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TONG HOP KIEN THUC: PHOTPHO VA HOP CHAT

A. PON CHAT PHOTPHO (P)

1. Vi tri va cau hinh electron

e Vi tri: O s6 15, chu ki 3, nhém VA trong bang tuan hoan.
e Cau hinh electron:1s22s22p¢3s23p3.

e Pac diém: C4 5 electron 18p ngoai cung, trong dé cb 3 electron ddc than &

phan 16p 3p. Céc sb oxi hda thuong gap cta P la -3, +3, +5.
Il. Tinh chat vat ly

Photpho c6 hai dang thu hinh chinh la-photpho trang va photpho dé.
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Photpho trang (P4) Photpho dé (Polime)

Cau truc Mang tinh thé phan t&, gom cac Cau trdc polime, chudi
phan tu phan t& P4 hinh t& dién. Pn.
Mau sac, Chat ran trong su6t, mau trang
, Chat bot mau ddé.
trang thai hoac hai vang, gidng sap.
Khong tan trong nudc, tan nhiéu Khéng tan trong cac dung
Tinh tan

trong dung moéi hitu co (CSz, ete,...). mobi théng thuong.

Rat dbc, gay bong nang khi roi vao
Do6c tinh Khoéng dbéc.
da.

Kha nang Phat quang mau luc nhat trong
Khéng phat quang.
phat quang bdng toi.

Hoat dong han photpho do, cé thé Kém hoat dong hon, chi
Hoat dong
tu boc chay trong khong khi @ nhiét  boc chdy 6 nhiét do trén
héa hoc
do trén 40°C. 250°C.
Luu y: Khi dun ndng photpho trang dén 250°C trong diéu kién khong cé khbéng

khi, né chuyén thanh photpho da.
I1l. Tinh chat héa hoc

Do do am dién trung binh (2,19), photpho vua thé hién tinh oxi hda, vua thé

hién tinh kh(r. Tuy nhién, tinh khir [a cha yéu.
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1. Tinh oxi hoa (tac dung véi kim loai hoat dong)
Photpho tadc dung vdi cac kim loai manh (nhém IA, 1IA) & nhiét d6 cao, tao ra
mudi photphua, trong dé P c6 so6 oxi hda -3.
e Vi du 1: Tac dung véi Natri
2P + 6Na -» 2NasP (Natri photphua)

e Vi du 2: Tac dung véi Canxi

2P + 3Ca - CasP:2 (Canxi photphua)
2. Tinh khu (tac dung véi phi kim, chat oxi héa manh)
Khi tdc dung vai cac chat cé tinh oxi héa manh hon, P thé hién tinh khir (s6 oxi
héa tang Ién +3 hoac +5).
e a. Tac dung vai oxi:
o Khi thiéu oxi: 4P + 302 (thiéu) =» 2P20: (diphotpho trioxit)

o Khi du oxi: 4P + 502 (du) = 2P20s (diphotpho pentaoxit)

e b. Tac dung véi halogen (Clz, Brz,...):

o Khi thiéu halogen: 2P + 3Cl: (thiéu) -» 2PCls (photpho triclorua)

o Khi du halogen: 2P + 5Cl2 (du) —» 2PCls (photpho pentaclorua)

e c. Tac dung véi hop chat oxi héa manh:
o V@i axit nitric dac, néng: P + 5HNOs (dac) —» HzPOa4 + 5NO: + H20

o V@i axit sunfuric dac, néong: 2P + 5H2S04 (dac) —» 2Hs3POa4 + 5S0: +

2H20
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IV. Ung dung va trang thai tu nhién

e Ung dung: Phan I16n photpho san xuat ra dugc dung dé€ diéu ché HsPOa, tur
do6 sdn xuat phan lan. Photpho dé dugc dung dé san xuat diém, bom, dan
chay,...

e Trang thai tu nhién: Photpho khéng ton tai é dang tu do. N6 chd yéu ton
tai dudi dang mudi cla axit photphoric, tap trung trong cac khoang vat nhu
apatit 3Casz(P0a4)2.CaF2 va photphorit Cas(P0O4)2. Photpho con la mét

nguyén t6 quan trong trong co thé séng (cé trong xuong, rang, ADN,...).
V. Piéu ché

Trong c6ng nghiép, photpho dugc diéu ché bang cach nung hén hgp quang

photphorit, cat (SiO2) va than céc (C) & 1200°C trong- 1o dién.
Cas(PO4)2 + 3SiO:2 + 5C -» 3CaSiOs + 5CO + 2P

Hoi photpho thoat ra dugc ngung tu va lam lanh, thu dugc photpho trang.

B. AXIT PHOTPHORIC (H3PO4)
I. Cau tao phan tu
e Cong thuc phan tu:HsPO..

e Cau tao: Nguyén tir P G trung tdm, lién két v4i mot nguyén tir O bang lién

két doi va ba nhom -OH bang lién két don.

e SO oxi hda: P cb s6 oxi hda cao nhat la +5.
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Il. Tinh chat vat ly

e La chat ran, tinh thé, khéng mau, néng chay ¢ 42,5°C.

e Rat hdo nudc va tan vo han trong nudc.

e Dung dich HsPO4 thudng gap trén thi truong la dung dich dac, sdnh, néng d6
85%.

IIl. Tinh chat héa hoc

Axit photphoric la mét axit c6 d6 manh trung binh va khéng cé tinh oxi hda.

1. Tinh axit

HsPOa la mot axit ba nac, phan li trong nudc theo tling nac:

1. Nac 1 (manh): H3zPOs4 = H* + H2PO4~

2. Nac 2 (yé€u): H2PO4~ = H* + HPO42-

3. Nac 3 (rat yéu): HPOs2~ = H* + PO43-

Dung dich HsPOa4 cé day da tinh chat cda moét axit: lam quy tim hdéa dé, tac
dung vdi baza, oxit bazo va mdt s6 muai.

2. Tac dung véi bazo/oxit bazo

Tuy thudc vao ti |[é mol gilta HsPOa4 va bazo (vi du NaOH), phan Ung cé thé tao ra

cac loai mudi khac nhau:
e Tilé 1:1: H3PO4 + NaOH - NaH2PO4 + H20 (mudi dihidrophotphat)
e Tilé 1:2: H3PO4 + 2NaOH - Na:HPO4 + 2H20 (mudi hidrophotphat)

e Tilé 1:3: H3PO4 + 3NaOH - NasPOa + 3H20 (mudi photphat trung hoa)
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e Tac dung véi oxit bazo: 2HsPO4 + 3Ca0 - Casz(P04)21 + 3H:20

IV. Diéu ché

1. Trong phong thi nghiém

Oxi hdéa photpho bang axit nitric dac:

P + 5HNO:s (dac) -» HsPO4 + 5NO:z + H:20
2. Trong cong nghiép

e Phuong phap chiét: Cho quang photphorit hodc apatit tac dung véi axit
sunfuric dac. Phuong phap nay tao ra HsPOa4 khéng tinh khi€t nhung gié
thanh ré.

Cas(PO4)2 + 3H2S04 (dac) -» 2HsPO4 + 3CaS04!

e Phuong phap nhiét: D6t chdy photpho dé tao P20s, sau dé cho P20s tac
dung véi nudc. Phuong phap nay tao ra HsPOa tinh khiét hon va nong dd cao
hon.
4P + 502 -» 2P20s

P20s5 + 3H20 -» 2H3PO04
V. Ung dung
e San xuat phan lan (supephotphat, amophot).

e Dung trong céng nghiép thuc pham lam chat tao vi chua cho nudc gidi khat,

mut, keo.

e San xuat thuoc trir sdu, dugc pham, chat tay rua.
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C. MUOI PHOTPHAT

. Phan loai
Muéi photphat la muéi clia axit photphoric. Cé ba loai chinh:

e Muéi photphat trung hoéa: Ch(ta ion photphat (PO43-). Vi du: NasPOsa,

Caz(POa)a.

e Muéi hidrophotphat: Ch(a ion hidrophotphat (HPO42-). Vi du: NazHPOa,

CaHPOa.
e Muéi dihidrophotphat: Ch(ta ion dihidrophotphat (HzPO4~). Vi du:

NaH2PO4, Ca(H2P0Oa4)2.

Il. Tinh tan

e Muéi cia Na+, K+, NHa*: Tat cd cdc mudi photphat cta natri, kali, amoni

déu tan trong nudc.

e Mudi dihidrophotphat (chia Hz2P0O4~): Hau hét déu tan trong nudc. Vi du:

Ca(H2P04)2, Mg(H2POa)>.

e Muéi photphat trung hoa (P0O.3-) va hidrophotphat (HP0O42-) cta cac
kim loai khac: Hau hét khong tan hoac it tan trong nudc. Vi du: Cas(POa)z,
Bas(P04)2, AgsPOa4, CaHPO..

IIl. Nhan biét ion photphat (P0O43-)

Thu6c thit d€ nhan biét ion PO43- trong dung dich la dung dich bac nitrat

(AgNO3).
e Hién tuong: Xuat hién két tia mau vang cla bac photphat (AgsPOa).
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e Phuong trinh ion:3Ag* + PO43- - Ag3:P0Oa4! (vang)

e Vi du:KsPOs + 3AgNO:z - Ags:PO2! + 3KNO:s

e Luu y: Két tha AgsPO4 tan dugc trong dung dich axit nitric (HNOs) loang, day
la dac diém dé phan biét véi két tha Agl (cling mau vang nhung khong tan
trong HNOs3).

Ag:POs + 3HNOs » 3AgNOs + H3POs
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