Ps o(Pa) =¢ ("0 +227,02),

- Nhiét héa hoi ciia nude & 40°C la: (AVH33)ky0,, = 43,3 Kl.mol™;
- Diu kién chufn: 25°C va 1,0 bar.

Chat Nhiét tao thanh chuin Nhiét dung dzng 4p
| A Hj, (kJ.mol™) Cp(J K .mol™)
CoHial) 1047 .
CaHo() 1125.6 .
0,(k) 0 29,4
No(k) 0 29,1
COy (k) -393,5 37,1
RO 241.8 37.5
H>O() -285,8 75,2
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Hwéng din chim
1. Xét c4c phéan tmg:
C3H3(k) + 50, —> 3CO, + 4H,0 ( 1)
C4I‘Im(k) + 6,502 —> 4C02 + 5H20 (2)
Ta co:
(AH;%)(D = 3'(AfH;98)COZ(k) + 4'(AfH;98)H20(k) - (Anggs)cJHw)
=3.(-393,5) + 4.(-241,8) — (-104,7) = —2043,0 (kJ.mol'l).
(AHgéx)(z) =4.(AH, 098)002 o 5.(AH 098)H20(,_ - (AH. 098)C4me
= 4.(-393,5) + 5.(—241,8) — (-125,6) = —2657,4 (kJ. mol” )

Trong 1 kg X cb:
e = 1000 1000 o).
CHg CsHyo 102 ] ‘ ,,
Do véy, nhiét lugng téa ra khi d6t chdy 1 kg X trong diéu kién chuén 1a:
1000

0= —(2043 0 + 2657,4) = 46082,4 (kJ).
(2/4 diém)

2. a) Gia sir nhiét d ctia hdn hop thu dwge sau phan tng > 100°C, khi d6 H,O & thé khi.
n(02) =20 mol, n(N3) = 80 mol.
Vi trong X, ti 16 mol C3Hg : C4H;o = 1:1 nén ta ¢6 so dd sau:

CsHag + Colliom + 11,50, AH,  7C0u + 9H,0 4y +[8,50, + 80Ny]

(") A0 ) 2(8)
+18,50,p +80Nyp] (1 bar, 298 K)
(1 bar, 298 K)
Q=AH°=0 AH,

7coz(k) +9H,0 gy +[8,50,, + SONZ@]
(1 bar, TK)

= AH= AH +AH =0
A (AH§98)(1) + (AHZOQS)(Z) +T —298)[7(C,)co Lu T+ 9C om0 855(Cp)02(k) + 8O(Cp)Nz(k)] =0
(AH38)) + (AH ) )

(T =298)[7(C,)co,4y + AC,)u, 0y + 8,5(C, do, F 80(C, )y, 1]
(-2043,0-2657,4).1000
7.37,1 +9.37,5+ 8,5.29,4 +80.29,1

=1>100°C. Gia sir 13 diing.

< T =298~

= T =298 =1778,4 (K)= 1505,4(°C).

(2/4 diém)

b) i) Goi m 12 luong nuéc 16ng trong thiét bi trao ddi nhiét dwoc 1am nong. Vi chi ¢6 nudce 1éng nhin
nhiét tir hdn hop Ynén: @, +Gaop = O

Ta co:

m
(1778,4-383)[7(C, oo,y + NCyu, o) + 855 (Cylo,y + 80(C, Iny] = (313-283) 18 (Codu,o0

< (1778,4-383)[7.37,1 +9.37,5+ 8,5.29,4 +80.29,1]=(313——283){%75,2

= m =35,350.10° (gam) = 35,350 (kg).
(2/4 diém)
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ii) Ap sut riéng phén ctia hoi nuéc trong hdn hop Y 14 :
Prow = "Zi"’ P= 1015 10° = 8612,4 (Pa).
Hoi nude bit diu ngung tukhi B, o) = B,
3816,44
1(°C) + 227,02
_ 3816,44
23,1964 —In(8612,4)
Viy hoi nuéce bit diu ngung tu & 42,97°C.

exp(23,1964 —

) = 8612,4

~227,02 =42,97 (°C).

(2/4 diém)
iii) Tai 40°C, 4p sut hoi bio hoa cia hoi nuée 1a;
3816,44
P =exp(23,1964 - ———""__)= 7359,06 (Pa).
o =eXp( 40+ 227,00 *a)
Mat khéc:
Py,0¢
R H,0(k) = e P

Yo, @y T Po,a P, ) F Pryow .
= Tyop = B ot (ncoz(k) +1o 4y + Py, ay) _ 7359, (26.(7 +8,5+80)
2 P=PByow 10° -7359,06
Vay lu’,qng hoi nu6e d& bi ngung tu 14 (9,000 — 7,586) = 1,414 (mol).
— Khoi Ivgng nurée bi ngung tu 1a: 1,414.18 = 25,452 (gam).
Goi m’ 12 khéi lugng nuéc long dwge 1am néng tir 10°C 18n dén 40°C. Ta co:
(1778,4-313)[7(C,)co, iy + NC,)u,009 + 8,5(C,)0, 4y + 80(C, Il + L 414.(AVH3°13)H20(0

=7,586 (mol).

m 1
= (313-283) 18 Golmon
. (1778,4=313)[7(C,)co,ay + HCylr 0 +85(C, Do, + 80(Cy )y, ] + LA14(A HE, du,0,,
. (313-283).(C,)y, o0

_1g (1778,4-313)(7.37,1 + 9.37,5+ 8,5.29, 4+ 80.29,1) + 1,414.43,3.10°
' (313-283).75,2

=37,612.10° (gam) = 37,612 (kg).

o m'=1

. | (2/4 diém)
Chu y: Néu hoc sinh coi toan bp 1,414 (mol) hoi mude trong Y bi ngung tu 6 42,97°C nhung st dung
' gid tri nhiét héa hoi cia meée & 40°C thi cho % s6 diém.

CaulV (2,5 diém) ] N
Khi c6 mat chat xiic tc quang thich hop (thudng 1a chat ban dan hodc cum nguyén tir (cluster) kim
loai) va dugce chi€u dnh sing c6 bude song thich hop thi nuée bi phan hity theo phéan Gng sau:

H,O "_“)@(‘ H, + %Oz E

1. P& xuét co ché cho phén tmg quang phén hily nude c6 st dung HOMO (orbital — LUMo
phan tir bi chiém c6 mitc ning lrong cao nhét) va LUMO (orbital phén tir khong
bi chiém ¢ mtc ning hrgng thip nhit) ciia chit xtc tic quang. Biét ring ban du
mdt electron ciia HOMO hip thu photon chuyén 1én LUMO. — HOMO

2. Hinh bén la gian d6 ning lwong ¢6 sin mitc ning lugng HOMO va LUMO cia
mdt chat xiic tac quang phén hiy nuée.
O diéu kién chuan, mic ning ctia electron trong cc ban phan tng (1) va (2)
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twong tmg 1a £y va E,.
2H" + 2¢ —— H, €y
2H,0 —— Oy + 4H +4e )
Hay bidu dién vi trf trong dbi cia E; va E, trén gi4n db niing luong. Giai thich.
3. Khoang cach ning luong gitta HOMO va LUMO dugc ki hiéu 14 E,. Cho biét vét liéu xuc tic quang phai ¢6
E; 61 thidu 13 bao nhiéu (theo €V)) d& c6 thé xtc téc cho qué trinh quang phan hiy nuée & didu kién chuén?

Cho biét: E° = 0,00V; E° = +],23 V.

0, HY/H,0
4. Vat 1liéu nano k1m loai ¢6 thé & dang cluster hoic nanowire (d4y nano). Hinh duéi day mo ta day
nano niken ¢6 5 nguyén tir N1 k1 hi¢u 1a Nis.

Day nano Ni;

Trong thuc te cluster niken da dugc sir dung lam xtc téc cho phan tng quang phén hity nuéc
nhu’ng hiéu suét con thip. Céc tinh toan li thuyét dugc thue hién @ tim hidu xem vt liéu day nano
niken ¢6 kha néng lam xtc tic v6i higu suét cao hon hay khong. Két qua tinh mitc nang lugng HOMO
va LUMO ciia mbt s6 day nano niken duoc dua ra trong bang sau:

N11 le N13 Ni4 Nis
HOMO (eV) -4,88 -3,35 -4,33 -5,44 -4,70
LUMO (eV) 3,24 2,26 -3,34 4,32 -3,77

Hay cho biét cac v4t lidu ddy nano niken dua ra trong bang trén c6 thé ding 1am vat liéu xic tic cho
phan Umg quang phén hily nuée duge hay khong? Giai thich. Tr 46 dua ra dy doan kha ning sir dyng
vat lidu diy nano niken véi kich thuéc dai hon (s6 nguyén tir Ni 16n hon) cho phén tmg quang phén
hity mrée & didu kién chudn.

Hwéng din chim
1. Khi duge chiéu sang voi ning lufcmg thich hop, electron & HOMO (H) tir mitc ning lwong thip (Ey
eV) duoc chuyén 1én LUMO (L) v&i mirc néng lirgng cao hon (£, €V).

et + by — &
Ki higu /" va I” twong tmg 14 HOMO va LUMO sau qua trinh dich chuyen electron.
O xay ra céc qua trinh: ,
2x o — ¢ (1)
2H" +2¢° —— H, 2)
” 2H" +2¢8 — H, 3)
O K" x4y ra céc qué trinh:
4x H0 — H + OH “)
40H" — 0p + 2H,0 +4e ®)
4x  g° e eH (6)
2H,0 — O+ 4H" +4fF (D)
(2/4 diém)
2. Vi tri tuong dbi cta E; va E, trén gian dd ning luong:
AE
== LUMO
e K]
e 2
—= HOMO
(1/4 diém)
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Gidi thich: Sau khi nhén photon, electron chuyén tir HOMO 1én LUMO nén 11'1p ndy ¢6 HOMO",

LUMO’ (luu ¥ cdc mitc ning hrgng ciia MO 13 khong dbi trong qué trinh dich chuyén electron).

- Bén phén tmg (1) x4y ra khi electron tir LUMO" chuyén vao H': Qu4 trinh nay chi dién ra thusn loi

khi mirc nang lugng clia electron trong LUMO™ cao hon mttc ning lugng ctia electron trong (1).

- Bén phén tmg (2) xay ra khi electron tir OH™ chuyén vao HOMO*: Qua trinh ndy chi dién ra thuén loi

khi mirc ndng lugng ciia electron trong (2) cao hon miic ning lugng cia electron trong HOMO*, )
- (1/4 diém)

35. Tq co Eg= ELq—-- Ey.
O diéu kién chuén :
1

HO0 —> H, + 502 AG® =-2F.AE* = -2F.(E},. —E ) (kJ.mol™).

M, 0, HY/H,0
Gia trj AG® trén 12 ning lugng cén thiét cung cip @& phan hiy 1 mol H,0, Ging véi trao d6i 2 mol e. Ning
lwong tinh cho qué trinh trao dbi 1 e 1a : :
0 [} 0
_ —2.F.( ~-E ) —2e,.N,( i, ~-E

2H 1, 0,.H'/H,0

: )
AG® = T = e S HTO” 1,23 (eV).
YA YA
Dé xay ra phan tmg quang phan nudc thi:
E;=E;—Ey> 123 V.

(2/4 diém)
4. Khoang céch néng luong HOMO-LUMO twong ting ciia Ni:
Ni Ni, Nij Niy Nis
HOMO (eV) -4,88 -3,35 —4,33 5,44 —4,70
LUMO (eV) 3,24 2,26 . -3,34 —4,32 -3,77
E, (V) 1,64 1,29 0,99 1,12 0,93

Trudng hop Nis, Niys va Nis déu c6 E, < 1,230 eV nén khong xtc tac dugc cho phéan Umg quang phén
hiy nuée.
Véi trudng hop Ni va Ni, thi E; > 1,230 eV théa mén diéu kién v& khoang céch néng lugng nhung vi

B, <0=E, . néncing khong ding dugc cho phan tng quang phén hity nudc. o

Tir gid tri E tinh dugc trong bang trén, ta thiy Eg 06 xu huéng gidm dan (xét riéng hai day day niken
v6i s6 18 va sb chén nguyén tir niken) khi d9 dai ctia ddy nano Ni ting. Do vay khong thé st dung vét
li€u Ni nano wire véi kich thude dai hon cho phan tmg quang phén hity nuée.

(2/4 diém)

Cau 'V (3,5 diém) | -
Xenon (Xe) thugc nhém khi tro, tuy nhién nhidu hop chit ctia né da duoc tdng hop. Cac xenon florua
duge tong hop ddu tién va 1a chét dau dé tdng hop ra hiu hét céc hop chét khéc cua Xe.

a) Cho biét va gi4i thich tinh oxi héa — khir ctia Xe khi tham gia phan tng hod hoc.

b) XeF, dugc diéu ché tir phan tmg ctia Xe v6i F, thuong bj 14n XeF, va XeFs. Dé tinh ché XeF, ngudi
ta cho hdn hop gdm XeF,, XeF, va XeF; tic dung vé6i lwong du AsFs trong BrFs long. Sau d6, cho
XeF, thing hoa duéi 4p suit thip dé tach khoi hdn hop. Viét c4c phuong trinh phan Ging xay ra.

¢) Viét phuong trinh phan tng thuj phén hoan toan XeF,; va XeF. Biét ring ca hai phan tmg d&u sinh
ra XeOjs; Phan tmg ctia XeF, sinh ra thém mot san phém khi khong mau.

d) Giai thich tai sao nhiét 6 nong chay ctia XeF, (117,1°C) cao hon nhidu so véi XeFg (49,5°C).

2. Mnl, phén tng véi Mg trong dung méi THF va khi quyén CO & &p sudt cao, thu duogc chét long
khong mau A1. Cho Al phan tmg v6i Na thu dugc chét rén mau vang A2. Cho A2 phan tmg véi nude,
thu dugc chat 1ong A3 khoéng mau va dung dich A4 c6 tinh kidm manh; biét ring phan ung nay khéng
sinh ra chat khi. Mt khac, suc khi NO vao dung dich Al trong benzene, dung dich chuyén sang mau
dé. Lam bay hoi benzene, thu dugc hai hop chit A5 va AS.

a) Xac dinh cong thitc cic chit A1, A2, A3, Ad, A5, A6 va viét cac phwong trinh phén tmg. Biét ring
A5, A6 1 phitc chét don nhan; A6 c6 khéi luong phan tit nho hon AS.
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b) Cho A6 phan tng véi dung dich KCN dc, thu dugc phiic chét khan A7 nghich tir. Ham lugng
nguyén t6 K, Mn, C, N trong A7 1dn huot 13 31,84%, 22,45%, 9,80%, 22,86% theo khi luong. Xéc dinh
cdng thirc ctia A7 va v& mdt clu tric cia né.

3. Hop chét X mau d6 va Y mau xanh 13 hai phitc chét bat dién, dwoc phan I4p tix hn hop phéan tmg
ctia KMnO, v6i dung dich ddm diic gdm H,C,04 va K,C,0,. Qui trinh sau dimg d& phan tich thanh
phén hoéa hoc ciia X (cling nhu clia Y): Cén 1,00 gam phiic chit, 1am kho cén than trén P,0s, thu duogce
m gam chét rin khan. Hoa tan toan bd hrong chit rin khan vao dung dich H,SO4 20% (du), thu duoc
V1 (mL) khi khong mau Z (diéu kién tiéu chudn). Chia dung dich sau phan tng thanh hai phin bing
nhau. Phén 1 dem chudn d6 bing KMnOy 0,05 M thi ding vira di ¥ (mL). Chuin d6 phan 2 (trong
diéu kién thich hop) bing dung dich EDTA 0,05 M thi ding hét ¥; (mL). Céc két qua thi nghiém twrong
tng voi X va 'Y dugce dua ra trong bang sau:

m (gam) V1 (mL) V3 (mL) Vs (mlL)
X 0,890 45,70 20,41 20,40
Y 0,900 124,10 11,08 27,70

. Xéc dinh cong thirc cac chit X, Y va v& cu tric cia ching. Viét cic phuong trinh phén tmg xay ra.
Bict rang gian d6 phén tich nhiét ctia X va Y cho biét chiing khong chira nuée phai tri (cdu ndi phirc
khong c6 nuéce).

Huwéng din chim

1. a) Khi tham gia phan tng hod hoc, Xe chi thé hién tinh khir do c4u hinh electron 16p ngoai cling cta
no6 da bdo hoa e, chi c6 thé nhwdng chir khong nhén e.

(1/4 diém)
b) Céc phuong trinh phan tmg:
XeF; + AsFs - [XeFT'[AsFq]
(hoic [XeF3] [AsFe] hotic [XeF]' [As:F1])
XeFg+ AsFs - -> [XCF5]+[ASF6T
(1/4 diém)
¢) Cac phuong trinh thuy phan hoan hoan:
6XeF; + 12H,0 - 4XeO; +2Xe + 24HF
XeFs+3H,0 = — XeO; + 6HF o :
(1/4 diém)

d) Do trong XeF, cic anion F~ tao thanh mot 16p dién tich &m bao quanh nguyén tir Xe trung tdm, d4n
dén céc phan tir XeFg ddy nhau va 1am yéu lién két lién phan tir va din t6i giam nhiét d6 néng chay.

, (1/4 diém)
2. a) Cac hop chat Al — A6 déu 14 céc phirc chit cacbonyl nén st dung qui téc 18e dé bién lusn cOng
thirc ctia chiing. Phitc chét A1, A3, AS, A6 13 phirc chét trung hoa. Hoc sinh khong cn bién lusn ma
viét lubn cong thirc clia cc chit vin cho di diém.
Vi€t phuong trinh héa hoc clia cdc phan ting xay ra:

1- 2Mnl, +2Mg + 10CO —  [MnCOy] (A1) + Mgl

2- [MnyCOy] +2Na —  2Na[MnCOs] (A2)

3- Na[MnCOs] +H,0 —  [Mn(CO)sH] (A3) + NaOH (Ad)
4- [MnyCOy] +2NO —  2[Mn(CO)MNO)] (A5) + 2CO

5- [MnCOy]  +3NO —  2[Mn(CO)NO);] (A6) + 8CO

(3/4 diém)

b) Do A7 khéng chita nuéc, nén phéi tir trong ciu ndi dyr doan 14 CO, CN hogc NO. Dy do4n nguyén
t0 con lai 1a O, chiém 13,05%. Tir ham hrong c4c nguyén t6 ta c6:

K:Mn:C:N:0o3l84 2245 980 2286 13,05

: : : =2:1:2:4:2.
39 55 12 14 16 2
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Két qua ndy tng v6i cong thirc Ko[Mn(CN),(NO),], néu coi NO la phéi tir trung hoa thi s6 oxi héa ctia
Mn =0, tong s0 electron 1a: 7 + 2.2 + 2.3 = 17(electron) (thiéu 1 electron va thuén tir). Do v4y, phan tir

can tgo thém lién két Mn-Mn @& c6 di 18 e va thoa mén tinh chit nghich tir. Viy chit A7 la:

K4[(NO)2(CN),Mn-Mn(CN),(NO),]. .
(3/8 didm)

Do [(NO),(CN);Mn-Mn(CN),(NO),]* déing dién tir v6i [Co,COs], chu tric ctia né c6 thé 1a:

NC, iCN TO NC cn NO NC. 8 /CN
ON—Mit——Mn—NO  ON—~in Mn—CN ON-—-—-Mn/ Mn“——NO
| % | f% /NN
No NC ©Tn No NG No NC N CN
Luwu ¥: H/s chi cin v& mot trong cAc céu tric trén. )
(1/8 diem)

3. T dit kién ¢ bai dy dodn X, Y 12 phirc ché oxalat ciia Mn c6 s oxi héa 16n hon +2, khi Z 13 CO,.
Tir bang s0 liéu tinh ra mol ctia cc chét/ion (c6 trong 100 gam chét) twong tng 1a:

Py o ncoz (mmol) | ngmnos (mmol) | npg (mmol) 2 Noxalat
(mmol)
X 6,11 2,04 2,04 2,04 6,12
Y 5,55 5,54 1,108 2,77 5,54

(*) T(f)ng s6 mol oxalat c6 trong 1,00 gam mdi chét = ncoy/2 + ngaimos.5/2
S6 mol nurée két tinh = (1 —m)/18

Tir phan tmg khir Mn™ béi oxalat tao Mn®* vi CO,, ta co:

S8 mol e Mn*™ nhén = nyg.(x-2)

S8 mol e oxalat nhudng = Noxatar . 2 = Dooy
D6i v6i chdt X: 2,04(x-2) = 2,04 — x =3 — X 14 phitc chéit cita Mn*.
D6i v6i chét Y: 2,77(x-2) = 5,54 — x = 4 — Y 13 phitc chét cia Mn™.

» (1/4 diém)

Trong chit X, ti 16 Mn™: C;04% = 1 : 3 phit hop véi cdng thitc phitc chit bat dién [Mn(C204)s1*
TileMn*": H,0=1:3 — H ¢6 3 phan tir H,0 két tinh.

: , 1,00
Gia thict X 12 phic chét don nhan 1a: My = 5,07 = 490 (4vC).

Trir phén [Mn(C,04)s]* va khdi lugng muée két tinh, khéi luong con laila:
490 ~ 55— 88.3 -18.3 = 117 (dvC) ting véi 3K*

Vay X 12 K3[Mn(C,04)3].3H,0

’ (1/4 diém)
Trong chat Y, ti 16 Mn**: C04H,0=1:2:2
. , 1,00
Gid thiét Y 13 phitc chét don nhan, My = 551 =361 (4vC).

Trir phén Mn(C,04); va nu6e két tinh, khéi Iuong con lai la:
361 —55—88.2-2.18 =94 (dvC), tng v6i 2K* va 1 O%
Cong thirc théa mén diéu kién trung hoa dién tich 1a Ko[Mn(C04),(0*)].2H,0 Tuy nhién cong thitc
nay chua thoa mén céu tric bat dién. Do vay, 0% phai 1 phéi tir ciu nédi.
Vay Y phai 13 phitc chat hai nhén, cong thitc cta Y 1a: K4[Mny(C204)4(0%),]4H,0
(1/4 diém)
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CautriccutaXvayY:

; O (o}
/I/,h I ‘\\\\\O ﬂ “‘\\\O//h,, ’ ﬁ

n,

Mn n ‘Mn

v | W, & ‘Wof' “y,
o v
H I

Chii y: H/s khong cin phéi v& céc ddng phan quang hoc cia X va Y.
: (1/4 diém)
Céc phuong trinh phan tmg 1a:

- KMnOy +4H,Cy04 + K2Cy04  — K3[Mn(C,y04)3].3H,0 (X) + 4CO;, + H,0

- 2KMnOj4 + 6H2C204 + K2C204 — Ky[Mnp(C;04)4(0)2].4H,0 (Y) + 6CO, + 2H,0

- 2K3 [Mn(C;04)3] + 5H,S0, —> 2MnSO4 + 3K3804 + 5H,C,04 + 2CO, (Z)

- Ky[Mny(C204)4(0)s] + 4H2804 — 2MnSO4 + 2K5804 + 2H,Co04 + 4CO; (Z)+ 2H,0
Phan ting chudn do:

- 2MnO4 +16H" +5C,04 — 2Mn* + 10CO, + 8H,0

- Mn* +EDTA — Mn(Y)* (H/s viét dang no ciing duoc)
: (1/4 diém)
Chu VI (2,5 diém)
Fulleren Cgp c6 cdu trac khéi cAu, két tinh kidu l4p phuong tAm dién. Cg tao v6i kim loai kidm hop
chét ¢4 ban chét ion hodc hop chét vira ¢6 tinh ion, vira c6 tinh x4m nhép. Tinh thé cac hop chét nay
déu c6 khung ciu tréic gibng nhur tinh thé Céeo, trong d6 ion hodc nguyén tir kim loai kiém chiém cdc vi
tri hbc tréng bat dién va tir dién tao boi cac anion fullerenua.
L. Khi Co phdn ting v6i Na tao thanh hop chét ion A1. Tinh thé A1 c6 khéi luong riéng 13 1,788 g.cm™.
Gian d6 nhidu xa tia X cho biét tinh thé A1 c6 théng sé mang a = 14,17 A. '
a) X4c dinh cong thic cia Al.
b) Dya vio gid trj 7., dw doan vi tri bén nhét ctia Na” trong A1 Biét 7,_, = 1,06 &.
¢) Tinh d9 d3c khit ctia A1 v6i gia thiét ion fullerenua c6 chu tric khéi ciu.
2. Khi Cp phén tg véi véi lugng du Na tao nén hop chit vira ¢ tinh ion vira ¢6 tinh x4m nhép A2 ¢
cong thirc NasCgo. Trong tinh thé A2, dién tich thyc ciia fullerenua chi 1 -2, tht c4 Na chi chuyén mot_
* phén electron sang Ce; thung v6i mic d§ khéc nhau. Nhu vdy, Na trong A2 vira c¢6 tinh chét ion, vira’
¢6 tinh chét kim logi va duoc ki hiéu 13 Na™, Na®* (T, O c6 gid tri khéc nhau tity theo vi tri trong tinh
thé va déu nhoé hon 1). Trong tinh thé A2, mbi héc ti dién ¢6 1 ion Na™; mbi héc bat dién c6 4 ion
Na®" tiép xtic v6i nhau va ndm trén 4 dinh cta mét tir dién du. Gia thiét jon CZ; 6 chu triic khéi clu,
kich thuéc gidng véi fullerenua & A1, tiép xtic v6i cée ion Na'™, Na®".
a) Xéc dinh thong s6 mang a (theo A) ctia A2. Biét rang A2 c6 khébi Iwong riéng D=1,917 g.cm™.
b) Tinh ban kinh ciia Na'" va Na®* trong A2,
¢) Dua véo gié trj ban kinh ctia Na'* va Na®", hély so sanh dién tich cta chiing.
d) Giai thich tai sao néu tinh thé A2 chi ¢6 tinh ion (toan bd Na 1a Na*) thi khong bén.

Huwéng din chim
1. a) Goi cong thirc ctia Al 12 Na,Ceo. Trong mét 6 mang co s& Al co 4 phén tir Na,Cgp , khdi lugng
riéng ctia nd la:

M, 4.x.23+4.12.60

TVN,  (1417.10°Y.6,0221.10°

cell

=1,788 g.cm™

Giai phuong trinh trén ta c6 x = 2, vay cong thitc ciia Al 13 Na,Cep.
L ) . ) (1/4 diém)
b) DE€ biét su phén bo cia Na* cin so séanh kich thudc ciia né véi cac hée bat dién va tr dién.
a2

Tacé 27, =—~=r, =5,010 A
2 TG

2o
Céo
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a3

(Néu hoc sinkh tinh ., ==3~ T il khong dugc diém).
60

+ Vi héc bt dién, ta c6 :2r,+2r, =a=r,=a/2-r, =2,0754
60

2
Céo

Cés T

+ V6i hée tir dién, ta cé :27, +2r,. = 9——\2[2:3 ry = 94i§-—-rcga =1,126 4
(1/4 diém)
Do r_,=1,06 A nhé hon nhiéu kich thuéc ciia héc bat dién va xAp xi voi kich thuée ctia hbc tir dién

A ~ <A T A ro1tA A 2, 1 LA 5 A roq0a 3 I . +
nén Na' s& chiém vi tri héc tit dién. Trong 6 mang co & ¢6 tit ca 8 hoc tir dién phit hop v6i 8 ion Na
nén chiing s& chiém tét ca céc vi tri hoc tir dién.

A (1/4 diém)
¢) D6 déc khit ctia NayCgp 1a:
4 fl—7rr3 +8 i7rr3 ) 4 f}—ﬂ 5 0103)+8(£7Z‘ 1 063)
4VC6‘3 +8VNa* 3 Ca 3" Nat B 37 377 B .
- = - = 417 = 0,755 hay 75,5%.
cell cell Hd
(1/4 diém)
6.2. a) Thé tich 6 mang co s la:
V., =d= M., _ 4(6.123+6O.12)23 = 2,973.10 e
d.N, 1917.6,0221.10
=a=1,438.10" (cm) =14,38 A.
. (1/4 diém)
b)
+ Tai hbc tir dién ta c6:
2 + 20y =f’—*2/~§:> - =g—i/——§-—rcga =1_‘.‘:3_f:3_/—:°’.-5,01o =1,217A.
(1/4 diém)

+ Tai héc bét dién, do tir dign (Na®"), nim tip xtic v6i bat dién Ce,?. Bén Na** nm trén bén dinh

chéo nhau ctia:mdt hinh 18p phuong ¢ canh 13 b, sdu ion Ceo* s tiep xdc voi (Na’“‘)l; theo hudng -+

vudng géc v6i sau mét ciia hinh 13p phwong, TAm ctia hinh 18p phuong canh b s& tring véi trung diém
ctia canh 6 mang co sd.

Hinh du6i md t& mit cit vudng goc v6i mot mit cia hinh 18p phuong canh b va di qua dudng chéo mit
cta n6. Trong d6, dudng tron to 1a ion Cgy™, dudmg tron nhd 13 ion Na%, A va O 1a dinh va trung di€ém
ctia canh & mang co sé. '

...........
- -
»

; Na*t  'CE
BH=r_ . = é—\/—z
E ': Na 2
“;‘ ,": OH - ‘é
N J/ 2
40=2
2

(1/4 diém)
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Ta ¢ cac moi lién hé sau:
27,0, = b2

\/(rNaa“ +ng0_ )2 _-(rNao* )2 +’Z—=g

Hay

\/(rNam o )2 __(rNam )2 N ri,;g =g
\/(rNa0+ +5,010)2 __(rNam )2 + I‘Nam =_1_i§:i§

Giai phuong trinh ta c6: r, ,, = 1,363 A.

(1/4 diém)
¢) Tir céc gid tri tinh toan ta thy: 7, .. < 7, ,, nén c6 thé két ludn Na & vi trf héc tir dién bj ion héa
nhiéu hon, hay c6 dién tich 1én hon hon so véi Na & vi tri hbc bat dién. .

(1/4 diém)
d) Tinh thé A2 khéng bén do c4c ion Na* & hbc bat dién s& day nhau.

(1/4 diém)

Cau VII (3,5 diém) ’ ‘

Phan 14n 14 ngudn cung cép photpho (nguyén t dinh dudng cin thiét) cht yéu cho cy trong duéi dang
photphat nhur superphotphat don, superphotphat kép, amophot,... Tuy nhién, viéc bon qua nhiéu phan
1an s& din dén du thira photpho trong dAt va nude, gdy nén mot sb héu qua khdng mong muon.

1. Ham luong photphat trong mau c6 thé durge x4c dinh theo phuong phép chuén d6 gidn tiép. Nguyén

’
o

téc nhu sau: d4u tién cho mot lugng du, chinh xéc dung dich Mg vao dung dich mAu c4n phan tich
(43 duoc thém dung dich dém amoni/amoniac) dé két tha hoan todn ion _photphat dué6i dang
MgNH4PO,. Loc tich ket tia roi chuén do luong dir Mg®* bing phuong phap chuan d6 tao phiic.

Pé x4c dinh ham lugng photpho trong mot miu phén l4n diamophot ((NH),HPO4 ¢6 }1§n tap ché‘tA o

tro), tién hanh thi nghiém theo qui frinh gdm ca¢ bude sau:

(I) Cén chinh x4c 1,280 gam mAu phan I4n dang b6t rdi hoa tan hoan toan vao nude, thu duge
100,0 mL dung dich X.

(2) Chuéin bj dung dich dém Y béing céch cho 12,787 gam NH,C] vao binh dinh mirc 100 mL; thém
tiép 25,80 mL dung dich NH; ndng & 25,0% (khi Iugng riéng D = 0,910 g.mL™) rdi thém nuédc cét
dén vach mtc.

(3) Léy chinh xac 10,00 mL dung dich X cho vao cbc thiy tinh, thém 5,00 mL dung dich dém Y,
thém tiép 10,00 mL dung dich Mg(NOs), 0,125 M, lic dé phan (g x4y ra hoan toan, loc tich két tia.

(4) Toan bd phin nuée loc thu duoc ¢ bude (3) duge chuyén vao binh tam gidc, thém mot lugng
nho chi thi eriocrom den T (HsIn), diéu chinh pH cua dung dich dn 9,0 rdi chufn 6 bing dung dich
EDTA (Na;H,Y) 0,0250 M dén khi di mau chi thj thi hét 12,50 mL.

a) Tinh pH ctia dung dich Y.

b) Viét cdc phirong trinh phan tmg trong qui trinh phén tich trén. Cho bidt tai didm két thiic chudn o
trong thi nghiém & bude (4), mau cia dung dich thay dbi nhu thé nao?

¢) Chimg minh rang toin b9 photphat d3 dwoc két tia & bude (3). Biét ring lwong photphat duge coi Ia
ket tia hoan todn néu 99,9% lugng photphat d4 di vao két tia. Tinh ham lugng phén tram photpho qui
vé P,0s trong méau phén 14n néi trén.

2. bé xtr li lugng photpho dur thira (& dang photphat) trong nuéc thai ndng nghiép, c6 thé ding véi
song (CaO) dé ket tha photphat. MAu nuéc thai néng nghiép Z c6 tong ndng o cac dang photphat 13
1,50.10° M va ¢6 pH I3 7,50. D& xir i mAu nude thai Z, cho 128,8 g CaO vio 1,00 m® nuée thai Z,
khuay déu. Sau khi c4c phan ting xay ra hoan todn, thu dugce hén hop T.
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a) Két tha ndo duoc tao thanh tir hin hop T? Giai thich. Gia thiét khong c6 sy ddng két tia (cong két);
chi xdy ra cac phan mg gitta CaO véi nudc va cic dang ctia photphat; pH = 7,50 ciia dung dich Z chi
gly ra béi cac dang cta photphat.

b) Tinh ham lwong phén trim photpho d3 dwoc xir 1i trong didu kién néi trén.

¢) Trude khi x4 nuéce théi (sau giai doan xir i & trén) ra moi truomg thi cAn didu chinh dé giam pH. D&
khéng qud 1% luong photphat tan tr& lai dung dich thi gié tri pH thp nhét sau khi didu chinh 14 bao nhidu?
Cho biét: pKai(HsPOy) = 2,15; 7,21; 12,32; {) a(NH4+) = 9,24; pKu(HsY) = 2,00; 2,67; 6,16; 10,26;
*A(Mg(OH)") = 107>%; *(Ca(OH)") = 107%%; pKs(MgNH,PO,) = 12,60; PKs(CalPO,) = 6,58;
PKs(Cas(PO4),) = 28,92; pKs(Mg(OH) ) = 10,90; AMgY*) = 10°; fMgli) = 10",

HsIn c6 pKa = 6,30; pKaz = 11,60. Mau clia céc dang chi thi: HyIn~ d6; HIn®~ xanh; In*>~ da cam. Phirc
MgIn™ c6 mau d6 vang.

Hwéng din chim

1, a) Dung dich d&m Y co:
. 12,787
c(Nm;) 350,10 2,390 (M).
25,80,91x25
C(NTL, ) 17x100% 0,10 3433 (D).
C, 3,453 a1
pH=pK, + lg—C—'—:—- 9,24 + 1g?3_96 =9,40. (théa mén diéu kién C,, Co>> [OH]).
(1/4 diém)
b) Phan ting trong thi nghiém:
Budée (3):
Mg®* + NH; + HPO> — MgNH,PO,
Hoic: Mg* + NHs + PO — MgNHPO,
Buéc (4):  Mg? + HIn* + NH; — Mgln™ + NH,"
Mg** + H,Y* + 2NH; — MgY* + 2NH/
Mgln™ + H,Y> + NH; — MgY* + HIn> + NH,* \
(3/8 diém) .

Chil y: Néu thi sinh viét dwoc dang chinh cia EDTA (Y*) va ciia chi thi (In*) thi vdn cho di 56 diém.

Tai diém két thic chufn do trong budc (4) thi dung dich chuyén tir mau dé vang (ctia phitc MgIn")
sang mau xanh (ciia chi thi & dang HIn®).
(1/8 diém)
Chil p: Néu thi sinh viét duoc dang chinh ciia EDTA (Y*) va ciia chi thi (In™) thi vdn cho i s diém.

¢) Gia str photphat dugc két tiia hoan toan & bude 3.

Tinh véi 10,00 mL dung dich X:

n(Mg2+) = n(PO¥") + n(EDTA)

= n(PO;") = n(Mg”) - n(EDTA) =10.10"%0,125 - 12,5.107.0,025 = 9,375.10~ (mol).
Sau khi cho thém 10,00 mL dung dich Mg(N 03)2 0,1250 M:

10x0,125
C(Mg*) =—"="22 = 0,05 (M).
( )«10+5+1o o
2\ _ 10x9,375.107 2
c(upPo}) = o siio = 2750107 @w.
5%3,453
C(NH,) =222 20,6906 (M).
(NE, 10+5+10
&\ _ 5%2,390+10x2x9,375.10
C(NH;) = 075110 = 0,5530 (M).

(1/4 diém)
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Mg®  + NH + HPO4” — MgNHPO,
C 3,750.10%  3,750.107 3,750.10

Sau phan ting, dung dich thu dwgc gdm:

NHs: 0,6531 (M); NH,": 0,5530 M; Mg?": 0,0125 (M).

> pH=931. .

Kiém tra khong c6 két tia Mg(OH),: [Mg?*].[OHJ? = 0,0125.1071128 < Ks(Mg(OH),) = 10710,
Do vay khéng c6 két tia Mg(OH),.

(1/4 diém)
Xét tai pH= 9,31, ta co: ‘
MgNH,PO, — Mg* + NH,' + PO Kg =1071280
[1 (x+0,0125).a1  (1,2061+x)ay X.03
h .
al = * + = 1’
SMgOH™ ) + h
o, = ____fz_:___ =0,4598;
K.NH})+ h
o, = KoKy ~=9,686.107";
K,K,+hK, +h
Giai phuong trinh:
x.(x+0,0125).(1,2061+x).a1.09.03= 1072 _ x=374.10 M.
-8
Phén trim céc dang photphat con lai trong dung dich la: ;—”77%%_—2—.100% =9,97.10"° (%).
Nhu vy, lugng photphat di vio két tia > 99,9%, nén photphat di két tiia hoan toan. ]
(1/4 diem)

Chii y: Néu hoc sinh khong ké dén luong amoni trong (NH,):HPO, ban ddu thi cho % s6 diém,

* Ham luong photpho qui.déi vé P205 '1.5:'
4
23110 X101 17 2 100% = 52,000%).

2x1,280
(1/4 diém)
2. a) Méu nuéc c6 tdng ndng do photphat 14 1,500.10° M va pH =7,50.
- Tinh duge: C(H,PO}")= 5,085.10™ (M);C(HPoi*) =9,915.10™ (M).
Khi hoa tan CaO:
Ca0 ot HO0 - c¥ o+ 20H
C(Ca(OH),)= 2,30.10° (M).
H,PO4~ + OH - HPOZF+ H0
HPO,* +  OH — PO + HO
Thanh phén gi6i han ciia dung dich: Ca**:2,30.10™ M; OH™: 2,592.10° M; PO, 1,50.10° M.
s . (1/4 diém)
Céan bang quyét dinh pH 1a:
PO + H0 == HPOZ + OH Ky=10"% (1)
[] (1,50.102 - x) x (2,592.107 +x)

Tinh duoce x = 1,266.10™ M.
— [HPO,]=1,266.10° M; [POZ]=2,34.107 M; [OH]=3,86.10" M.
= [H'7=2,59.10" M) - [Ca*] = 2,30.103.0(Ca®") =2,097.107 M).
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Klem tra dleu kién xuat hién két tha:
Nong d6 Ca?* dé bit diu xuit hién hét tha Cas(POy), la:

[Ca?) =355 W0 6033100 (M) <2,097.107 (M)
Po; P V(34102

Nong @b Ca®* a8 bét dAu xuét hién hét tia CaHPO, Ia:
Kg _ 107%%8
[HPOZ™] 1,266.107

[Ca®*], =

=2,078.107* (M) <2,097.1073 (M).

(1/4 dzem)
Nhu vay c6 kha ning xuét hién ca 2 két tia, nhung do [Ca®']; < [Ca®], nén Ca3(PO,), két tua
trudc.
3C 2PO4 —> Ca3(PO4)2
PO+ di vao ket tha v6i Ca®*, ndng d6 i ion PO,* giam thi can béng (1) dich chuyén theo chidu

nguoc lai, do véy chi tao ra két tua Ca3(PO4)2 ]
(1/4 diém)

b) Thanh phén gi6i han ciia dung dich: Ca>*: 5,10 M; OH™: 2,592.107 M; (chita két tia Caz(POg)y).
Xét cn bang phén 1i cua két tha:
Caz(POy);  — 3Ca*" + 2P0 Ks(Caz(POy),) = 107282
[] (5.107° + 3x).04 2x.05
Gia str phén li ciia Caz(PO4), khong 13m thay dbi pH ctia dung dich.
Tinh dugce as = 0,939; as=0,1104.

Giéi phuong trinh: {(5.107° + 3x).a}*. {2r.a5}* = 102 5 2 = 9,763.10° M.
-3
Ham lugng photphat dur trong dung dich la: ?{?63;—%9—— 100(%) = 6,51.1073 (%).

Vay phén trim photpho d4 bi xir 1f 13 ~ 100%. ,
" (2/4 diem)

¢) Xét can bang hoa tan két tia photphat tai pH sau khi diéu chinh:
Ca3(PO4)2 T — 3C 2P043‘ KS(Ca3(PO4)2) = 10—28,92
[] (5.10° + 3y) as .oy

Véi 2y 1 tbng ndng db céc dang ton tai cia photphat. Xét gid tri pH cta dung dich d& photpho tan
nguoc lai vao 1a 1%, thi 2y = 1,500.10~° (M).

(1/4 diém).
Ta c6:
K. K K
=[Ca**P.[PO} 1= (5.107 +3 2 g2 ad =107
=[Ca™.[PO} 1=( »). (ﬂ Y29 (= +Ka1h2+K01Ka2h+K,,1K,,2Kaa)
Gia stt h>> *ﬂ h << K vah>> K.
= (5.107 +2,25.107°)*.(1,50.10°%)? ( LELe )= 107282,
24 K,,h

— h=1,25.10" Q\D.
Thoa mén diéu kién gia sir. Vay pH = 8,90.

: (1/4 diém)
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