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Bl Lo mé diu
Héa vo co 1a mot linh vige nén tang ciia héa hoc, nghién cttu vé cau tao, tinh chat va sy bién doi cla
cac nguyen t6 va hgp chat vo co. Day 1a co sé quan trong dé hiéu duge nhitng hién tuong héa hoc trong
tu nhién, trong cong nghiép cling nhu trong cac cong nghé vat lieu, moi truong va nang lugng hién dai.
Chuyén dé 2: Cac hgp chat vo co dude xay dung nham hé théng héa toan dién cac kién thic trong
tam ve:

e Cac hop chat vo co

e Do pH

Phan bén hoéa hoc

Chudi chuyén héa va méi lien heé gitta cac hop chat vo co

M6 rong va lién hé véi cac linh vyce khac

Heé théng bai tap van dung tit co ban dén nang cao

Muyec tiéu ctia chuyén dé khong chi dimmg lai 6 viéc 6n tap kién thitc sich gido khoa, ma con huéng t6i
viéc ren luyen tu duy héa hoc, kha nang phan tich phan tng va ki nang xi Iy bai toan tong hgp, phit hop
v6i yéu cau ctia cac ki thi chon hoc sinh giéi va thi tuyén vao 16p 10 chuyen.

Chuyén dé hi vong sé trd thanh mot tai lieu dong hanh hitu ich déi v6i hoc sinh yéu thich Hoa hoc va
c6 dinh huéng theo dudi céc ki thi chuyen trong tuong lai.



Cac hop chét vd co

I Acid

Mic du ¢6 nhiéu dinh nghia acid - base khac nhau, thuyét acid - base ctia Arrhenius van 14 mot quan
diém phd bién va hitu dung. Theo d6, acid 1a nhitng chat c6 kha nang phan li tao ion HT trong nudc.

Dinh nghia 1.1
Theo thuyét Arrhenius, acid 1 chat c6 kha nang nhuong H*

Acid — ion H" + ion am gbéc acid

Vi du: HCI (Hydrochloric acid) — H* (Ton hydrogen) + C1~ (Ion chloride)
H,S0, (Sulfuric acid) — 2 H* (Ton hydrogen) 4+ SO, (Ion sulfate)

B Tinh chit héa hoc

1. Lam d6i mau chét chi thi
Acid lam:
- Quy tim — mau do6 (trit mot s6 acid hitu co loang lam quy tim chuyén mau hong nhat hoic gan
nhu khong ddi mau)
- Phenolphtalein — khong mau (chi ding véi dung dich acid loang, 6 pH < -1 phenophthalein c6
mau cam)

- Chi thi van nang — d6/cam/vang (mau pH < 7)

2. Tac dung véi kim loai ding truéec H trong day hoat dong hoéa hoc
Acid + Kim loai (truée H) — Mudi + Hy
Vi du: 2HCI1 + Fe — FeCl, + Hy

Luu y
- Khéng phai kim loai nao ciing phan ting (Cu, Ag, Au... khdng phan tmg véi HCl, H,SO, lodng).

- Céc acid ¢4 tinh oxi hod manh (HNOs, H,SO,4 dic néng) phan dng dugc véi Cu. - Trong thuc té,
viéc cho cdc kim loai truéc H trong day hoat déng vao dung dich acid cé thé khoéng c6 hién tugng
do 16p oxide ngoai miéng kim loai, néng dé acid qua lodng, v.v.

3. Tac dung véi base (phan tng trung hoa)
Acid + Base — Mudi + Nudc
Vi du: HySO,4 4+ 2NaOH — NaySO,4 + 2H,0

4. Tac dung véi basic oxide
Acid + Basic oxide — Mubdi + Nuéc
Vi du: 2HCl + CaO — CaCl; 4+ H,O

5. Tac dung véi mubi



Luu y
Acid tac dung véi mudi néu tao ra mudi méi va acid yéu/chit két tia/khi bay hoi.

Vi du:

2HCI + FeS —— FeCly + HoS

H,SO, 4+ BaCl, — BaSO,4 + 2 HC1
NaNO; + HySO4 —— NaHSO4 + HNO,
Sau d6, HNO, bi phan huy:

3HNO; — HNO3 + 2NO + H,O

6. Tinh oxid manh (mot s6 acid dac)
HNOj3 va HySO4 dac néng la acid ¢6 tinh oxi hoa manh
-> c6 thé oxi hoa ca kim loai cudi day: Cu, Ag. ..

Vi dU Cu+ 4HN03(d) — CU(N03)2 + 2 N02 + 2 HQO

| Base

Theo cuing thuyét Arrhenius, base 14 nhitng chat tao ra ion hydroxide (OH ) khi hoa tan trong nudc.
Thuong cau tao tit nguyen ti kim loai lién két véi nhom hydroxide.

Dinh nghia 1.2
Theo thuyét Arrhenius, base la nhiing chat tao ion hydroxide (OH ) trong nuéc.
Base — ion OH™ + ion duong

Vi du:
KOH (Potassium hydroxide) — K™ (Ion potassium) + OH™ (Ion hydroxide)
Ba(OH), (Barium hydroxide) — Ba*" (Ion barium) + 2 OH" (Ion hydroxide)
Theo dinh nghia trén, NHj cling dude duge hiéu 1a mot base do né phan ting véi nuée dit khong chita
ion OH™ trong cong thiic.
NH; + H,O — NH, ™ + OH"~

M Phan loai

Base dugc chia thanh 2 loai chinh : base tan va base khong tan trong nudc.

e Base tan trong nude goi la kiém, nhu: NaOH, KOH, Ba(OH)y, Ca(OH), (c6 tinh tan kém),... (thuong

13 hydroxide clia cac kim loai kiém, mot s6 kim loai kiém tho)

e Base khong tan trong nudc thudng gip 1a hydroxide ciia cac kim loai chuyén tiép nhu: Fe(OH),,
CU(OH)Q, FG(OH)g,..

Bén canh d6, con ¢6 cac hydroxide luéng tinh nhuw Al(OH)s, Zn(OH),, Cr(OH)s,...1a cdc hydroxide ¢6

kha nang phan ting vdi cd dung dich acid va kieém.



B Tinh ch4t héa hoc

1. Lam d6i mau chét chi thi
Base tan (kiém) lam:
- Quy tim — mau xanh
- Phenolphtalein — mau hong
- Methyl da cam — mau vang
- Chi thi van nang — xanh lam - tim (mau pH >7)
Xem hinh 2.2 § trang 16 dé thay sy doi mau trong cac chi thi khac.

Luu y
M6t sb base yéu (nhur aniline) khéng Iam d8i mau/chi 1am phenolphthalein d8i mau hdng nhat

2. Tac dung véi acid (phan ng trung hoa)
Acid + Base — Mudi + Nudc
Vi du: Mg(OH), + H,SO, —— MgSO,4 + 2H,0
LiOH 4 HCl — LiCl + H50

3. Tac dung véi acidic oxide
Kiém + Acidic oxide —— Mubdi + Nudc
Vi du:
2KOH + CO; — KyCO3 + H,O
6 NaOH + P;O5 — 2NagPO, + 3H,0

Luu y
- San pham tao ra phu thudc vao lugng acidic oxide

- SiO, chi phan ting véi dung dich kiém d3c néng

Vi du:

2NaOH + COy — NayCO3 + H,O

2NaOH + 2 COy — 2NaHCO3 + H50

SiO 4+ 2 NaOH (dic, nong) — NaySiO3 + HoO

4. Tac dung véi mudi
Kiém tdc dung v6i mudi néu tao ra chat két tiia/khi bay hoi/base yéu/chat it tan/phan hiy.
Vi du:

e Tao két ttia/it tan:
FeCl; + 3NaOH — Fe(OH)3 + 3 NaCl
AICL; + 3KOH — Al(OH); + 3KCl
Sau d6, néu KOH du thi AI(OH); tiép tuc phan tng:
AL(OH); + KOH — K[AI(OH),]
hoic AI(OH); + KOH — KA1O, + 2 H,0

e Tao khi bay hoi:



e Tac dung v6i mudi c6 tinh acid:
NaHSO, + NaOH —— NaySO, + H,0O
NaHCO3; + NaOH —— Nay,CO3 + Hy,O
NaH,PO, + NaOH —— Na,HPO, + H,0
NayHPO,4 + NaOH — NazPO, + H,O

5. Nhiét phan (véGi cac base khong tan)
Base khong tan —, Basicoxide + Nudc
Vi du:

Fe(OH), —— FeO + H,0
2 Al(OH); —— Al,03 + 3H,0

6. Tinh ludng tinh (hydroxide ludng tinh)
Tac dung véi acid:
2 A1(OH)3 + 3H5S0, — Aly(SOy4)3 + 6 HoO
Rac dung v6i kiem:
Zn(OH)s + 2NaOH —— Nay[Zn(OH),]

Oxide

C6 nhiéu cach dinh nghia oxide, nhung d6i véi hop chat vo co, oxide 1a hop chat gitta oxygen va mot
nguyén té6 d6. Mot s6 kim loai ho#c phi kim téc dung vé6i oxygen & nhiét do cao tao ra oxide.
Vi du:
4 Al (Aluminium) 4 3 0y — 2 Al,O3 (Aluminium oxide)
4P (Phosphorus) + 5 Oy — 2 P,0;5 (Phosphorus (V) oxide)
B Phan loai oxide
Oxide dugce chia thanh 4 loai: Basic oxide, Acidic oxide, Oxide ludng tinh, oxide trung tinh.
e Basic oxide: nhitng oxide tac dung dude v6i dung dich acid tao thanh mudi va nuée.
e Da s6 cac oxide kim loai 13 oxide base, nhu: CuO, CaO, MgO,...
e Acidic oxide: nhitng oxide tac dung dugc v6i dung dich base tao thanh mubi va nudc.

e Cac oxide acid thuong la oxide ctia cac phi kim, nhu: CO,, SO, SO3, P5Os5,...

e Oxide ludng tinh : nhiing oxide vita tac dung dudc v6i dung dich acid vita tac dung duge véi dung
dich base trong diéu kién thuong, tao thanh mudi va nudc.
Mot s oxide ludng tinh thuong gap : Al,Os, ZnO,...

e Oxide trung tinh : nhiing oxide khong tac dung véi dung dich acid, dung dich base.
Mot s6 oxide trung tinh : CO, NO, N,O,...



B Tinh ch4t héa hoc
1. Tac dung véi nuéc

a. V6i basic oxide:
Basic oxide ctia kim loai kiém/mot s6 kim loai kiém thd + H,O — Base tan
Vi du:
Na,O + H,O —— 2NaOH
CaO + HyO —— Ca(OH),

b. Véi acidic oxide:
Acidic oxide + Nuéc — Acid
Vi du:
P,05 + 3H,O — 2H3POy4
SOs + HO —— HyS0O4
Cl,O7 + HLO —— 2 HCIOy4

2. Acidic oxide va basic oxide tac dung véi nhau
Basic oxide + Acidic oxide — Mubi
Vi du:
Ca0O + COy — CaCOs3
BaO + SOy — BaSO;

3. Tinh oxid héa - khw
Mot s6 oxide c6 tinh khit (c6 the bi oxid hoa):
Vi du:
250, + 0y 2% 2505 2NO + 03 — 2NO,
4FeO + Oy —— 2 Fey03

Hau hét cic oxide c¢6 tinh oxid hoa (c6 the bi khit):
Vi du:

CuO + Hy - Cu + H,0

Fe,03 + 3CO —— 2Fe + 3 CO,

2Cr0; +3C - Cry03 + 3CO

4. Tinh ludng tinh (oxide ludng tinh) Tac dung véi acid:
Vi du: ZnO + 2 HCl — ZnCl, + H,O
Tac dung v6i kiem:
Vi du:
Al;O3 4+ 2NaOH —— 2 NaAlO, 4+ H,O
hodc Al,O3 + 3Hy0 + 2NaOH —— 2 Na[Al(OH),]

C6 tinh oxid hoéa - khit nhu cac oxid khac:
Vi du: Cry05 +2Al -2 2Cr + AlO, (phan tng nhist nhom; trong d6 Cr,O; la chit oxid héa)



5. Oxide trung tinh
Oxide trung tinh (CO, NO, SiO, N,O,...) khong tac dung véi nude va hau hét céc acid/base manh
trong dieéu kién thuong.
Nhung c¢6 tinh oxid héa khit nhu cac oxide khac
Vi du:
CO + Hy — C + H,0
2CO + 0Oy — 2C0O,



1.4 oi

Dinh nghia 1.3

Mudi 1a nhiing hgp chat gom goc cac ion duong va cac ion am. Cac ion duong thuong 13 ion kim loai

hosic NH, T, ion am la cac goc acid.

Vi du:

HCIl + NH3; + H,O — NH,4Cl 4+ H,O

Trong phan tng trén, ion H clia acid HCI duge thay thé béi ion NH, ™.
Fe304 + 8 HCl — FeCly + 2 FeCl; + Hy O

Khi tac dung véi basic oxide ctia kim loai, ion H ctia acid ciing bi thay thé béi ion kim loai.

B Tén goi
Géc acid | Tén goi Goéc acid | Tén goi
Cl- chloride CH3COO™ | acetate
Br~ bromide S2 sulfide
I~ iodide HS™ hydrogensulfide
NO3 nitrate CO;~ carbonate
SO~ sulfate HCO3 hydrogencarbonate
HSO, hydrogensulfate | PO}~ phosphate
SO;~ sulfite HPO;™ hydrogenphosphate
Bang 1. Bang tén goi cac ion (gbc acid) véi dién tich.
Vi du:

e KCI : potassium chloride
e Ca(HCOs3), : calcium bicarbonate

e FeSO, : iron (II) sulfate

B Tinh tan cia muoi

Tinh tan ctia muoi

1. Mudi hau nhu ludn tan
- Mudi ctia kim loai kiém: Li*, Na™, K¥, ...
- Mubi ctia NH, ™"

Vi du: NaCl, KNOs, (NH4),SO, (déu tan)

2. Mubi ctia NO3~

Hau hét déu tan



. Mubi halogen (Cl1-, Br—, 1)

- Da s6 tan

- Khong tan hoic it tan khi di véi: Ag™, Pb?* ...
Vi du: AgCl, AgBr, Agl ¢6 do tan cuc kém

. Muéi SO427
- Khong tan hoic it tan véi: Ba®t, Pb*", Ca*" (CaSOy it tan)

. Mudi CO5%", PO,*, S?°
- Hau hét khong tan
- Trir: mudi ctia kim loai kiem va NH, " (tan)

. Mubi acid

- Mubi acid ctia kim loai kiém va NH,™ hau nhu luén tan.
- HCO3 : tan

- HSO, : tan

- H,PO, : da s6 tan; HPO,? : it tan hon



TINH TAN CUA MOT SO ACID, BASE, MUOI

Cation | H.Tri | OH™ | CI- | NO; | Ac* | S?~ | SO | SO | CO3™ | SiO; | PO}~
Ht I - |T/B| T/B | T/B|T/B| T/B | T/KB| T/B | K/KB | T/KB
Kt I T T T T T T T T T
Nat I T T T T T T T T T
Agt I - K T T K K it K - K
Mg?+ II K T T T - K T K K K
Ca?t II it T T T T K it K K K
Ba’t 11 T T T T T K K K K K
Zn*t 11 K T T T K K T K K K
Pb2+ II K it T ik K K K K K K
Cu?t 11 K T T T K K T K - K
Fet 11 K T T T K K T K K K
Fe3t 111 K T i o K — T = K K
APt 111 K T T T — ~ T — K K
* Ac: viét tdt cia goc Acetate (CH3COO0™)
Ghi chu: Tén goi mot sb gbc acid (TUPAC):
e T:Tan / K: Khong tan / it: It tan Cl~ | Chloride || SOi™ | Sulfate
o B: D& bay hoi hodic phan hity thanh khi NO; | Nitrate || CO5~ | Carbonate
« KB: Khong bay hoi S?~ | Sulfide || PO?~ | Phosphate

e —: Khong ton tai hodc bi phan hity trong nudc




B Tinh ch4t héa hoc

1.

Tac dung véi kim loai

Diéu kién: kim loai ding trudc kim loai trong mudi trong day hoat dong hoa hoc.
Ban chat: phan ting 1a oxi hoa - khit vi kim loai manh day kim loai yéu ra khéi mudi.
Vi du: Fe + CuSO; — FeSO, + Cu

Luu y
Kim loai kiém, kiém th8 khdng c6 phan ting ndy (vi phan tng véi nudc trong dung dich trudc).

. Tac dung véi acid

Diéu kién: tao ra khi bay hoi/két ttia/acid yéu hon.
Vi du:

FeS + 2HCl — FeCl, + H,S

Ba(NOj3)s + H,SO, —— BaSO4 + 2 HNO;

CH3COOK + H,S0, (loang) — KHSO, + CH;COOH

Tac dung véi base

Diéu kién: tao khi/base khong tan

Vi du:

CuSO,4 + 2NaOH — Cu(OH)s 4+ NaySO4
NH,Cl + KOH — NH; + KC1 + H,O

Luu y
Mudi ammonium ludn phan ting véi base manh giai phéng khi NH;

. Tac dung véi muoi

Diéu kién: tao ra két ttia/chat dién ly yéu.
Vi du:

2 AgNO;3 + CaCly, — 2 AgCl + Ca(NO3),
BaCl; + NaySO4 — BaSOy4 + 2 NaCl

Luu y
Hai mubi phan ting ban dau phai tan

. Nhiét phan

Diéu kién: mudi ammonium /kim loai kém hoat dong/gdc CO3*", NO3 ™ /...

Vi du:

CaCO3 —— Ca0O + CO»

NH,NO; 2% N,0 + 2 H,0

Dién phan

Dién phan néng chay: mudi khan, néng chay, khong c6 sit tham gia ctia nudc.
Vi du: 2NaCl — 2Na + Cl,



Dién phan dung dich: mudi tan trong nuéc
Vi du:

Dién phan dung dich CuSOy:

Ton Cu®" bi khi:

Cu’t +2e — Cu

Nude bi oxid hoa:

2H,0 — O +4H' 4+ 4e

Phuong trinh téng quat:

2CuSO4 + 2H0 — 2Cu+ O + 2H5S04



BN 06 o+

Do pH la dai lugng dimng dé danh gia miic do acid hay base ctia mot dung dich, dya trén nong do ion H
(hay H;O™) trong dung dich.

pH = — log[H"]

Trong d6, [H'] 1a nong do ctia ion HY trong dung dich.
Trong thuc té, cdc nha khoa hoc st dung hoat do (activity) thay cho nong do. Tuy nhién véi dung dich
loang thi nong do gan nhu tuong duwong véi hoat do.

Thang do do pH

Thang pH la thang do diing dé xac dinh do acid, trung tinh hay base ciia mot dung dich.
Thang pH chay tww 0 — 14, trong do:

- pH < 7 : dung dich acid

- pH = 7 : dung dich trung tinh (nuéc tinh khiét)

- pH > 7 : dung dich base (kiém)

Luu y
- pH cang nhé — tinh acid cang manh

- pH cang I6n — tinh base cang manh

y A Cac loai chi thi

1. Chi thi van nang (universal indicator) 14 hon hgp nhiéu chi thi, cho biét do acid - kiém (pH)
cua dung dich.
C6 hai loai dugc thuong mai héa pho bién - Giay chi thi van nang: c6 thé so véi thang pH va biét
dugc pH gan ding nén dudce ding dé kiém tra nude sinh hoat, bé ca.
- Dung dich chi thi van nang: nhé vai giot vao dung dich can kiém tra, tit d6 quan sat mau va xac
dinh pH, dugc dung D thi nghiém.

- T
b

Wirkimedia)

2. Chi thi don 1& 13 mdi chat chi déi mau trong mot khoang nhéat dinh, gitp xéac dinh tinh acid -

base.
Vi du:


https://commons.wikimedia.org/wiki/File:PH_indicator_paper_with_multiple_colours.jpg

thi nghiém trudng hoc, kiém tra nhanh dung dich.

truong hoc.

tra pH ctia nuéc sinh hoat, dung dich muéi

3

1 9 6

Methyl orange: acid — do, base — vang; dung trong phong thi nghiém
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Gidy quy tim: acid — do, base — xanh, trung tinh — khong ddi mau; duge ding trong phong

Phenolphthalein: kiém — hong, acid — khong mau; duge ding trong phong thi nghiem

Bromothymol blue : acid — vang, trung tinh — xanh lam, base — xanh lam; diing dé kiém

1 12 13 14

Crystal Violet

cresol Red

Cresolphthalein (meta)

cresol Purple

Thymol Blue

— O
I ]
I'J" ™~

Methyl Orange - Xylene Cyanol

Bromophenol Blue

=

Congo Red

[l

Methyl Orange

N

Alizarin Red $

3

Bromocresol Green

Dichlorofluorescein

Methyl Red

.
.

Bromocresol Green/Methyl Red

-.

Bromocresol Purple

Chlorophenol Red

.

Bromothymol Blue

1

Phenol Red

Naphtholphthalein (alpha)

Phenolphthalein

Cresolphthalein (ortho)

=
=
_
_ .
E

Thymolphthalein

T

Indigo Carmine

Universal Indicator

e

Hinh 2.2. Khodng chuyén miu va miu sic clia cac chi thi théng dung.

(Ngudn anh: sciencenotes.org)

Y nghia ciia pH trong ddi sbng

- Nong nghiép, moi truong: xac dinh do chua ctia dat, theo doi do acid clia mua.

- Doi séng thuong ngay: kiém tra nude sinh hoat, cham séc ho cé, st dung my pham, san pham cham séc

phtt hop véi da, stt dung héa chat an toan.

- Y hoc: xac dinh pH mau, da day dé dua ra cach can bang thich hgp.


https://sciencenotes.org/ph-indicator-chart-colors-and-ranges/

M& rong - Hoa hoc chit rin va tinh thé

Hoa hoc chat rin c6 pham vi thuoc ca hod hoc vat 1y va hoa hoc vo co...bao gom viéc tong hgp, xac dinh
cau tric va nghién cttu cac tinh chat ctia cac chat rén (A.F.Wells, 1984). Trong nganh nghién cttu nay,
cac nguyen 1y chung vé lién két ciing dude st dung tuong ty nhu nhitng nguyen li duge 4p dung cho phan
t1t. Trong phan nay, nhitng tinh chit co ban ciia chat ran két tinh (tinh thé) sé duge cung cap va lam ré.
Déi v6i mot tinh thé cac tinh chat vat If va hoa hoc c¢6 thé dugce giai thich bing cach hinh dung tinh thé
d6 gom cac orbital phan tit (viing khong gian electron ctia toan phan t1t) trai rong khap toan bo cau
trac. Mo hinh nay c6 ich trong viec gidi thich cac tinh chat dac trung ciia vat lieu khoi (bulk materials -
1 cac hat c6 kich thuée 16n hon 10nm theo moi chiéu) so véi phan tit nhé. C6 hai phan loai chinh ctia
chit rdn: chat ran két tinh (crystalline) va chat ran vé dinh hinh (amorphous). Trong d6, trong
tam chuong nay 13 nhitng tinh chat co ban cac chat ran két tinh cau tao tit cac nguyén tit hodc ion.
Trudc tién, mang tinh thé 1a sy sip xép bén trong cac tinh thé rdn dugc tao nén béi cac nit cé cau tric
3 chiéu lap lai déu dan, trong phan sau céc cau tric mang tinh thé thudng gap sé duge trinh bay va lam
16. Sau d6, cach cac nguyeén tit hay ion sip xép bén trong cic mang tinh thé, dong thoi gidi thieu vé su
xuat hién ctia 16 hong tinh thé (noi cdc nguyén ti ndm khong ding vi tri hodc ¢6 cac khuyét tat tao nén
st sai léch hosic khong hoan héo trong mang tinh thé Iy tudng). Cudi cling 1a cac lién két trong mang

tinh thé va dua ra vi du tit mot s6 hop chat thuong gip.

Cong thic va clu tric

Céc chat ran tinh thé c6 céc ion, nguyén tit (duge goi la nit) sip xép trong cac mang hinh hoc cé cau

tric lap lai déu dan va don gian nhat dudce goi 1a 6 don vi.
Lattice points

Unit cell

Hinh 3.1. O don Vi thé hién cdc nat mang dugc 13p lai theo moi huédng.
(Ngudn anh: Flowers et al. (2015))
Cau truc ctia kim loai thuong don gidn. Ngudc lai, cac khoang vat thuong c6 cau tric phiic tap hon
nhung cac cau tric don gian hon van c¢6 thé duge nhan biét ben trong. O don vi 1a mot thanh phan cau
tric ma khi duge lip lai theo moi phuong, tao ra mot tinh thé ¢ quy mo vi mo. Cau tric ciia 14 cau tric
tinh thé kha di (mang Bravais) dugc thé hién trong hinh 3.4 Céac nguyén ti (hodc ion) nam & céac géc,

canh hay mat trong mang tinh thé dugc goi 1a ntit mang va dudc chia sé giita cac 6 don vi khac nhau:

- Céac diém mang & cac goc clia cac 6 don vi hinh chit nhat duge chia déu cho tam 6 don vi va déng
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g6p 1/8 cho moéi 6, tong cong doi véi mot 6 don vi riéng 1é 1a 8 x 3= 1 nguyén tit cho tat ca cac

-

goc.

- Céac diém mang & cac canh clia cac 6 don vi hinh chit nhat duge chia déu cho bén 6 don vi va déng
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g6p 1/4 cho mdi 0, tong cong doi véi mot 6 don vi rieng 16 1a 12 x 1= 3 nguyén tit cho tat ca cac

canh.

- Céac diém mang & cac miit clia cac 6 don vi hinh chit nhat duge chia déu cho hai 6 don vi va dong
g6p 1/2 cho mdi 0, tong cong doi véi mot 6 don vi rieng 16 1a 6 x 3= 3 nguyén tu cho tat ca cac

mat.

Face-centered cubic structure
Hinh 3.2. Tinh thé 1p phuong tam dién c6 cic nguyén ti & dinh, gilta cdc mit clia 6 mang.
(Ngudn anh: Flowers et al. (2015))

Mot 6 don vi duge xac dinh béi do dai ba truc (a,b,c) va 3 goc (o, 5,7) gitta chiung va duge minh hoa
nhu hinh 3.3 Cac truc nay duge dinh nghia la khoang cac gitta cac nit trong mang khong gian. Do do,

cac truc clia 6 don vi ndi cac nit mang c¢6 moi truong xung quanh giong hét nhau.

c

B ‘\‘“

Hinh 3.3. O don vi dugc xac dinh béi dé dai ba truc (a,b,c) va 3 géc (o, B,7).
(Ngudn anh: Flowers et al. (2015)).
C6 7 he théng mang tinh thé khac nhau, mot vai trong s6 d6 ¢6 nhiéu hon mot loai, tao nén 14 6 don vi

khéac nhau, véi cac hinh dang duge minh hoa trong hinh 3.4
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(Ngudn anh: Flowers et al. (2015)).
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M6t s6 ciu tric tinh thé thuong gap

M Ciu tric lap phuong tam khoi (Body-Centered Cubic - BCC)

Cau trtc lap phuong tam khéi thuoc nhém khong gian doéi xting cao duge mo ta bdi mot 6 co sé lap
phuong trong d6 céc nguyen tit (ho#ic ion) ndm & tam dinh cia hinh lap phuong va mot nguyén ti nam
tai tam khoi 1ap phuong. Mdi 6 co s6 BCC chita tuong duong hai nguyen tit (8 x é +1 =2). Do céu truc
nay, so phoi trf ciia mang BCC béang 8, mot nguyén tit sé tao lien két véi 8 nguyén tit nam ké né. Mdi

4
lien heé gitta do dai canh 6 mang (a) va ban kinh nguyén t (r) duge xac dinh qua cong thic a = 7% va

vi khong duge sap xép theo nguyén tac chit khit 1y tuéng nén do chat khit chi dat khodng 86%. Do c6
do chit khit thap nén khong c6 cac mat phing xép chat khit lén nhau, diéu nay lam han ché kha ning
trugt len nhau giita cdc nguyén tit trong mang tinh the (tao nén tinh déo ctia kim loai). Vi vay vat lieu
c6 cau tric nay sé chong lai sy bién dang cuc t6t v biéu hién ra bén ngoai la do citng va do gion cao.

VD: Fe,,Ba, Cr, ...

M Ciu tric lap phuong tam dién (Face-Centered Cubic - FCC)

Cau trtc lap phuong tam dién thuoc nhom khong gian déi xting cao duge mo ta bdi mot 6 co s lap
phuong trong d6 céc nguyen tit (hodic ion) ndm & tam dinh ctia hinh lap phuong va sdu nguyen tit ndm
tai tam ctia sau méat khoi 1ap phuong. Méi 6 co sé FCC chiia tuong duong bon nguyen ti

(8 x % +6 x % = 4). Do cu tric nay, s6 phoi tri cia mang FCC bang 12, mot nguyén tit sé tao lien két
v6i 12 nguyén tif nam ké n6. Méi lien he gitta do dai canh 6 mang (a) va ban kinh nguyén tit (r) dugce
xac dinh qua cong thic a = 2rv/2 va vi dude sdp xép theo nguyen tic chit khit 1y tudéng nen do chit
khit dat mtc t6i da khoang 74%. Do c6 do chat khit t6i da va s hitu nhiéu mat phang xép chat khit len
nhau, diéu nay lam ting kha nang truct léen nhau gitta cac nguyen tit trong mang tinh thé doc theo céc

hé trugt mat do cao. Vi vay vat lieu c¢6 cau tric nay dé bi bién dang déo khi chiu ngoai lyc va bidu hién

ra bén ngoai 14 do citng thap, do déo va do dai cao. VD: Cu, Al, Au, Ag, Fe

Face-Centered Cubic Body-Centered Cubic
BCC

An atom at the One atom at the

center of all 6 faces e tomtat all center of the cube A ateasin i il

8 corner positions 8 corner positions

Hinh 3.5. Anh minh hoa kidu mang lap phuong tdm dién va |3p phuong tam
(Ngudn anh: msestudent.com)


https://msestudent.com/what-is-the-difference-between-fcc-and-bcc-crystal-structure-properties-interstitial-sites-and-examples/

B Ciu tric luc phuong chit khit (Hexagonal Close-Packed - HCP)

Cau trac luc phuong chat khit thudce hé tinh thé phi lap phuong duge mo ta bdi mot 6 co s6 lang tru luc
gidc déu trong do cac nguyen tit (hofic ion) ndm ¢ mudi hai dinh ctia lang try, hai nguyén tit ndm & tam
clia hai mat ddy luc giac va ba nguyén tit ndm tron ven 6 khong gian trung gian gitta hai day. Mdi 6 co
s6 HCP chita tuong duong sau nguyéen tir (12 x é +2 x % + 3 =6). Do cau tric nay, so6 phoi tri clia
mang HCP bang 12, mot nguyén tit sé tao lien két v6i 12 nguyén ti nam ké né. Mai lien hé hinh hoc

gitta chiéu cao lang tru (c¢) va canh day (a) d6i v6i mot tinh thé 1y tudng duge xac dinh qua ty s6
c

8 . . . .
- = \/g ~ 1,633. Giong nhu mang FCC, cau trac HCP dugc sap xép theo nguyén tac chat khit 1y tudng
a

nén do chat khit cling dat khodng 74%. Tuy nhién, do tinh bat déi xitng truc lam han ché sé lugng mit
phang va huéng trugt & nhiet do phong, cac nguyén ti trong mang kho trugt tu do theo nhiéu huéng
khéc nhau. Vi vay vat litu c6 cau tric nay thé hien tinh di huéng co hoc 16 rét, c6 do ciing trung binh

dén cao nhung gion va khoé gia cong bién dang. VD: Zn, Mg, Ti, Co,...
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A
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Hinh 3.6. Anh minh hoa kidu mang luc phuong chat khit

(Ngudn anh: expertsmind.com)

Chu triic va 18 héng tinh thé clia tinh thé ion

Céc tinh thé ion bao gom hai hay nhiéu loai ion khac nhau thudng cé kich thuéc khac nhau. Hau hét cac
ion don nguyén tit hoat dong nhut cac qua cau mang dién va lyc hit ctia ching déi véi cac ion mang dién
tich trai dau 1a nhu nhau theo moi huéng. Do d6 cac cau tric vitng bén ctia hop chat ion duge hinh
thanh khi (1) cdc ion mang dién tich dugc bao quanh béi cang nhiéu ion mang dién tich trai dau va (2)
khi cation va anion tiép xtc v6i nhau. CAu tric ctia mang tinh thé ion duge xac dinh béi hai yéu t6
chinh 1a kich thuéc tuong doi clia cac ion va ti so giita ion duong va ion am.

Trong tinh thé ion, khong c6 electron tu do. Céc ion c6 thé dugc tao thanh do qua trinh nhuong — nhan
electron giita cac nguyén tit hodc do sy tai sip xép clia cac ion da ton tai trong céc phan ting trao doi
ion., didu d6 dan dén bén trong tinh thé ion ngusi ta quan sat dugc anion (ion mang dién tich am)
thuong c6 kich thude 16n hon cation (ion mang dién tich duong)


https://www.expertsmind.com/questions/illustrate-the-hexagonal-close-packed-structure-301104007.aspx

Na atom Na*ion
(Net charge +1)

1— @ EIectron transfer

v 17— . ' /

Clatom Cl-ion Solid sodium chloride, NaCl
(Net charge — 1) (Net charge 0)

Hinh 3.7. Minh hoa cho su hinh thanh tinh thé NaCl tir cac don chit
(Ngudn anh: LibreTexts)

Trong mang tinh thé ion, ton tai 3 loai 16 tréng: lap phuong, tit dién va béat dien.

- Loai 16 trong dau tién c6 kich thuéc nhé va c¢6 ba anion nam trén mot mat phang, anion con lai
nam tai mat phang lien ké. Bén anion nay bao quanh 16 tréng va tao thanh bén dinh ctia ti dién,
nén duge goi 1a 16 trong tit dién (tetrahedral hole).

- Loai 16 trong thit hai ¢6 kich thuée 16n hon xuat hién gitta 6 anion (3 anion nam trén mot 16p va 3
anion khac nam trén 16p lién ké va tat cd ndm trén cac dinh ctia mot hinh béat dién) va c6 tén 1a 16
tréng bat dién (octahedral hole).

- Loai 16 trong thit ba c¢6 kich thude 16n nhat, xuat hién gita 8 anion, trong dé 8 anion nim & 8 dinh
ctia mot hinh lap phuong, va 16 tréng nidm & tam hinh lap phuong, duge goi 1a 16 tréng lap
phuong (cubic hole).

Octahedral holes Tetrahedral holes

Hinh 3.8. L3 tréng bat dién va ti dién. Cac cation cé thé n3m trong c3 hai loai 15 héng.
(Ngudn anh: Flowers et al. (2015))


https://chem.libretexts.org/Courses/University_of_California_Davis/UCD_Chem_002A/UCD_Chem_2A/Text/Unit_I%3A_Atomic_Theory_and_Chemical_Compounds/3%3A_Chemical_Compounds/3.1a%3A_Chemical_Compounds

Lién két trong tinh thé ion

Trong céc tinh thé ion, cAc nguyén tit hay phan ti khong ton tai doc lap ma két hop véi nhau nho lien
két ion, 1a loai lién két duge hinh thanh gitta nhitng ion mang dién tich trai dau, tao nén mot mang tinh
thé 6n dinh.

B Cac yéu t6 anh hudng

Do am dién clia cdc nguyén t6 c6 anh hudng 16n dén lien két gitta cAc ion mang dién tich trai dau.
Nhitng nguyén t6 ¢6 su chénh lech do am dien (hiéu do am dién) 16n sé tao lien két ion manh mé hon.
Vi du: Céc phan tit dugce tao nén béi kim loai kiém hay kiém thé véi nhém halogen:

NaCl, BaCl,, NaF...

Ti 1é ban kinh cac ion clia cac ion trong mang tinh thé c6 anh hudng to 16n dén do on dinh, cach sép
xép va tinh chat vat Iy ctia tinh. Su chénh léch 16n c¢6 thé dan dén sy thay doi vé kich thude khoang
tréng, tinh chat vat Iy va do on dinh c6 sdp xép clia cac ion trong mang tinh thé.

Vi du: Khi ti 1é ban kinh cation - anion cao (trén 0.732), trong cic halide cesium, mot cau tric tinh thé
khéac dugce goi 1a cau tric cesium chloride tré nén 6n dinh hon. Khi ty 1é ban kinh cation - anion nhé hon
0.414, cau trac zinc blende (hay sphalerite) hinh thanh.(Oxtoby et al., 2008)

Luu y

Cac hop chit ion thudng c6 tinh gidn, diém néng chiy cao va cach dién tét. Tuy nhién, khi dudc nung &
nhiét dd cao, cac luc tinh dién giita cac ion bi pha v3, lam cho céac ion c¢é thé di chuyén va chuyén thanh
dang 18ng, tir d6 cho phép céc hop chit ion din dién khi néng chay.
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Hinh 3.9. Vi tri cia céc ion trong mét 6 don vi cia mang tinh thé NaCl.
(Mau vang: Na™; Mau luc: CI7).
(Ngudn anh: Material Project)
Vi du: NaCl dugc tao nén tit nhitng khéi lap phuong tam dién ctia ion Nat va Cl™ véi vi tri ting loai

dugc sap xen ké nhau va cach nhau mot nita do dai 6 mang theo cac phuong vudng géc véi nhau, sao cho


https://next-gen.materialsproject.org/materials/mp-22862?formula=NaCl

cac ion Na™ nam tai tam cac canh ctia mang ion C1~ va ngudc lai (Hinh 3.9). Nho vao sy sip xép nay,
gitta cac ion Cl~ sé xuat hién 16 trong bat dién dugce tao bdi 6 ion Cl™, trong dé 3 ion nam trén maot 16p
va 3 ion nam trén 16p ké can, tao thanh hinh bat dien déu. Khi d6 cac ion Na chiém toan bo céc 16 hong

bat dién nay, tao nén cau tric tinh thé NaCl bén vitng.

B CsClI

Hinh 3.10. Vi trf clia c4c ion trong mdt & don vi clia mang tinh thé CsCl.

(Mau tim: Cs™; Mau luc: CI7).

(Ngudn anh: Material Project)
Vi du: CsCl (Hinh 3.10) ¢6 cau triic lap phuong don gidn véi ion Cs™ nam & tam hodc theo cach tuong
tu cac ion Cs™ ciing tao thanh mang lap phuong don gian véi ion C1~ & tam. Nhd vao cach sip xép nay
dong thoi tao nén 16 tréng lap phuong v6i 8 dinh ciia hinh 1ap phuong 1a 8 ion Cs™ va ion C1™ chiém 16
hong nay, tao nén cau tric tinh thé CsCl. Trong dé ban kinh trung binh ciia ion C1~ bing khoang 0,83
lan so v6i ion Cs™ (lan lugt 1a 167 pm va 202 pm), nhung khodng cach giita cac ion trong tinh thé CsCl
12 356 pm, nhé hon khoang 3,5% so vé6i tong ban kinh ion trung binh.


https://next-gen.materialsproject.org/materials/mp-22865?formula=CsCl

B ZnS

{ s

Hinh 3.11. Vj tri cla cic ion trong mét 6 don vi clia mang tinh thé ZnS (Sphalerite).
(Mau xdm: Zn*T; Mau vang: S?7).
(Ngudn anh: Material Project)

Vi du: Dang pho bién nhat ctia quang kém (zinc blende) hay con goi la sphalerite c6 cau tric hinh hoc
vé co ban gidng kim cuong véi cac 16p xen ké gitta ion Zn®* v S*7. Nhu hinh 3.9, su sip xép ciia 2 ion
Zn*" & tam hai mat beén lién ké nhau véi 1 ion Zn*" nam & goc xen giita thudc 16p trén cing hay dudi
cing va Zn?' § tam ctia mit d6 sé tao nén 4 dinh ctia mot hinh t¢ dién, tao nén 16 tréng tit dien véi S2-
nim trong 16 hong d6. Trong khi ldp lai cAu tric nay tao nén mang lap phuong tam dién va hoa hoc dinh
lugng yéu cau mot nita s6 16 hong nay phai duge chiém béi ion va s6 16 duge va khong duge chiém phai

dugce siap xép xen ké nhau.

Hinh 3.12. Vi tri clia cic ion trong mét 6 don vi cha mang tinh thé& ZnS (Whurtzite).
(Ngudn anh: Wikimedia Commons)
Dang wurtzite ctia ZnS hiém hon nhiéu so véi dang sphalerite va duge hinh thanh 6 nhiét do cao hon.
Trong cau triic nay, cac ion Zn*" va ion S* xép theo kiéu luc phuong xép chit (cac nguyen tit/ion duoc
s&p xép sat khit nhau nhat cé thé, theo dang luc phuong.), ti lé Zn*" : S~ 1a 1:1 tao nén céc 16 trong tit
dién bdi c 2 loai ion nhu hinh véi mot nita s6 16 trong dude chiém bdi loai ion con lai theo héa hoc dinh
lugng (hinh 3.10) tuong tu nhu trong sphalerite.


https://next-gen.materialsproject.org/materials/mp-10695?formula=ZnS
https://commons.wikimedia.org/wiki/File:Wurtzite_polyhedra.png

B Phan bon héa hoc

PR Khai niém
Trong canh tac nong nghiép, phan bén dude st dung nhu mot bien phép ki thuat nham bo sung cac
nguyeén té6 khoang can thiét cho cay trong trong nhitng truong hop dat khong dap ting da nhu cau dinh
dudng ty nhién. Viéc b sung phan bon gitp duy tri qua trinh sinh truéng 6n dinh va ddm bio niang
suat cay trong theo muc tiéu san xuat.
Bén canh tic dong tryc tiép lén cay, phan bén con anh hudng dén tinh chat ciia dat nhu do phi nhiéu,
pH, kha ning git nuéc va kha nang cung cap dinh dudng lau dai. Ty theo loai cay, giai doan sinh
trudng va dieu kién canh tac, viéc sit dung phan bén hop 1y géop phan nang cao chat luong nong san va
hiéu qua st dung dat.
Cac nguyeén t6 dinh dudng thiét yéu cho cay trong thuong duge phan thanh ba nhém:

e Nhom nguyeén t6 da lugng: N, P, K;
e Nhom nguyeén t6 trung lugng: Mg, Ca, S, Si, ...;

e Nhom nguyeén t6 vi lugng: B, Cu, Cl, Mo, Fe, Mn, Zn, Se, ...
YA Phan loai

B Theo ngudn gbc phan bén

Phan bén duge chia thanh 2 loai:

- Phan bén héa hoc (con goi 1a phan vo co hodc phan khodng) 1a cac loai phan cung cap tryc tiép cac
nguyén t6 dinh dudng khoang cho cay trong, chii yéu la nitrogen, phosphorus va potassium. Nhém nay
bao gom céc loai phan don nhu phan dam, phan lan, phan kali, cting véi cac loai phan trung lugng va vi
lugng.

- Phan bén hitu co ¢6 nguon goc tit vat lieu hitu co tir nhién va dude chia thanh ba loai:

e Phan hitu co truyén théng: duge san xudt tit chat thai ctia ngudi, dong vat hodac phu pham nong
nghiép thong qua qua trinh 0 ty nhién.

e Phan hitu co sinh hoc: duge tao ra tit nguyén liéu hitu co ¢6 syt tham gia ctia vi sinh vat ¢6 ich hodc

cac tac nhan sinh hoc trong qua trinh xit 1y.

e Phan hitu co khoang: 14 san pham két hgp giita nguyén liéu hitu co va cac thanh phan dinh dudng
khoang, trong do6 c6 it nhat mot nguyéen té da luong.

B Theo chéit dinh dudng

C6 thé chia cac loai phan don va phan kép.

- Phan don chita mot nguyén t6 dinh dudng 6 mot dang hgp chat. Vi du: phan dam nitrate, phan urea,
phan superphosphate, phan kali.

- Phan kép 1a phan boén chita 2 nguyén t6 dinh duéng khac nhau tré lén dudi dang phan phiic hgp do cac
phan tng tao ra hay do tron lan mot vai loai phan, duge phan hon hgp. Vi du: phan tron NPK, phan



monoammonium phosphate (MAP), phan diammonium phosphate (DAP), phan triammonium
phosphate (TAP) .

Phan da lugng

Phan da lugng 14 nhém phan boén trong dé c6 chita it nhat mot nguyén t6 dinh dudng da lugng, bao gom
nitrogen, phosphorus hoic potassium. Day 14 nhoém phan bén c6 vai trd quan trong nhat doi véi sinh

truéng va nang suat cay trong.

B Phan dam

Phan dam 14 nhém phan bén v6 cd cung cap nitrogen cho cay trong, chii yéu dudi dang ion NH, ™ hosc
NOs3™,

Nitrogen la thanh phan ciu tao clia protein, diép luc va nhiéu hop chat hitu co quan trong trong té bao
thie vat. Khi duge cung cap day du dam, cay thuong sinh truéng manh vé than va 14, tang cuong kha
ning quang hgp va phét trién nhanh trong giai doan sinh truéng sinh dudng.

Tuy nhién, lugng phan dam can duge diéu chinh phit hgp véi ting loai cay. Viec bon thita nitrogen cé thé
lam cay phat trién mat can doi, than 14 yéu va dé bi sau bénh tan cong. Ngugc lai, khi thiéu nitrogen,
cay sinh truéng cham, 14 mat mau xanh, dic biét cac la gia ¢ phia dudi dé chuyén sang mau vang.

Do dinh dudng ctia phan dam duge danh gia thong qua ham lugng nitrogen c¢é trong phan bon.

Vi du, v6i mot loai phan dam chita 69,96% NH,NO; theo khdi lugng, do dinh dudng duge xac dinh nhu
sau:

NH4NO3 +—— 2N
80 +— 28
69,96% «— 7

2-14
Do dinh dudng = 69, 96% -

~ 24,49%

1. Phan dam ammonium
Céc loai phan dam ammonium thuong giap gom NH,Cl, NHyNOj3 va (NHy)»SO,. Nhém phan nay
thuong dugc san xuat thong qua phan ng trung hoa gitta ammonia va céc dung dich acid tuong
ing.

2. Phan dam nitrate
Phan dam nitrate thuong gap 13 Ca(NOjz)s, NaNOjz, KNOg,... Cac loai phan nay thuong duge diéu

ché bang cach cho mudi carbonate phan ting v6i dung dich nitric acid.
C&COg +2 HN03 — Ca(N03)2 + COQ + HQO

3. Phan urea
Phan urea (hay phan lanh) ¢6 cong thic héa hoc 1a CO(NHy)y (carbonyl diamide). Day 1a loai
phan dam c6 do dinh dudng cao nhat (khoang 46,67%)
Phan urea dugc diéu ché bang phan ting gitta khi ammonia va khi carbon dioxide & diéu kién thich
hop.



200 °, 200 atm

2 NH; + CO, CO(NH,)s + H,0

B Phin lan

Phan lan 1a nhém phan bén vo co cung cap phosphorus cho cay trong dudi dang céc ion phosphate.
Phosphorus tham gia vio cac qué trinh trao ddi nang luong va tong hgp céc hop chét sinh hoc quan
trong trong cay.

Viéc cung cap day du phosphorus gitip cay phat trién bo ré khoe, tang kha niang bam dat va thic day
qua trinh ra hoa, két qua. Khi thiéu phosphorus, cay sinh trudng cham, 14 c¢6 mau xanh dam bat thudng
va quéa trinh chin bi kéo dai.

D6 dinh dudng ctia phan lan duge biéu thi thong qua phan tram khéi lugng ciia P2Os.

Vi du, v6i phan lan chia 53,94% Ca(HaPOy)s, do dinh dudng duge tinh nhu sau:

C&(H2P04>2 — PQO5
234 +—— 142
53,94% +— 7

142
Do dinh dudng = 53, 94% - 234 ~ 32, 73%

1. Phan superphosphate don
Phan superphosphate don thuong c6 do dinh dudng 1& 14-20% va c6 thanh phan chinh I3
Ca(HyPOy4)s v CaSOy. Loai phan nay duge diéu ché bang cach cho quing apatite hogc
phosphorite phan tng véi dung dich HySO4 dic.

Cag(PO4)2 + 2 HQSO4(déC) > Ca(HgPO4)2 + 2 CaS0,

2. Phan superphosphate kép
Phan superphosphate kép thuong c¢6 do dinh dudng 13 40-50% va c6 thanh phan chinh 1
Ca(H,POy)s. Loai phan nay duge dicu ché bang cach cho quing apatite hodc phosphorite phan ting
v6i dung dich HySO4 déic theo 2 giai doan (nén duge goi la "kép").

Ca3<PO4)2 + 3 HgSO4(daC) — 2 H3PO4 + 3 C&SO4
Cag(PO4)2 + 4H3PO4 — 3 Ca(HQPO4)2

B Phan kali

Phan kali (hay phan potash hodc potassic) cung cap potassium cho cay trong duéi dang ion K*.
Potassium déng vai tro diéu hoa nudc, tang cuong do bén clia mo thuyc vat va cai thien kha ning chéng
chiu ctia cay trude cac dieu kieén bat loi.

Khi duge cung cap day du potassium, cay thuong c6 than ciing, hat chic va chat lugng nong san duge
cai thien. Ngudc lai, thiéu potassium cé thé lam 14 bi kho mép va gidm kha nang sinh truéng.

D6 dinh dudng ctia phan kali duge tinh theo phan tram khéi lugng ctia K,O.

Vi du, v6i phan chia 75,57% KCI:



2 KCl +— K5O
149 +— 94
75.57T% +— 7

bo dinh duéng = 75,57% - ~ 47,68%

2-74,5
B Phan hon hap

Phan hon hop chita dong thoi 3 nguyen t6 dinh dudng nitrogen, phosphorus va potassium nén con goi 1a
phan NPK. Loai phan nay thu duge khi tron céac loai phan da lugng véi nhau.
Mot trong nhitng loai phan NPK pho bién 1a nitrophoska gom hén hgp (NH,),HPO, va KNO;

B Phan phdc hgp

Phan phtic hop gom mudi ctia ammonium NH, ™ véi cac ion phosphate H,PO, , HPO,?™ va PO,® . Loai

phan nay thu duge khi cho ammonia phan tng v6i phosphoric acid.

NH3 aF H3P04 S NH4H2PO4
2 NH; + H;P0, — (NH,),HPO,
3 NH3 + H3PO4 — (NH4>3PO4
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1. Phan dng xay ra khi tao:

- Két tha

- Khi

- Chét dién li yéu (nuéc, acid yéu, base yéu,...)

2. Acid manh day acid yéu khdi mubi, base manh day base yéu khdi mubi.

3. Oxide kim loai hoat déng manh -> tinh base manh, oxide phi kim hod tri cao -> tinh acid manh.
4. Céc hop chét ludng tinh (Al,03, AI(OH)3, ZnO, Zn(OH),,...) tiép tuc tan néu trong phan dng, base
phan ing du.

5. Nhé cac diéu kién phan ting (nhiét do, xic tac, chit phan ting du,...)

6. Xét tinh tan clia cic hop chit dé dua ra phan dng phi hop.



n Héa hoc trong thuc tién

Hién tudgng mua acid va tac déng héa hoc dén méi trudng

Mua acid 1d mot hien tuong moi trudng pho bién tai cac khu vuc do thi va cong nghiép, cé lien quan tryc
tiép dén cac hop chat vo co ctia luu huynh va nitrogen trong khi quyén. Vé ban chat hoéa hoc, mua acid
14 hién tuong nuéc mua c6 do pH thap hon binh thuong do hoa tan cic acidic oxide trong khong khi.
Trong diéu kién tir nhién, nuéec mua luon hoa tan mot luong nhé khi CO, trong khong khi, tao thanh

carbonic yéu:
CO3 + H,O &= HyCOg3

Tuy nhién, tai cac khu vite do thi va cong nghiép, khi thai chita nhiéu oxide acid nhu SOy va NO, sinh ra
ti qua trinh dot than d4, dau mo va nhién liéu hoa thach. Cac khi ndy tham gia phan ting trong khi

quyén, tao thanh céac acid manh, lam pH nuéc mua gidam dang ké, hinh thanh hién tugng mua acid.
1. Su hinh thanh sulfuric acid:
SO, + H,O = H,S03

2805 + Oy & 5504
SO3 + H,O —— HySO4

2. Su hinh thanh nitric acid:
4NOg + 2H50 + O3 — 4HNO;

Hau qua ctia mua acid thé hién ré trén nhiéu phuong dién:
e Déi v6i dat: mua acid lam tang nong do ion HT trong dat, gay rita troi cac ion dinh duéng nhu
Ca**, Mg**, KT dong thoi giai phong ion AI*" gay doc cho ré cay.
Al(OH)3 + 3HT — AP*T + 3H,0
e D6i v6i cong trinh kién tric: cac vat licu chita CaCO3 nhu da voi, da hoa bi an mon do phan tng
véi acid.
CaCO3 4+ 2HT — Ca’" + CO, + Hy,0

e DA4i vdi hée sinh thai nude: pH nuée ao ho gidm gay anh hudng dén ca va sinh vat thiy sinh.

(WAl C6 dinh dam — vai trd cia hop chéit nitd trong tu nhién va san xujt

Nitrogen 1a nguyeén t6 thiét yéu doi véi st song, tuy nhién nitrogen phan tit Ny trong khong khi c6 tinh
tro cao nén thuc vat khong thé hap thu truc tiép. Qua trinh c6 dinh dam la qué trinh chuyén nitrogen tit
dang tu do trong khi quyén sang céc hop chat chia nitrogen ma sinh vat c6 thé sit dung.

Trong tu nhién, vi khuan ¢ dinh dam (dic biét 1a vi khuan cong sinh trong 1é& cay ho dau) c¢6 kha nang
chuyén N, thanh cac hop chat ammonia. Trong cong nghiép, con ngudi da khai thac nguyen Iy nay dé

tong hop ammonia, lam nguyén liéu san xuat phan dam phuc vu néng nghiep.



1. Cb dinh dam trong tu nhién
Mot s6 vi khuan (ddc bigt 1a vi khuan cong sinh trong ré cay ho dau) c¢6 kha nang chuyén N, thanh

cac hgp chat ammonia nhd enzyme diic biét trong té bao.

Qua trinh ¢6 dinh dam sinh hoc do enzyme nitrogenase xtc tac. Nguon hydrogen thiic té cung cap
cho phan ting 1a cac ion proton (H*) va electron (e”) lay tit cac qua trinh chuyén héa noi bao
(thong qua céc chat khit nhw NADPH, Ferredoxin), chtt khong phai tir khi Ho.

Enzyme nitrogenase

N2 > 2 NH3

Ammonia sau d6 chuyén thanh ion ammonium:
NH; + H,O 2 NH,* + OH~

Ton NH," 1a dang ma cay trong c6 thé hap thu N.

2. Cb dinh dam trong céng nghiép:
Qua trinh Haber (Haber-Bosch) 1a phuong phép cong nghiép tong hgp ammonia (N Hs) tit Khi
Nitrogen (N,) va Khi Hydrohen (H,) trong cong nghiép.
Hon hop nitrogen va hydrogen (ti 1&¢ mol 1 : 3) dugc nén & ap suat cao va dua vao thap tong hgp
ammonia trong diéu kién nhiet do cao (400-500°C), &p suat cao (150-300 atm) va chat xtc tac
thich hop nhu Fe.

Hén hop khi di ra tit thap tong hop gom N,, Hy, v NHs dude dan dén thap lam lanh. 0 day, NHjs
hoa 16ng va duge tach rieng, con hén hop khi Ny va Hy chua phan tng dude dua trd lai thap tong
hop.

Khi tong hop

Tong hgp amoniac Hei meée
Mdy lilm nong =
z

Budng lim mat

T] il Y Ny Hs HH,

T Chit xic tc
» 450 °C
» 300 bar

7 i

Tu dién

----------

GRS,

; B T ]

..........

Ammoniac

[hguidel

Hinh 6.1. Quy trinh Haber - Bosch
(Ngudn anh: Phién dich tir Wikimedia Commons)

C6 dinh dam c6 ¥ nghia quan trong trong cung cap nguon nitrogen cho cay trong; tang ning suat nong

nghiép va déng vai tro trung gian trong chu trinh nitrogen ctia tu nhién.


https://commons.wikimedia.org/wiki/File:Haber-Bosch-tr.svg

M& rong - Héa hoc két hop véi linh vuc khac

/&M Sinh hoc

Hé dem pH trong co thé ngusi va vai tro clia can bang acid-base

Trong co thé ngudi, cac phan tng sinh héa dién ra lien tuc va phiic tap, doi héi moi truong bén trong
phai dugc duy tri tuong déi on dinh. Mot trong nhing yéu t6 quan trong nhat quyét dinh sy on dinh dé6
la do pH ctia céac dich co the, diic biet 1a mau. Vé ban chat, viec duy tri pH on dinh trong co thé 1a mot

qua trinh diéu hoa acid-base, trong d6 hé dém héa hoc déng vai tro trung tam

1. Tam quan trong ciia pH dbi véi hoat dong séng
pH clia mau ngudi khde manh duge duy tri trong khoang 7,35 — 7,45, titc 1a moi truong kiém nhe.

Sy 6n dinh nay c6 ¥ nghia séng con vi:

+ Hoat tinh clia enzyme phu thuoc rat manh vao pH; chi can pH thay déi nhd ciing c¢6 thé lam

enzyme giam hodc mat hoat tinh.
+ Cau tric clia protein va mang té bao bi &nh huéng bdi nong do ion H" trong moi trusng.

+ Céc phén ting trao doi chat (ho hap, chuyén héa nang lugng, tong hop chat) chi dién ra binh
thuong trong khoang pH hep.
Néu pH mau léch khéi gidi han cho phép, co thé c6 thé roi vao trang théi toan hoa (acidose) hoic

kiem hoa (alkalose), gay roi loan nghiém trong céc chiic nang sinh ly.

2. Khai niém hé dém va nguyén ly hoat dong
Trong héa hoc, hé dém la mot dung dich c6 kha nang khong thay doi pH khi them mot lugng nhé

acid hoac base. Vé ban chat, hé dem gom:
+ Mot acid yéu va base lien hop ctia no
+ Hodc mot base yéu va acid lien hop ctia no

Nguyén 1y hoat dong ciia hé dem duya trén can bang héa hoc thuan nghich, trong dé cac thanh
phan ciia hé dem c6 kha ning giit ion H" hodc OH ™ sinh ra, tit d6 han ché sy bién d6i pH ctia moi
truong.

HA =@ H"+ A
BOH =2 B" + OH

3. Khai niém hé dém va nguyén ly hoat dong
Trong co thé ngusi, he dém bicarbonate (HyCOs /HCO3 ") la hé dém chu yéu va hieu qua nhat

trong viéc diéu hoa pH mau. Hé dém nay gom:
+ Carbonic acid H,CO3 - mot acid yéu
+ Ion bicarbonate HCO3 - base lién hop ctia HyCOg

CO, + H,0 2 HyCO3 =2 HY + HCO3~



Co ché diéu hoa pH ctia hé dem bicarbonate c6 thé giai thich theo nguyén 1i Le Chalier nhu sau:

+ Khi moi trudng mau tang tinh acid (nong do H tang), ion HCO3 ™ sé& két hop v6i H+ tao thanh
H>COg3, lam giam lugng ion H+ tir do.

+ Khi moi truong mau tang tinh base (giam HT), HyCO3 phan li tao H™ dé bu lai, han ché sy tang
pH.

Nho d6, pH méu chi dao dong trong giéi han rat hep dit co thé lien tuc sinh ra acid trong qué trinh
trao doi chat.

Nong nghiép

1. Dat chua/dat phen
Dat chua 1a dat ¢6 pH thap (thuong < 5,5). Trong moi trudng do:

+ Nong do H cao

+ Nhiéu ion kim loai nhu AI**, Fe*" tan nhiéu hon va gay doc cho ré.

+ Vi sinh vat c6 ich bi tic ché, cay khé hap thu dinh dudng (dac biet P, Ca, Mg).
2. Bén véi: co ché trung hoa va khit doc AIPT

Céc chat “voi” dung céi tao dat thuong gom CaCOs (da voi), CaO (voi song), Ca(OH), (voi toi).
Trong d6, CaCO5 pho bién vi an toan va bén.

Trung hoa tinh chua:
CaCO3 42 Ht — Ca2+ e COQ + H5,O
O pH théap, Al*"tan nhidu, gay tc ché ré. Khi pH tang nho bén voi, APt két tia dang hydroxide:

AT + 30H™ —— Al(OH);

MGi truong

Trong xit 1§ nude thai sinh hoat va cong nghiep, pH 1a mot thong s6 héa hoc quan trong can duge kiém
soat. Nudc thai co thé mang tinh acid hosic base manh, gay anh hudng dén hé sinh thai vi cong trinh xt
Iy.
Vé nguyeén tac, nude thai thuong duge trung hoa pH trude khi thai ra moi truong.

H+ + OH — HQO

Ngoai ra, nhiéu ion kim loai ning chi két ttia  mot khoang pH nhat dinh, do dé viéc diéu chinh pH gitp

loai bo cac chat doc hai.

Fe*™ +30H —— Fe(OH)s
Fe?* +20H —— Fe(OH),



Nhiéu tap chat ton tai dudi dang hat keo kich thudc rat nho (dat sét, chat hitu co, hydroxide kim loai
min. .. ), mang dién tich nén kho tu 1ang. Dé loai bo cac hat nay, ngudi ta sit dung chat keo tu (thudng la
mudi nhom hogic mudi sit). Ban chit ciia qua trinh keo tu — tao bong 1a thity phan ion kim loai tao két
tlia hydroxide dang keo, c6 kha nang hap phu va kéo theo céc hat keo khac, lam ching két dinh thanh

cac bong can 16n va dé lang.

APt 4+ 3H,0 — Al(OH)3 + 3H*
HJr + HCOP; — COQ + HQO

Qué trinh keo tu — tao bong xdy ra hi¢u qua nhat trong khoang pH trung tinh hoac hoi acid (khoang
6-8). Néu nudc thiéu ion HCO3 (do kiem thap), can bd sung voi hodc base dé ddm bao qua trinh thiy

phan va tao két tlia dién ra hoan toan.

Cong nghiép

Cac hgp chat vo co gift vai tro nén tang trong nhiéu nganh cong nghiép:

- Oxide kim loai dugc stt dung trong san xuat vat lieu xay dung, gom s, chat xuc tac. Vi du:

+ Fey03, FesOy4: quing sit, nén tang san xuat gang—thép.

+ Al,O3: vat lieu chiu nhiét, gom ki thuat, 16p oxide bao vé nhom khéi an mon sau.

+ TiO,: chét tao trang trong son, nhita, my pham (tinh tro va bén).

- Acid c6 tinh #n mon manh dude dung trong luyén kim, tay rita kim loai, san xuat phan bén. Vi du:
HCl, H,SO,4, HNO3

- Base duge ting dung trong san xuét xa phong, chat tay rita, xit Iy nuée va cong nghiep gidy. Vi du:
NaOH, KOH dugc dung dé thiiy phan x& phong tao nén glycerol va mudi ciia acid béo, thanh phan
chinh trong xa phong



BEN 52 vp
Cau 1: Bai tap téng hap

B Dé bai
Trong thitc t& mudi Mohr duge tao thanh tit hén hop cting s6 mol FeSO, - 7 HyO va (NHy)2SO, khan
theo phuong trinh héa hoc sau:

FGSO4 . 7H20 + (NH4>QSO4 — FeSO4 . (NH4>QSO4 -6 HQO + HQO

Dé xé4c dinh ham lugng Fe?t trong mau mudi Mohr (cé cong thiic FeSOy - (NH,)2SO, - 6 Ho0) ngusi ta
tién hanh thi nghiém nhu sau: Can 5,000 g mudi roi hoa tan vao nudc, theém tiép 5 mL dung dich H,SO,
20%, thém nudc cat vao dé dinh miic duge 20 OmL dung dich X (6 hiéu la dung dich X). Lay 10 mL
dung dich X dem chuan do biang dung dich KMnO,4 0,02M thi thay hét 5 mL.

Cho céc phat biéu sau:

1. Phuong trinh phan @ng chuan do:

6 FeSO4 + 2 KMnOy4 +4H,SO4 —— 3 FGQ(SO4)3 + K5SO4 + 2MnO, + 4 H,0O

2. Thoi diem két thiic chuan do 1a lic dung dich xuat hién mau hong 6n dinh khoang 20 giay.

3. Khi hoa tan mu6i Mohr trong nude sé cho moi trusng acid.

4. Ham luong Fe trong mau muodi Mohr dem phan tich & trén 1a 1,12%.

5. Tt m gam mudi FeSOy - 7H,0 can thiét dé tao thanh dung dich mudi Mohr bao hoa & 80°C, sau khi
lam ngudi dung dich nay xudng 20°C dé thu duge 100g mudi Mohr tinh thé va dung dich bao hoa. Trong
qué trinh, thé tich nudc bay hoi khong dang ké. Cho do tan ctia mudi Mohr ¢ 20°C 1a 26,9¢/ 100g H,O
va ¢ 80°C 1a 73,0g/ 100g . Sau khi tinh to4n, ban hoc sinh tim duge m xap xi 112,3. (lam tron dén hang
phan mudi).

C6 bao nhiéu phat biéu ding trong sé cac phat biéu trén?
W Bai giai
1. Vi trong méi truong acid nén sau phan tng MnO, sé chuyén thanh MnSO, nén phuong trinh phan
ting phai la
10 FGSO4 +2 KMHO4 +8 HQSO4 —5 FGQ(SO4)3 + KQSO4 + 2 MHSO4 + 8 HQO

Nhan dinh nay la sai.
2. Nhan dinh nay la dang.
3. Khi hoa tan mudi Mohr vao nude (NH4)2SO,4 phan li theo hai phuong trinh sau:

(NH,)2S0, — 2NH, " (ag)+ SO? (aq)
NH,;*(ag) + H,O = NH3(aq) + H30" (aq)

Phuong trinh trén cho thay trong qua trinh phan li c6 H3O™ tao thanh, do NH,* 1a mot acid yéu va c6
kha ning cho H™ nén tao thanh H;O™, lam tiang nong do H' trong nuéc dan dén dung dich c6 moi

truong acid. Vi vay nhan dinh trén la dang.



4.

Phan tng chuan do trong moi truong axit:
10 FQSO4 +2 KMHO4 +8 HQSO4 —5 FGQ(SO4)3 + KQSO4 +2 MHSO4 + 8 HQO

S6 mol KMnO, da dung:
nxamo, = 0,02 x 0,005 = 1,0 x 10~* mol
Theo ti Ié phan ting:
Nt = 5 X Mo, = 5,0 x 107" mol
(lugng Fe?T ¢6 trong 10 mL dung dich X)
Dung dich X c6 thé tich 200 mL, do dé tong s6 mol Fe** trong dung dich la:

npe2+ = 20 X 5,0 x 107* = 0,01 mol

Khéi lugng Fe trong mau:
mpe = 0,01 X 55,85 = 0,5585 g

Ham lugng Fe trong mau mudi Mohr:
0,5585

Fe =
Tl 5.000

x 100% ~ 11,17%

Vay phét biéu (4) la sai.
5. Goi m (g) 1a khéi lugng FeSOy - TH,0 dem ding dé tao dung dich mudi Mohr bao hoa 6 80°C. Gia st
lugng nuée bay hoi khong dang ké.

Do tan ctia mudi Mohr:
380°C: 73,0g/100g H,0

4 20°C: 26,9g/100g H,O

Goi mp,o (g) 1a khéi lugng nuée trong dung dich.
Tai 80°C: Khdi lugng mudi Mohr hoa tan:

mgo = 0,73 m,0
Tai 20°C: Khdi lugng mudi Mohr con hoa tan:

mao = 0,269 my,0
Luong mudi Mohr két tinh:

My tinn = Mso — Mao = (0,73 — 0,269)mu,0 = 0,461 my,o
Theo dé bai, khéi lugng tinh thé thu duge 1a 100 g:
0,461 mp,o = 100 = my,0 ~ 216,9g
Khi d6, khéi luong mudi Mohr da hoa tan 6 80°C la:
mgo = 0,73 X 216,9 ~ 158,3 g

Do mudi Mohr dudgc tao thanh tit FeSO, - 7TH,0 theo ti 1é mol 1 : 1, suy ra khéi lugng FeSO, - 7TH,O ban

dau can dung la:
m=~112,3¢g
Vay gia tri m xap x{ 112,3 g (lam tron dén hang phan mudi). Vay phét biéu (5) 14 diang.

Két luan: vay sd6 nhan dinh diang la 3.



Cau 2: Tinh thé vang

M Dé bai

Céc chéat 6 trang thai rin thudong ton tai ¢ dang tinh thé hoic dang vo dinh hinh. Néu cac nguyen tit
(hay phan t1t hodc ion) ctia chat ran d6 dugde sdp xép mot cach tuan hoan, theo nhitng quy luat nhat
dinh, tao thanh mang lu6i khong gian déu dan thi dugce goi 1a tinh thé. Mot don vi cau tric nho nhat theé
hien duge quy luat sip xép clia cac nguyeén t1t (hay phan tit hodc ion) ctia chat ran duge goi 1a 6 mang co
sd hay té bao don vi.Vang (Au) c6 mang tinh thé lap phuong tam dién duge cho ¢ hinh dudi day (cac
nguyén ti vang duge sdp xép ¢ dinh ctia hinh 1ap phuong va ¢ tam ctia mdi mét lap phuong d6).Cho s6
Avogadro N4 = 6,022.10%; Au = 197 g/mol. Khdi lugng rieng ctia kim loai vang 1a 19,3 g/cm?®.

(b). Ngudn anh: Callister and Reth-
(a). Ngudn anh: Material Project wisch (2018)
Hinh 8.1. CAu tric tinh thé clia Vang (Au) va mé hinh FCC.

(a) Hinh vé 8.1a gitp cdc em hinh dung phan déng gép ctia mdi nguyen tit Au cho 6 mang ma minh
dang xét. Tt d6 hay tinh s6 nguyén ti Au c6 trong 1 6 mang cd s6.

(b) Trén moi mit ctia 6 mang lap phuong nay, doc theo duong chéo 1a cdc nguyen tit Au xép khit (tiép
xtic) nhau (cac em c6 thé quan sat dudng chéo trén mit ctia hinh 2 dé thay dac diém nay). Hay

tinh canh AB cta 6 mang va do dai duong chéo AC theo ban kinh 7 ctia nguyén tit Au.

(c) Tinh do dac khit trong mang tinh thé Au (% thé tich 6 mang dugc chiém bdi caAc nguyeén ti Au) va
ban kinh ctia nguyén tit Au theo don vi m.d. Mai vom Dome of the Rock & Jerusalem c¢6 hinh ban
cau véi duong kinh 21m. Vua Hussein ctia Jordan da tang 80 kg vang dé phii lén mai vom nay. Cho
dién tich toan mat cau 1a S = 4.7.r%; 7 = 3, 14. Tinh do day trung binh ctia 16p vang phi trén méai

vom.
B Bai giai
(Bai 1.2 - Dé thi thit vao 10 lan 8 mon Héa nam 2025 - THPT Chuyén Dai hoc Su pham Ha Noi)

a) Mdi nguyen ti ¢ dinh ctia hinh 1ap phuong déng gép 1/8 con mdi nguyén tit § tam mit déng goép
1/2 nén

S6 nguyeén tit vang c6 trong mdi 6 mang cd sG 1a 8 x % +6 x % =4 (nguyén t1})


https://next-gen.materialsproject.org/materials/mp-81?formula=Au

b) Trén dudng chéo BC' clia mat phang, ta c6 BC = 4r.
Ta c6 2AB? = BC? = AB = 2\/2r
AC? = AB*+ CB? = 8r* + 1612 = AC = 2\/6r
¢) % thé tich 6 mang dugc chiém bdi cdc nguyen ti vang la
4-(4x 2 xmxr3) .
M) 100% = 74, 048%
Xét v6i 1 mol Au ¢6 m = 197 gam, V = 197 : 19,3 = 10, 207 (cm?)
Thé tich clia 1 nguyen tit Au, V = 74,048% x 10,207 : Ny = 1,255 - 10723 cm?
—r=1,44-10"% (cm) = 1,44 - 107'% (m)

d) Thé tich ctia 80kg vang la V = 32X1900 — 4745 08 (cm?)

19,3

Dien tich médi vom la S =1 -4 -7 - 1050 = 6923700 (cm?)

Do day trung binh ctia 16p vang la: g;gg%%% =5,99-107* (cm)
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