Chuyén dé 9.1: Nitrogen va hep chit
CAu tao, cac dang thu hinh, tinh chit vat ly, tinh chat hoé hoc, diéu ché, ung dung, trang théi thién nhién cua
cac don chét va hop chét cua cac nguyén té nhom VA
Phan I: HE THONG LY THUYET CO BAN VA NANG CAO
I. KHAI QUAT VE NHOM NITO
1. Vi tri nhom nltrogen trong bang tuan hoan
Nhém nitrogen gdm cac nguyén to: nitrogen (7N), phosphorus (1sP), arsenic (33As), atimony (s1Sh) va
bismuth (3Bi), moscovium (11sMc). Ching déu thudc cac nguyén t6 p.
2. Tinh chit chung ciia cac nguyén t6 nhém nitrogen
a) Ciu hinh electron nguyén tir
Lép ngoai clng cuia nguyén tir 1a ns® np® (cd 5 electron).
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. 6 trang thai co ban, nguyén tir clia cac nguyén té nhom nitrogen cé 3 electron doc than, do d6 trong mot
sO hop chat chung c6 hoa tri ba.

« Déi voi nguyén tir ciia cac nguyén t6 P, As, Sb va Bi ¢ trang thai kich thich, mgt electron trong cap electron
ctia phan 16p ns c6 thé chuyén sang obitan d trong ctia phan 16p nd.

Nhu vay, ¢ trang thai kich thich nguyén tir ctia cac nguyén td nay co 5 electron doc than nén c6 thé c6 hoa tri
nam trong cac hop chat.

b) Sw bién déi tinh chit ciia cdc don chit

« Su bién doi tinh hod - khir

Trong cac hop chat, cac nguyen t6 nhom nitrogen ¢ sé oxygen hoa cao nhat 13 +5.

Ngoai ra, chiing con c6 cac s oxi hoa -3 oxi va +3. Riéng nguyén tir nitrogen con c6 thém cac sd oxygen hoéa
+1, +2, + 4.

Do kha ning giam va ting sd oxi hoa trong cac phan ting hoa hoc, nén nguyén tir cc nguyén t6 nhom nitrogen
thé hién tinh oxi hoa va tinh Kkhu. Kha nang oxi hoa giam dan tir N dén Bi, pht hop voi chiéu giam do 4m dién
cua nguyén tur cac nguyén t6 trong nhom.

* Tinh kim loai - phi kim

Di tir nitrogen dén bismuth, tinh phi kim ciia cac nguyén t6 giam dan, dong thoi tinh kim loai ting dan.
Nitrogen, phosphorus 1a cac phi kim. Asen thé hién tinh phi kim tréi hon tinh kim loai, Antimon thé hién tinh
kim loai va tinh phi kim & mac do gén nhu nhau, con bitmut tinh kim loai trdi hon tinh phi kim.

¢) Sw bién déi tinh chdt cia cdc hop chat

« Hop nhét véi hydrogen Tt ca cac nguyén t6 nhom nitrogen déu tao dwoc hop chét khi véi hydrogen
(hidride), c6 cong thirc chung 1a RHs. P9 bén nhiét cta cac hidride giam dan tir NHz dén BiHs. Dung dich
cua chung khong co tinh Acid.

* Oxide va hydroxide

Tur N dén Bi, tinh Acid ctia cac oxide va hydroxide twong tmg gidm dan dong thoi tinh base cua chung tang
dan. Do bén cua cac hop chit véi s6 oxi hoa +3 tang. con do bén cuia cac hop chat véi sd oxi hoé +5 néi chung
giam. Cac oxide cua nitrogen va phosphorus véi so6 oxygen hod +5 (N20, P20) la oxide Acid, hydroxide cta
ching 1a cac Acid (HNOs, HsPO4). Trong cac oxide voi sb oxygen hoé +3 thi AszOs la oxide ludng tinh, tinh
Acid troi hon tinh base, Sb203 la oxide ludng tinh, tinh base trdi hon tinh Acid, con Bi2Os, 1a oxide base, tan
dé dang trong dung dich Acid va hau nhu khong tan trong dung dich kiém.

1. NITROGEN
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1. C4u tao phin tir

Nguyén tir nitrogen c6 cau hinh electron:1s°2s°2p°, phan 16p ngoai cing c6 3 electron doc than. Hai nguyén

ttr nitrogen lién két v6i nhau bang ba lién két cong hoa tri khong cd cuc, tao thanh phan tir N.

Cong thtrc electron Cong thirc Lewis Cong thtc cau tao Cong thtric phan tir
‘N::N: :N° N: N° N N2

. . . 15
Nguyén t nitrogen trong tu nhién 1a hdn hop hai dong vi 3*N (99,63%) va 7 N (0,37%)

2. Tinh chit vat li
O diéu kién thudng, nitrogen 1a chét khi khong mau, khong mui, khong vi, hoi nhe hon khéng khi, hoa 1ong
& - 196°C, hoa ran & - 210°C, rét it tan trong nudc, (¢ nhiét do thuong, 1 lit nude hoa tan dugce 0,015 lit khi
nitrogen). Nitrogen khong duy tri su chay va su ho hap.
3. Tinh chit héa hoc
« Vi ¢6 lién két ba v6i nang luong lién két 16n (En=n = 946 kJ/mol) nén phan tir nitrogen rat bén, chi & nhiét
dd cao mai phan li thanh nguyén tir. Do vay, ¢ nhiét d6 thuong, nitrogen kha tro vé mit hoa hoc, nhung &
nhiét do cao, nitrogen tré nén hoat dong hon va co6 thé tac dung voi nhiéu chat.
« Tuy thudc vao ban chét phan tmg ma nitrogen thé hién tinh oxi hoa hay tinh khir.
Tuy nhién, tinh oxi hoa van trdi hon tinh khur.
a) Tinh oxi hoa
* Tac dung voi hydrogen
O nhiét do cao (trén 400°C), ap suat cao va co chat xdic tac, nitrogen tac dung truc tiép voi hydrogen tao ra
khi ammonia.

N, +3H, === 2NH, AH =-92kJ

* Tac dung v6i kim loai
O nhiét @6 thuong, nitrogen chi tac dung vai Lithium

6Li+ N, — 2Li,N
7 Lithium nitride
O nhiét do cao, nitrogen tac dung v4i mot s6 kim loai nhu Ca, Mg, Al, ..

3Mg+ N, —2€ 5 Mg;,N,

magnesium nitride
2Al+N, —"2AIN
7 aluminium nitride

Céc nitride kim loai 1a nhirng tinh thé ion, bi thity phan hoan toan giai phéng NHs

AIN +3H,0 — AI(OH),¥ +NH,

Mg,N, +6H,0 — 3Mg(OH), ¥ +2NH,
b) Tinh khir ‘ ) ’
O nhiét d6 cao khoang 3000°C (hoac nhiét do cua 10 ho quang dién), nitrogen két hop truc ti€p véi oxygen
tao ra khi NO.

N, + 0, ==—2NO AH = +180kJ
Khi NO khong mau két hop ngay véi oxygen trong khong khi tao ra nitrogen dioxide (NO2) mau nau.

2NO+0, — 2NO,
Céc oxide khac cua nitrogen nhu N,O, N,O,, N,O, khong diéu ché duoc tir phan tng truc tiép gitra nitrogen
va oxygen.
4. Diéu ché
a) Trong phong thi nghiém

NaNO, + NH,Cl—"— NaCl+N, T +2H,0

NH,NO, —“ >N, +2H,0
b) Trong cong nghiép. . )
Trong cong nghi¢p nguoi ta hda 16ng khong khi sau d6 tach N2 ra khoi Oz bang phuong phép chung cat phan
doan.
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I11. HOP CHAT CUA NITROGEN VOI HYDROGEN

1. AMONIA
a) Cau tao phan tir ,
Cong thurc electron Cong thirc Lewis Cong thirc cau tao Cong thtrc phan tir
DN e N - N\ NHs
H T'I" H H / \‘” H / H
H H

Phén tir NHa, ¢6 ciu tao hinh chép, voi nguyén tir nitrogen & dinh, day 1a tam giac ma dinh 13 ba nguyén tir
hydrogen. Ba lién két N-H déu 14 lién két c6 cuc, cac cip electron chung déu léch vé phia nguyén tir nitrogen.
Do do, NHz la phan tir c6 cuec.

G6c HNH = 107°, do dai lién két N - H khoang 0,102 nm.

(Trong phan tir NH3 nguyén tir trung tim N lai héa sp®, phan tir con 1 cdp electron chua lién két, goc lién két
bé hon goc tir dién (108,5°))

b) Tinh chat vat li

« NH3 1a chat khi khéng mau, mui khai va sbc, nhe hon khéng khi nén c6 thé thu NHz bang phuong phép day
khong khi.

« Khi NH3 tan nhiéu trong nude (0 20°C, 1 1it HO hoa tan 800 lit khi NH3).

« Dung dich NH3 ddm dic thuong c6 ndng do 25%.

¢) Tinh chit héa hoc

* Tinh base yéu

- Tac dung v4i nude
Khi tan trong nudc, mot phan nho phan tir NHs két hop véi ion H* ciia nudc, tao thanh ion ammonium NH;

NH,+H,00 NH; +0OH"
Hang s6 phan li cia NH;3 trong nuée ¢ 25°C 1a
NH; || OH"
K, = M =18.10"
[NH,]
Nhu vay, dung dich NH3 co tinh base yéu. Dung dich NHs 1am phenolphthalein tir khéng mau chuyén sang
mau hong, quy tim chuyén sang mau xanh. )
- Tac dung vai Acid NH3 phan tmg véi Acid cho mudi ammonium.
NH,+H" — NH,
NH, (k) + HCI(k) — NH,CI(r) (diing d@é nhén biét khi NH3)
(khoi trang)
2NH, +H,80, —(NH, ), SO, (Ammoniun sulfate: dam I ld)
NH, + HNO, - NH,NO, (Ammoniun nitrate: dam 2 ld)
NH, +CO, +H,0 - NH,HCO, (Ammoniun hydrogen carbonate)
- Tac dung v6i dung dich muéi, ) )
Dung dich NHz c6 kha nang ket tia nhiéu hydroxide kim loai khi tac dung véi dung dich muoi ctia chiing.
AP +3NH, +3H,0 — AI(OH), ¥ +3NH;

Fe* +3NH, +3H,0 — Fe(OH), ¥ +3NH;
*) Khd nang tao phirc ) )
Dung dich NH3 c6 kha nang hoa tan hydroxide hay muoi it tan cua mot so kim loai nhu Ag, Cu, Zn, Co, Cd,
Hg, Ni tao thanh céc dung dich phtrc chat



Cu(OH), +4NH, —[Cu(NH,), " +20H

AgCl+2NH, »>[Ag(NH,), | +CI

2+

Zn(OH), +4NH, —[ Zn(NH,), | +20H"

4

+30H"

6

]
Co(OH), +6NH, —[Co(NH,), T"

2+

+20H"

2+

+20H

Cd(OH), +4NH, —[ Cd(NH

4

)]
Hg(OH), +4NH, — | Hg(NIl,), |
Ni(OH), +6NH, — [ Ni(NH, ), " +20H"
Su hinh thanh céc ion phtre trén 1a do trong phén tir NHs, nitrogen con mot cip electron khong lién két nén
noé dé tao lién két cho — nhan vai obital trong ctia ion kim loai.
*) Tinh khir

4NH, +30, —“ 2N, +6H,0 AH = -1,27.10°kJ
4NH, +50, —5—4NO +6H,0 AH = -907k]

2NH, +3Cu0—"»3Cu+3H,0+N,
2NH, + Fe,0,—% > 2Fe+3H,0 'N,
2NH, +3PbO—"—3Pb+3H,0+N,
Dan khi NH3 vao binh chira khi chlorine, NHs ty bdc chay tao ra ngon ltra ¢6 "khoi" tring.
’ 2NHz + 3Cl2 — N2 + 6HCI
"Khoi" trang 1a nhirng hat NH4Cl sinh ra do khi NH3z vira tao thanh hoa hop véi NHa.
HCI(k) + NH, (k) — NH,CI(r)
Pé loai bo khi chlorine trong phong thi nghiém, nguoi ta ding khi NHa.
*) Phdn irng the 7 , i ‘
- Trong phan t&r NHs c6 thé thay thé 1, 2 hoac ca 3 nguyén tir H bang kim loai kiém:
NH, + Na—° 5 NaNH, +%H2

sodium amide
NH,+2Na —">Na,NH+H,
sodium imide

NH, +3Na—"Na,N +%H2

sodium nitride
- O nhiét do cao, rat nhiéu kim loai tao duoc muoi nitride vgi ammonia

Al+NH, —" AIN +§H2

d) Piéu ché
*) Trong phong thi nghi¢m
- Bun nhe dung diqh NH dac 25% )
- Cho dung dich kiém tac dyng véi mudi ammonium:
Ca(OH), + 2NH,Cl—"—CaCl, + 2NH, T +2H,0
- Thity phan mubi nitride:
AN +3H,0 —Y5AI(OH), 4 +NH, T
Pé 1am kho khi NHs, nguoi ta cho khi NHs ¢6 14n hoi nuée di qua binh dung v6i song (CaO).
*) Trong cong nghiép
Tong hop tur N2 va Ha theo phan tng:

Nz(k)+3H2(k)#>2NH3(k)



Nhiét do: 450 - 500°C.

Ap suit: 200 - 300 atm.

Chét xuc tac: Fe duoc tron thém Al;O3, K20, ...

2. HYDRAZINE

a) CAu tao phan tir
Phan tir hydrazine duoc cau tao boi hai nhém amine NH; lién két voi nhau bang U R
lién két don gitta hai nguyén i nitrogen. D dai lién két N — N 12 1,47A%d6 dai | B
lién két N — H 12 1,04 A°, goc NNH ciing nhugdéc HNH vao khoang 110°, Phan |
tir hydrazine c6 cau tric khong gian khong déi xting, momen ludng cuc cua phan

tu p ~1,85D.

b) Tinh chit vat li

O diéu kién thuong hydrazine 14 chat 1ong, khong mau, giéng nhu dau, hat Ammui kho ;
chiu, rat doc, boc khoi manh trong khong khi, khoi lwong riéng 1,021gam/cm? néng chay : H - NH
¢ 2°C, nhiét d6 soi 114°C. O 1.
Hydrazine tan vo han trong nudc va trong alcohol. Trong nudc, hydrazine tao nén = ° \H ... NH
hydrazine hydrate bén N2H4.H20 trong d6 NoHa lién két vai H20 bang lién két hydrogen. N
Hydrazine hydrate 13 chat long nhét, boc khoi trong khong khi, hoa rin & -51,7°C, s6i ¢ 120°C.

¢) Tinh chit ho4 hoc

Hydrazine c6 tinh khir manh (manh hon ammonia). N6 phan tmg v&i O2 khong -khi va toa nhiéu nhiét. Do
vay, hydrazine dugc dung lam nhién li€u cho tén Iira.

N2H402(g) ® N2(g) + 2H20 N2Ha(I) + O2(g)—N2(g) + 2H20 (1) AH® =-705 kJ/mol

Trong dung dich, hydrazine bi oxi ho4 bdi halogen, MnO,, Fe®, I0;, ... taora N2

N2H4 + 2Clo— N2 + 4HCI
“N2H4 + 4AgNOs— N2+ 4Ag + 4HNOs3
Hydrazine 1a mdt base hai nac, yéu hon ammonia.

N2Ha+ H2O %348, N, H, + OH"  Kn1=8,5.107
N,H; + HoO %58, N, H; + OH"  Kpp=8,9.101

Khi phan tmg v&i acid (nhuw HCI, H,SO4, HNOs lodng) thi hydrazine tao hai mubi N,H; va N,H
N2H4 + HCI—-N2HsCl hay N2H4.HC1

H"”l{

N2H4 + HCI—N2HeCl> hay NoH4.2HC1
N2Hs + H2SOus10ang— (N2H5)2S04
N2Hs + H2SOusdsc— N2HeSO4 hay N2Ha. H2SO4
Cac mudi cua hydrazine déu dé tan trong nudc. Hydrazine c6 thé phan ing v6i mot sé mudi cua kim loai
(twong ty nhu amtonia) nhu LiCl, CaClz, AgCIO4, NaClO4. NaNOgz, CrCla.
CrClz +2N2Hs—CrCl2.2N2H4
d) Ung dung va diéu ché
Hydrazine dugc dung nhiéu trong tong hop hitu co, trong cong nghiép chat déo, cao su, thude trir sau, thude
no, ...
Trong coéng nghiép, hydrazine thudng duoc diéu ché bang cach cho sodiumhypochlorite tac dung vai
ammonia c6 mat gelatine 1am xtc tac.
2NHs + NaClO — N2H4 + NaCl + H.0
3. HN3
a) CAu tao phian tir
Phan tir hydrogen azide c6 cau tao:

Nhu vay, phan tir hydrogen azide c6 ba lién két (1 lién két don N-H, 1 lién két d6i N=N mot lién két ba
N° N).

b) Tinh chét

Hydrogen azide 1a mot chat 1ong khong mau, ¢6 mui khé chiu, doc, hoa rén & -80°C va sdi ¢ 37°C.
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