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BIGRTCR SR RAR AU Je i AR 1
nitrogen | phosphorus | arsenic | antimony | bismuth

Eﬁi?;j rz:ie;:rt]ron 2572p° 3s’3p® | 4s%4p® | 5s%5p® | 6s°6p°
Atomic number 7 15 33 51 83
Covalent 75 110 121 141 146
radius/pm
lonic radius M; L 212 e22 245 :
Jom hA&_ - - 69 92 108

M 11 34 47 62 74
11/(kJ = mol™) 1402.3 1011.8 944 831.6 703.3
12/(kJ * mol™) 285641 1903.2 |1797.8 1595 1610
13/(kJ * mol™) 4578.1 2912 2735.5 2440 2466
14/(kJ * mol™) 7475.1 4957 4837 4260 4370
15/(kJ *+ mol™) 9444.9 6273.9 6043 5400 5400
Electronegativity 3.04 2.19 2.18 2.05 2.02

(pauling)
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. . , ETS — H
nES| wE | FTE S § X B JLE i
# | S |2 (nm) EREEH & BE (C) (C)
ic)
£ N 0.075 3,0, +1, +2, +3, +4 +5 |5k 1251507} -209.9 195.8 E4E | #7
1.825%/ v Ji SR (T
% P loao |3, 0, 43, 45 Bk ; o e faso LR | aB R
¢) , 234505575 mp (2HR)
JE % (L08%)
i As  |0.121 3, 0, +3, +5 Bk |5.7275Sr i E N 1817 613 raz | BARIME
% Sb |0.141 0, +3, +5 Bk |6.6845 T EK 16307 1750 SR &R
it Bi 0.152 0, +3, +5 Ef{f |9.805/rEHK 2713 1560 &R &R
colorless, waxy white, yellow, scarlet, red, violet, —
| oo LB, &FENYHE
N, (gas) A ;
: Sb

:T,-h,"‘f:,,

colorless gas, liquid or solid

Liquid nitrogen

As

| waxy white (yellow cut), red (granules center left, |
chunk center right), and violet phosphorus

metallic grey

“:i»'ﬁ, ']

lustrous silver
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§ 14-1 Nitrogen and its compounds

—. General properties
> HHE M (electronegativity, 3.04) X N, (gas)

wt—*'ﬁim 0). %&(3.5). &(3.16);

> NN=EREREATP. CRH=E=EZEEE, - e
{EN B E R AR TR 55 s N, (lig)
N=N 945kJ-mol™’
P=P 481kI-mol”

_ - - _1 B - Liqud nitogen o
C=C R835kJ'mol

v
C—C N 346kJ-mol

N—N 200 kJ-mol ™" >

> BHBIEALECN-3, -2, -1, +1, +3, +5;
WE+2, +4



—. General properties

> guj‘jﬁ
> FFIE:

IR BT

Ff N4,

EHAETEZMRARA, REA, BEET.

E'

L%ﬂﬂ%ﬂ%ﬁ
FEAA TS

H,

JD"iEI’JchJE%E) FEHL 5T i+

Ji B By (proteins);

P CHETERRIT78%) B

6x10-3, FELIHA (Chile saltpeter BAE A
NaNOs; Indian saltpeter EJERS A KNO,);




R a5 4

L7725 E i =2 T &, H HEIIEALE. R Daniel Rutherford
D. Rutherford % ¥.. D. Rutherford & B4 =47k
ANHF#E = B ML, K itar4 noxious air(HA
BRI AUR);

> 17874FLavoisier’s H R NAzote (R HF
azotos(JoA:fni)); FE# < fn N “ TS
/f 2

>F§IEF'@E%Ustlcken(n~ﬁI E)AIStoff( i ) 4H
&, 4 NStickstoff(FE=E B PIm), H 5
YK EFEN “g%”

> L 4 FRNitrogen Sk B %5 i SCNitre(fE A7) Flgen
(K B ) H & (1) S As A I i)
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.. simple substance
1. NZ%MO%E—{E& : kk (0-28) 2(028*) 2 ("2px , Zpy)4 (02pz)2
FrPAB.0.=3 , BB REE

:N::N-* i G2 p,
W
.___r_’r_“. 2P / 2p

Tap, NN, p.

N>(g) IN(g) MBS =945kTmol”  K=10""

2T = 3000°CH}, N,HIE RN N0.1%);

X AHEYRE LEBEN —SE R EBERRE LT
EEF RN BN A -




2. FZBMMIFIAHL >0, TMAS<0, FTPAAGLERKTF
F, HLENAIERZE EARE, GO
3. EEERMET, NERUWHEER, E—EFHET,
N, 5&E, EERRMN:
Li, Mg, Ca, Sr, BafER#AEE SN, EENE

6Li + N, == 2Li;N
o
N, + 0, === 2NO
N, + 3H, 2NH; (i, &k, AT

N, (g) + CaC, (s) = CaCN, (s) (calcium
cyanamide) + C (s)

wl &
(1) Industry: BMESZESAKES1H;
(2) Laboratory: NH,CI + NaNO, = NaCl + NH,NO,
NH,NO, £ N, + 2H,0




=. Compounds

NH,
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1.[-3] O.S.
(1) NHsREEAAY (nitride)

101.7 pm_w2° _ & - .
‘|‘|/"E> S, 3’ %@

(22.4eV,15.2eVH10.5e V)

y j@% T gm0
MH

(GS) 2(0x) : (cy) Z(O-Znon) :
> N: sp3A&EfEduik, =R = E%
> Mtk RK (1= 5.53X1030C-m)

|
&

'%s@
y

> BB TK, THREKBEB: BRI KIKREN35. 28%, {H
WREBKGBEGEWE, E25&88E, BARE

R T BRE KR E 225 28%, 15mol « L1



http://en.wikipedia.org/wiki/File:Ammonia-dimensions-from-Greenwood%26Earnshaw-2D.png
http://en.wikipedia.org/wiki/File:Ammonia-dimensions-from-Greenwood%26Earnshaw-2D.png

(2) KHMLZER L

> RIE R CoEAET-3RACEI )

4NH, +30,(%)—> 2N, +6H,0
4NH,+50,(ZR)—=> 4NO +6H,0
GNH, +3C1H, > N, +6NH Clor Br,

INH #3000 = & —>3Cu+N + 3H 0

INH, +6CuCl, - A GCuC !+ N ,+ 6HC
> VE s J (FIHH A EANE): 59

Mg+ INH, —ZF Mg, N+ 3K,

12



(2) FHIWFIRD:

> oz G &) E NLewis
b5 BEA 5 EJLJEEI’J Lews@aﬁ/bﬂﬁm/\%

H'+NH,=NH;
BF,+ NH,=FB:NH,
> PR N, CRUR ) -
HE B AR B-NH,« =NHIE L)) =N(E AL D)
NalH, CaNlH Mg,N,
COCI, + d4NH,==CO(NH,),+INH, CI
HgCl + INH, == Hg(NH,)CI+ NH,CI

13



(3) & Liquid ammonia: 5REE FLEBFH
. BB 2NH, = NH,* + NH,-

acid  base K =INILINIL]=2x10(-50C)

> NH,Cl. NH,NO.fEHRE H NEER,
KNH,+ Ba(NH.,), B H A3,
Zn(NH,),~ Al(NH,), 8Pt (amphoteric)

> BRI RS R
S R

EREEER, B TR ESHETH

Na + (x + Y)NH; =< Na(NH;), +e  (NHj),

X 5'%1_);'5}1']'

S Jofi 2 s Na )ik J5E

TR i & Na) i J e V) 2 A1

14



(i) #HINeutralization reaction
KNH, + NH,NO, = KNO, + 2NH,
KOH + HNO; = KNO; + H,0

(i) EFEAMmMonolysis
PCl.+ 8NH, = PN (NH,), + 5NH,ClI
PCI, + 9H,0 = (HO),PO + 5H,0CI
SO,Cl, + 4NH, = SO,(NH,), + 2NH,Cl
SO,Cl, + 4H,0 = SO,(OH), + 2H,0Cl

(iii) B Substitution
2K + 2NH, = 2K(NH), + H,
2K + 2H,0 = 2KOH + H,

(iv) BEfizCoordination reaction
Zn(NH,), + 2NH,CI = [Zn(NH,),]C|

Zn(OH), + 2H,0CI = [Zn(H,0),]Cl,
2K(NH), + Zn(NH,), = K;[Zn(NH,),]
2KOH + Zn(OH), = K_[Zn(OH),]




(4) &k (ammonium salts)

a. BT RRR IR, e

B HIFR E K

#INH,I > NH,Br > NH,CI > NH,F

b. BN . A% T, BHERHN
%B ﬁl*ﬁ'f)ﬁ fﬁﬁ%ﬁﬁdﬁ“ N: sp3<5EfEasit,

*E‘méE ¥

c. NH,CIF]jrE & BRI

2

L}F

EPUTAR; 45
143 pm, M5

K RA——5 1

R4, FrPANH,CI

ﬁ\'j\j sal ammoniac (hEE>)

2NH,CI + 3CuO 3 3Cu + N, + 3H,0 + 2HCl

16



d. &R
(1) EET}?:Z%EQ:

(NH,),PO, = 3NH,1+ H,PO,

(i) REIERY:

3:0F
»S [ J

NH,Cl = NH,1+ HCI?

(i) AR E T A1

bh)

NHNO: =—— N,0 £+ 2H.0 N, O=—=N, + .0,
NHyNO, —— N, + 2H,0
[NHﬂ ,C1,07 == C1,05 + N» + 4H,0

}IJ + Cl, + 20, + 4H,0

17



(5) B4H (nitride) [-3] O.S.

NasN MgaNz2 AlIN SisN4a  P3Ns S3N4  CIsN

— _J S~— i
~ N

basic amphoteric acidic

(1) Hydrolysis:
Li;N + 3H,0 = 3LIOH + NH;1
(2) Reduction:
2NH; + 3CuO = N,1 + 3Cu + 3H,0

(3) —iﬁ‘ﬂﬂﬁﬁ?aa'ﬁi AIN |, SisN4 , BN , GesNsEF 5
}:'E)J_:(’ |J »)g’ |J‘5IEJ§°

18



Figure ©: Aluminum nitride structure,
fFigra 1 Nitreto de Alumrinio - estradwra wietizie |,

ON

> Its wurtzite(4-££17) phase (w-AIN) is a wide
band gap (6.2 eV) semiconductor material,
giving it potential application for deep
ultraviolet optoelectronics.

» Stable at high temperatures in inert
atmospheres and melts at 2800 ©C. In a
vacuum, AIN decomposes at ~1800 ©C. In the
air, surface oxidation occurs above 700 °C,
and even at room temperature, surface oxide
layers of 5-10 nm have been detected. This
oxide layer protects the material up to 1370 ©C.
Above this temperature bulk oxidation occurs.
Aluminium nitride is stable in hydrogen and
carbon dioxide atmospheres up to 980 ©C.

@ opto-electronics,

@ dielectric layers in optical storage media,

@ clectronic substrates, chip carriers where high
thermal conductivity is essential,

€ military applications,

€ as a crucible to grow crystals of gallium arsenide,

@ steel and semiconductor manufacturing.
19



B N Structure of Boron Nitride

(a)Hexagonal Boron Nitride (b) Cubic Baron Nitride .
Layers where niragen ond boron atoms combined in a Boron and nilrogen aloms combine three-dimensionally
network are superimposed ond have o sfrucure replocing carbon afoms in diamand.

20



2.[-2] O.S.

BAGE T BT EAL I RE,
T B KIAN,H, ( hydrazine
(1) structure: p=6.1x103° C:m , ¥iBHE A XTFR

(2) BEBRS

H 147 pm

N—N

/B

2N,H, = No,H:" + NoHS™

(3) ZIu¥ui: BMESS T NH,

g

4

+ H,0 = N,Hg" + OH-

5" +H,0 = NyHg* + OH-

+ H,S50, = [N,H]SO,

I BN, &
Bidiamide) . BRE

K=2X102°

K,,=8.5X 107
K,,=8.9%X 1016

21



(4) Unstable, 553 f#:

TSR B T KFESIEN,H, K54, neg

KTH%WﬁﬁAéﬁg?
NoH, = N, + 2H, (Pd, Ni Cat)
3N2H4 - N2 + 4NH3

(5) BB CRERIRZEOH A )

|\|2+4H+-|-4e—>N2H4 (PO:'O-23V
N, +4H,0 +4de — N,H, +40H™  ¢>=-1.16V
4MnO + 5N,H, +12|-|+—5N + 4Mn2* + 16H,0
Xb%éﬁ@ T%% m KB,

(CHB)ZNNHzﬁ—A

NH +02_N + 2F

L)

,0

FEA K ET AR

22



(6) Preparation:

2NH, + NaClO = N,H, + NaCl + H,0
ZRMHESER, FESHD:

NH; + CIO™ = NH,CIl + OH™ ()

NH; + NH,Cl + OH" = N,H, + CI- + H,0 ({&)

BB B M
2NH,Cl + N,H, = N, + 2NH,* + 2CI-

23



3.[-1] O.S.
NH,OH #4%, (hydroxylamine)
(1) Structure:

e

. .. —H 7
H— Q —N ~ \\\\“,..N - O

(2) Preparation:
HNO, + 6[H] = NH,OH + 2H,0
B ] L 2 A 95 B [H] SRS JREHNO,
(3) Properties:

a. RERARENBHREE, EISTEAKE
43+f#: 3NH,OH = NH, + N, + 3H,0 (BiEH)

4NH,OH = 2NH, + N,O + 3H,0 (Eg:r)

LH

LH
1

24



b. &R —Juh, WIE/NTRE(K,=6.6X107),

HoKE e E
NH,OH + H,O = NH;OH" + OH"~
c. fEH*, OH 1, #HEEEIFEA, HEMF=YIN,
A] DI R NAK 2R -
N>+ 2H,0+2H +2e — 2NH.OH @i =-1.87V
N, + 4H,0 + 2e — 2NH,OH + OH o =-3.04V

NH,OH + HNO, = 2NO + 2H,0
2NH,OH + 2AgBr = N, + 2Ag + 2HBr + 2H,0
2NH,OH + |, + 2KOH = N,, + 2KI| + 4H,0

25



d. EOH %M T, NH,OHWE/EREALA; T
H* &, JLFEAF BB EA

NH,OH + 2H,0 + 2e — 2NH;-H,0 + 20H oF =042V
NH:OH +2H +2¢ —> NH; + H,0 o; =-135V

b

NH,OH + Na,AsO, = NH, + Na,AsO,
NH,OH + H,O + 2Fe(OH), = NH, + 2Fe(OH),

26



4.[-1/3] O.S.
HN.B%& B (hydrogen azide, hydrogen
dinitride nitrate, hydrazoic acid)

N,H, + HNO, = HN; (B&®&) + 2H,0

110> H o
e N -
sp sp sp° < P N"'"?T:?‘*--N
= oti, TN 120pmN_ NllOpm \
— i,

—ATT4
I~ 11,

27



HN,B&E (hydrazoic acid)

> HNgse — M AT HCIR YD, KT, 3R (RS
HACHH) , Ka=2.8X107
(1) Preparation:

N,H, + HNO, = HN; + H,O

NaNH, + N,O = NaN; + H,O
3N,0O(g)+4Na(NH,)+NH,(I) = NaN,(s)+2NaOH(NH,)+2N,(9)

® ® ool | P
N N o

o | X o P,

Ny sparit
2/I\Sp_px G%@ ’

2~ p—p n‘%@’fé



(2) Chemical properties:

a. HN, BIEAL S HNO AL
Cu + 3HN; = Cu(N3), + N, + NH,

c. B4k HN, + H,O0 = NH,OH + N, (Pt cat)

d. #50#:  Pb(N,), = Pb + 3N,, 2HN,(I) = H, + 3N,

HN,

NaOH N

T 5157

NaN; ZN(N3),+H,1

AgN, Cu(N3), PDb(N3), Hg(Ns),

29



1 mol-% Cusoy,
0.1 eq. sodium ascorbate = IN*‘N
RN, + =R - M
H,0 f #-BUOH (1:1) =/
rt, 12- 24 h (TLC) =5

I = k tris{alkyna]ODN ”‘
M
C I C stepwisa E|IE\ :
reacions

Chemistry 3

O profecting groupe
trifunctionalized

+ ¥ i labels lﬂr-' ODH

-
* 30




ANk

—2
N,H,

—3 —1
NH;
e
® KR T
® - TR HM:
® LAY
NH,
+

H,0O

I K, =107>

NH,"+OH-

>

N,H,
+

H,0O

|

NH,OH
FHRR) Foli

I K, =107°

N,H*+OH-

Jii b, [EEEX

509

AL

—1/3
HN,
(557! ]

/)N,

SR EE R T 5
SEEAEZERR T EEH
=B,
FR PR, BE RS

¥ 7 25 i

>

NH,OH
+

H,0

I K,=10~°

NH,OH*+OH"~

+H,0
Kb2~10 16

N,Hg2* + OH-

= 5
NH;>N,H,>NH,OH=
B -

NH;>N,H, > NH,OH

31



—6 I Bk — PqEg $5 th
1Ak b I X [ Frth
. . R
1/rN“\’ ------ H 1// """"""" H R1/!N{“""R3 |\|.|+
R H R R2 R2 3~ \RR‘#
R .
H 0
R—cH,—N{ C H
2 "\R R yd \ﬂ/
o P~y b \R
B 3B AY) . BRI (G
o) 0
I |
R—C—Cl + Fl'—fl\l—H — R—C—r!\l—R'
H H
Lk L iies

32
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Amino acid

Amino acids serve as the building blocks ——
of proteins, which are linear chains of _ Posiove Negatie ,
amino acids. Amino acids can be linked 13.; "y "y C S .
together in varying sequences to form a vast ‘5’@ A v e A0 i 40
. . C =
variety of proteins. | N, f’"’
Twenty-three amino acids are naturally -
iIncorporated into polypeptides and are : .:,=>
called proteinogenic or standard amino ” At ) %o
acids. These 20 are encoded by the *NH
universal genetic code. Nine standard amino = = e e € specis Canes
. . Larig Glutanine il i Selenogyibeine Ghdine Prcline
acids are called "essential" for humans e M@ M@ T @ 0 0 ™0
because they cannot be created from other by ok Ay e g ey g
compounds by the human body, and so L e S L (W
. hH, MH, NH, 3_M":- e — =
must be taken in as food. HO v 2
Amino acid (1) Amino acid (2) |, 5] ) #
0=,
H . H " =
O A ik st Hpdroplode: S Cham
H H Alanine Valirs: h.n:vlca.m Leucing Kethioring Phrwdalan i 'rn{-inn
R R --'J.-ﬂ .-i- S LT u 2] m |20 'E ﬂ

\
Peptide bond\ " ': ﬂ
H i . -

R

2 L Rk o7 Vi by v 33

Dipeptide ) ———



6.

N,O. (dinitrogen pentoxide)

BFF

—&it
—&it

—

2,

=&t

_—

—&it

7,
IIERES

——

— &,
AFiL
—&

=
4
3t

NzO

NO

N2O5

NO-

N2O4

N2O5

et B Bk AT Bt T Bt s Bt T BTy

B

=]

FE(ES . HSE
NEE)

B

TIRE

LE

L

3=

Pk (C)
=
B EEhER -163.6
=BT RN
3INO, -102
G -11.2
o FU M BE A
NO-
TI37E 30

;. =1
(°C)

-88.5

-151.8

-3.5 (43
B2

21.2

21.3

47 (4
B2

RAHEAY (The oxides of nitrogen)
N,O (dinitrogen oxide)
N,O, (dinitrogen trioxide)

NO (nitrogen monoxide)
NO, (nitrogen dioxide)

— i HiE

X RTAOEE 3 FIE W7 12 4802 2
I & .

SIERmME F ik m s EFEfnE
7= GHER

4 P rHE

o BT F7I2H o FR B AL
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a. [+1] O.S.

N,O (dinitrogen oxide, laughing gas) 113Rm 115pm

N—N—UO0
360 Ofc Lewis 2

ool N it om BATL

] ]
T BAMELE? 2p, 2p.
gﬁggj,ti 0324 | SHEBLET ( hp ) I 2p1r2 2 pfl
] ] 2
2p, 2p, 2p,
TR IRM S

() s off EEHIE W BHIR

plivae 3

HEEES b FRIB R
E®, BE— LA LREASH
— SRR (LZEAENO)

SFEFERFS A 35
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b. [+2] O.S. NO

. Ni
— G%?L_’ — E!BZL_, _ E_£¥T[%@ 66
/ + _ o
*EQL 4* : %EF e
R T, A THERN: =
(16)?(20)?(30)? (40)? (1n)* (50)? (27)} T
S NI 5 e 2 LT, TR FRNO? Py
CIEAHBE 2 T nitrosyD) F
(%E%%/TZIK: NZ\ CN-\ CO) N NO lo 1(;

X BT AP, HAEE, MNOXLt, HL
BESE, BN “FEMHEHE” .

36



 JE3E4

Ot If X fi: NO + FeSO,==
®19924, SciencebfFE

®if 7 M

NO

INO + 0,

inog - &

L 5 2 A

© &Pk M, I E
(EAL H . Na,Fe(CN)s(NO))

, MuradZ:,

2% 7 N 2

1998~

Nobel

L

=AY

-:2NO

VO

INO +Cl, == 2NOCI

Fe(NO)SOA?ﬁT%’%%)

@ The Nobel Prize in Physiology or Medicine 1998
Robert F. Furchgott, Louis ). Ignarro, Ferid Murad

hare this: FIE B 50
The Nobel Prize in

Physiology or Medicine
1998

E > ‘ |
N
v \
F. Furchgott uis J. Ignai Ferid Murad
i re: 1/3 Prize share: 1/3 Prize share: 1/3
Prize in Physiology or Medicine 1998 was
ly to Robert F. Furchgott, Louis ). Ignarro

37



b. [+3] O.S. N,O, g
57 (REE) o\

O N=0=R—0F (R \ é

=R 6_N=0 o8&

v @ E} (j@
C'=N— - > D:N—‘N”“ 'Dzﬁ— *: (SEEE
“Ej:e' S0 {335:3
.0 N ﬁ
ShRgi: OmNewNJ M4 o, —AI¢, 3# N —N; II;
0 1554pm xﬂ

NO + NO, == N, O,
(HNO,WIRRET, AFaxE, tREHIEANANO. NO,)
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[+4] O.S. NO,: RSk, BB 4T

/e
- E /'/—‘"j’ \
L. - 1 ¥ “' \\
vy

N A Y _O_o 134.3 £ 1 1 e \‘\\‘\\\\
II.-. ._l pZ j'Lx \Vf\ \.,,:2.‘ \\\‘ 2y
roy=== 2 /f/t ‘\ ¥ _:_:_:-H'—?——L-
Y 4 0 Sp 7"_\‘ !’t\\\‘ ﬁ" ///; _‘+—3;I"-—|Ib
134 AT
/

. /
° OI,‘ / A V}Flj

ooV 7-% o

. \ —— 25,
® 7 A NNL,O,(E ), RIS A L m e [

21.15°

2NO, == N,O,

° °
.. o ..01’37
<\.\\ ,

\ V4

o\ 175pm /¢

{ J ’

Jo'N &

‘., .

’ Y} .>
“20e e

ST 4

N,0, —>* 5NO,

°.C;’.57
[ X J 'Y ) Y ) , I,
eO N—/O—Nc
[ X J \ S

\
‘e
. >

dpf P
NI AspR L :



https://en.wikipedia.org/wiki/File:Nitrogen-dioxide-2D-dimensions-vector.svg
https://en.wikipedia.org/wiki/File:Nitrogen-dioxide-2D-dimensions-vector.svg

c. [+4] O.S. NO,
> REIRE

JNO, +H,0 5 2HNO,+ N
INO, + INaOH > NaNO,+NaNO,+H,0

> S4B E
4ANO, + H,S == 4NO + SO, + H,O
10NO,+2Mn0O,~ + 2H,0 == 2Mn2+t + 10NO,~ + 4H*

> A NOE AL & %

S
N0+ 022200, iSHG

r

= -113kJ -mol?* <0
<0



HEARENO,*

T IRNE, W

1o
l"l.
[:I S T M- 1092 N134.1 ;
/ A P 112,92\ 11
___:+ }/ - / 116.7° o,
N > 0
'l....'. IFIEH
o
."l.
) 75, O '
A 4 / 115pm \ _ O‘\O’bx’ugrn,f
| / H*—'— -

3 AN
J

¢ (BEBEEF, nitryl), NO, 4 ),
7K A R RH R o

Ref.. B IWEAD) = M L FEAAE R, AAMEFEE 7R, 2009, 29, 102-105.
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Properties of the oxides of nitrogen:

> BHEMAYHBRN ORI FH® TN, HAih#L
HEME.
> TVVESHEESMHERNENY (FER
NOFINO,, PANOFER) , IRERSKTHE
NO AR, I EmIAEI A RITEBHEFINO,
Ko
> HETAEEESFNO, K FEZ —REBA
EEINH,

NO, + NH; > N, + H,0O




Z5E

.

EEAEMERAAE. FATSSHENEN, HE |

RED G L, FFEME, HEADHXICE

RAIMGIFNG — AN R EERTAIMER IR FFR

N CFERR 10— | .

> &AM, BEAYMATRNFRYIX =TE 5 % E B, mimE AR ESTE 59,
i JE — USRI ) 4 N 25 55 R RIS SRR e . ENSZERE &A1, K
FHEAAIF K SN . BRI RIS S ONPM,  JE R I F 2 iRy (PM2.5)
W BN T2 500K 75 G ks o X PRI A & B2 — P59y, N EESE.
EZ7 i e e A= LN

> T ERERYRIE: EERARER S e KRB A R HE R A ki Y i)« B
B, BAFERARZ. SRAMPEE, PUAKEEH R4S, R/ ER
AR R ASTE Y, iR E e, Bl EE R, WIRE Z AN Ik BiknE
gey, MEZESE . HUGRICH B 7 AFREARR AT A RS .

> TMAEFPHER RS . G4 FLEHIEL R T ik, ©F KERIZm
B A E RO R S

> FEA RN TE BTl AR A

&

MR RIRAE . R R, VSRS SR AR . EWae i RAEMR, M

YRR I T 2 RE WAL, R /K B8 WL /N L0000K T, KX FE /K sl 2H i =,

IR £ 4018 AR FE IS PR N 5 (Haze) B K52 (Dust-haze)

http://baike.baidu.com/view/740466.htm
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A smoggy day in Atlanta town.
NOXx arriving in the U.S. from
across the Pacific could be
boosting ozone levels, a major
component of smog.

Smog is chemical mixture of gases that forms a brownish-yellow
haze primarily over urban areas. Components of smog include
ground- level ozone, nitrogen oxides (NOx), volatile organic
compounds (VOC), sulfur dioxide, acidic aerosols and gases, and
particulate matter. These gases result from a reaction between
certain airborne pollutants and strong sunlight. Smog is most
prevalent in the summer months, when there is the most sunlight
and temperatures are the highest. In large enough quantities, it
poses threats to animal, plant, and human life. The airborne
pollutant which makes up 90% of all smog found in urban areas is
ground level ozone.
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' London, December 1952, when an

estimated
4,000 people died from a four-day
smog event

STRAVEL

=
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KSR FFHZ AR a9y PLEE

Sl&XE: NO, + hyv — NO+O
0+0, +M—>0; +M
NO + 0, — NO, + O,
seteas: RH +0H — RO+ H,0
RCHO +-OH — RC(0)0,-+ H,0

RCHO + hy — RO+ HO,-+ CO
HO,~+ NO — NO, + -OH

RO+ NO —NO, + R’ CHO + HO,-
RC(0)0,~+ NO —NO, + RO, + CO,
.OH + NO, — HNO,

RC (0) 0,-+ NO, — RC(0)0,NO,

RC (0) 0,NO, — RC (0) 0,++ NO,
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c/uL-m™®

C.Hs« NO

VBRI G YIE R AN IS N R AR AL
(5] HAngew. Chem.,1968)
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FEEE (Nitrous acid) EHzE:E (Nitrite)

0 O N" O HWO
(1) Prepar atl on: Jmensans e fans .

NO + NO, + H,0 = 2HNO,,
NO + NO, + 20H™ = 2NO,” + H,,0
(2) Properties:
a. ER—FhIEE NO(OH) K_=5X104%
b. ZEH*%&MF, HNO, KAE
NOE 0.94V >HN02 0.99V N NO
3HNO, HNO; + 2NO + H,0

FEOH 4% F, NO, ARABML

NO; —2%V y NO, —24Y  NO
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http://en.wikipedia.org/wiki/File:Nitrous_acid_acsv.svg
http://en.wikipedia.org/wiki/File:Nitrous_acid_acsv.svg

c. HNO, , NO, BB JZFIES, HEA=E~ZANO,S ;s
(EEAERFACTIET, FEE =YK B & R 571 E’M\ A, A
BEANO |, N,O , N,, NH,OH EiNH, {EPANO&NH N

2KMnO, + 5NaNO,, + 3st04

2MnSO, + 5NaNO, + K,SO, + 3H,0
2NaNO, + 2KI + 2H,S0, =

|, + 2NO + K,SO, + Na,SO, + 2H,0

X NO, s AE. FEMRBBF, NO, FIETEL
NO; #&:
#lan: NO, EMBRFPATEMIE T, ENO; HAT,
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6. i (Nitric acid) KEzEE (Nitrate)

(1) Preparation  Otoiom
a. in lab: 1199 pm / | % . gl
NaNO,+H,S0,(¥#) = NaHSO,+ HNO,? L N
 aFRER

b. In Industry:

4NH, +50, = 4NO+6H,0 (Pt, Rh Cat)
2NO + O, = 2NO,
3NO, + H,0 = 2HNO, + NO

C. In nature:
i

N, + 0O, ONO—22 3 NO,
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(2) Properties:

ZEHNO,: LHfk, p=1.522g-cm-
. 69.2%(EHIAR), 15mol-dm3, p=1.410g-cm3
RIATEIR(A1): 93%, 22mol-dm3, p=1.5g-cm3

a. MEE: %, WtniE
4HNO, = 4NO, + O, + 2H,0 (hv; Heat)

b. #

=)

Atk IRIEERMEER. Ptk
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c. Oxidation:

> 5 FEE
HNO +F e RER - BERBE +NO
4HNO, +3C ——3CO, (g) + 4NO(g) + 2H,0
5HNO, + 3P — 3H,PO, +5NO(g)
2HNO, +S—— H,S0, + 2NO
10HNO, + 31, — > 6HI0, +10NO + 2H,0

BEF=YIANO. FEEHRIERIKEANR, Hi&FE=¥ma] A
NNO , N,O , N,&LZENH,* (‘Iuwﬁ%ﬂﬁﬁm\loz, HF
R Fi18, Nozfﬁﬁfz 3NO, + H,0 = 2HNO, +NO#—
BHEIE SR )

> 5&R: WHRESE&RBRMNA, EEFEYANO,.
& AxM: AFIREEAU. Pty RhéE
& Hifh: Fe. Cr. AL5¥IRHNO,

& FAME GEBEFYIANO,) = Cus 4N 0 (K )+ Cu(NO,), + 200, + 2K 0




d. BE8

» E7K: HNOSHCI=1:3(f&FALL), s LEAIBCAL T, M
Au. PtZ%

A+ HNO, +4HCI> HAuCI, + NO +2H 0

» WHNO,EHFE G AT IENDb. Ta(h i T FK)
Nb+5HNO, + THE 5 H NDF, 45N0, +5H 0

> iR H,SO, + IRHNO,
H,SO

CH, +HNO, —"5% ¢ 4 NO,+H,0
yﬁéﬁ%}f%
CHCH +3HNO, — 5%y CH.CH (NO ) +3H 0

TNT(Z=AEEE H 2R)
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e. FHER L F I A -
(i) IA; HAMEFES) « WHERE+O,
(i) BAAFEMg — Cu: MO + O, +NO,
(iiBAIRMFAgZE: M+ 0, + NO,
K~Mg: 2NaNO, —2—-2NaNO, +0,
Mg~Cu: 2Pb(NO,), —2—>2PbO +4NO, + O,
AQLLJG: 2AgNO, —252Ag +2NO, +0,

/I

Bl 5h:
2Mn(NO,), = 2MnO, + 4NO,1

Fe(NO,),; SNn(NO;), —» Fe,0O5; SnO,
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Nitrogen cycle

The process by which nitrogen is

converted between its various chemical
forms. This transformation can be carried
out by both biological and non-biological
processes. Important processes in the

nitrogen cycle include fixation,
mineralization, nitrification, and
denitrification.

However, atmospheric nitrogen has limited
availability for biological use, leading to a

Fossil Fuel
Emissions

Denitrification

Gaseous \
Losses B3
aq No & NO WX

q ﬁPrecibi'tati

1 T Lightning
el Fixation

on |

Organic Matter

(R-NH,)~_

Plant
Consumption

Gaseous S~
Atmospheric .~ (¢ ¢ O
" Nitrogen [
Store

Bacteria
Fixation

Runoff
o 5
Fertilizers

\kmacmng’Eutrophicaﬁon

Mineralization

Ammonium
(Nﬁf) Leaching

\ Nitrification
Nitrates Nitrites  /
-

(NO3") *Nitrification (NOy)

scarcity of usable nitrogen in many types of

ecosystems. The nitrogen cycle is of

particular interest to ecologists because
nitrogen availability can affect the rate
of key ecosystem processes, including
primary production and decomposition.

Human activities such as fossil fuel
combustion, use of artificial nitrogen
fertilizers, and release of nitrogen in

wastewater have dramatically altered the

global nitrogen cycle.

Euphotic Zone
(lluminated)

Below Euphotic
Zone ('Dark Ocean’)

N2

New Production

Nitrogen Fixation

Precipitation

By Bacteria

NO3-

Phytoplankton
(enters Marine Food Web)

Recycled Production
Ammonia
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Nitroge

N+ 8H" +8e” — 2 NH3 + Hp

(L=

> HRER (EYEED

WA H AR SEYIE, B
LR Y B BB AE KRR
RIE SR e AR

A2 B =R A = B
KR W RAT I e E w5,
5 ERME I [ =) AR 1
AR S RHED AL [ A TR T .
WU IR RS RE H B [EH]
R WEe 5 HAMEY I It
R BEANEERL KBRS
PR R B AE )
L et Sl I A G —
AL AR B IR ¢ s mamee
[ S80S AW The Nobel prize in
TR AL
A EEEH

n fixation ([& %)
FETPHESHEA (B BN THR
W) (SR . &, AR M.
> N TR

WA, R RO S BB E Y .
H AT Tl F i 2R, it /S EAHE
e e RG] (D AERH TN RAE R
FKN10E15%) , RIFHE— RYII LA FHAD
AMEREY), WIERR. ZIE. SRNEASE.

N TR oy — U 0 A [ & B Rl AR (B4
I FEIEAE AT 2, R DA S ARG, A
FHANET S5 1 0% 4 8 B SR A 0 55 AL AR 1) —
MITTIA B [ B B . 25— UEBC &Y T 19654 il
5 (JRU(NH,)s(NL)2*) o 20034E4RIE | B ANMER IR
R TR R AOR FONE I T, AR A AR A EEAR,
HEAT S 2 R R

HIPT, Gl N/HIPTi wer_ N e

N 2+ HIPT ”:nln:> NEN | et Nj\"f) e

nnnnnnn
0 T "
N 25°C, 1atm N,
CF,
H3N ,,,,,,,, .-n'"‘“NH3 | S o ]
/RU\ N( 4
H3N NH3 ‘ cF,
I
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N T Rt
2 OCTOBER 1998 VOL 282 SCIENCE

Ammonia Synthesis at

Atmospheric Pressure
&‘AAAS Geurge Marnellos and Michael Stoukides

RESERACFEEERSXRE

I e STATE KEY LABORATORY OF PRECISION AND INTELLIGENT CHEMISTRY

IBigitE § RERILY See=) RES] iEiRE

tR5TER

Rt
SRR

e, BAONE, FURIEF78% . 59




§ 14-2 BERHALEY) (Phosphorus and Its
Compounds )

—. General properties:
1. Bﬁ }E ? E(J E‘Z‘[&” “:lj" ﬁE :_:é_liness' wa e vlet.
(1) FERP B FHaY: : o |

e.9. Na,P: 7E/KIEWR P& T AL,

:[Z% a: PB_%? % 7}(% waxy whi t;‘(yellow cut), red (granules cnte left,
P3_+3 _I O P H +30 H —_ chunk center right), and violet phosphorus

P*%?ﬁﬁﬁﬁ‘]——@: %BEE%’ %ﬂ‘ T % 4 %
POty B G, TBRALAE AR, FTLL

B /oo — 1828(F1) Neps'3p' +—— BFHA
RAEERE O MR TR, e B D e
e W 1TC — 2805(¢1) BB

BHLW AL T e
_ A E ST 1S Phosphorus 1060 % el /k Fmol*

EF¥£Z/bn —1105 5,3 Az

pann—— ook e [Tl 1] senmun

(2) HOEF (P) BIREsp?, spid, s
sp3d23k{k, FITERL-3, +1, +3, +55
%?H’J% &1, PET MR ARAS )




FERHTBEETE

(3) BRI 5 BA R KHIZE A

3dFE. Bl NFAKR, TPFKE; NFASE

& RIS, T PF, AT LA SYE ST R

FREC S

R I}»%T%Bﬁaﬂy ﬁkoﬁ%ﬁﬁ' |

PIEH 7 HdFLE,

AR 2R )R R ERHF
ﬁ?lﬁﬂuﬁaﬁﬁnéﬁ

2. FFPE:

s R e,

e & 0. 118%; £ BT LN A AAF(E, e
£ (phosphorlte) Ca,(PO,),, MK £ (fluorapatite):

Ca (PO4)3 ixﬁé@%f E (hydroxyapatlte) Ca;(PO,),(OH)
ﬁﬁ‘;%%%M%%HWFJK&%‘iﬁkmCa@O)«»D
R )i &85, i35 Cag(PO,),F; jiﬂuﬂlﬁlﬁ%

%%HAﬁE$MﬁMMMM*
ENS /.

=0, T DA S S o



|
Mgt

.e\

Nutrient pollution

Eutrophication

.

Water blooms of algae and bacteria
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EERLE A, BEEVERYRSELS r
IR A RIS RIIR . AT, B2 3 5% b
BRI B R R, e
ST FRME N B T, BT A A, PR
R RO ER I . (R T ASHES, A4k
TN B AR A3 15 7K B B A FE 30 o RS
MR KIS T, SRR, K
B B BT, R R B R 2 i
T, Bk T AT . KBTI s,
S, WECER R, R, ki e 1
WA o RIS, KRG, DU B 62 A7,

KA T A I8 T A

KBTS FTRIT, Tk S, | »

FEAERR R RI, 2Tf, fifa. TGS, KR e

oo %

BEr “ORE . REERAER. G5, mAREH.
BRSSP G, KRAEEYIEDE & /EH 2 RIS L 8

%, JEWUEG R BRI E R, BALESER] B
Mo XFEEFERHA, ERCRETES, BERERH, K B
FrBAb AT R R, I SRAET.




—~ Simple substance
1. Allotropes:
White, red and black phosphorus

P, (B85 (BTFCS

s

P& EGAC0°CEIANNFRE NS

> QI@%H'J@
I7

ﬁim&%

> Bk

> 1% (NBTFCS,H)

A" - N /
X Al A
P
Y\A

200°C, 1.2x10"'Pa
g ELAHOFEMGRIF IO =B ERRFT

> BB R E2P,F (BIE, 0.1177E3E! )

MESANERE, ANANLBRP, ST
T, TSI = AR ERERE
WRERDTHTHR;

> BB ) — P e AR,
FRE R “SRBE” .

255143

HAA SR A
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White phosphorus

P

Black phosphorus
(%)

REVIEW ARTICLE WILEY
InfoMar. 2021;3:231-251.
Chemical functionalization of 2D black phosphorus

/ \\ / \ / \ - Yajuan Liu | Mugqing Chen | Shangfeng Yang

Red phosphorus

el Angew. Chem. Int. Ed 2019, 58, 1479 1483 2780

International Edition: DOI: 10.1002/anie.201813218
Black Phosphorus German Edition:  DOI: 10.1002/ange.201813218
Azide Passivation of Black Phosphorus Nanosheets: Covalent

Functionalization Affords Ambient Stability Enhancement

Yajuan Liu, Pengfei Gao, Taiming Zhang, Xianjun Zhu, Mengmeng Zhang, Muging Chen,
Pingwu Du, Guan-Wu Wang, Hengxing Ji,* Jinlong Yang,* and Shangfeng Yang*

2.0
~ 700 I H, evolution rate
o I Bnd gap
"= 600
= 15
o —_
£ 500+ S
3 L
% 400- 10 %
c 300 “PGOGEE- BlackPhosphous =
S | DODGDO weukivo cimena T
5 200{ “PPGPHGE-  Prowcatayt Lo5 ©
5 > m
® 1001
!

0_

bulk BP

Séﬁzxégﬁlgvl\?s Adl—’ Mater. 201?, 29, 1605776 ‘%X%ER?ELDS

www.advancedsciencenews.com

www.advmat.de

Black Phosphorus Revisited: A Missing Metal-Free Elemental
Photocatalyst for Visible Light Hydrogen Evolution

Xianjun Zhu, Taiming Zhang, Zijun Sun, Huanlin Chen, Jian Guan, Xiang Chen,
I, . , 65
Hengxing Ji,* Pingwu Du,* and Shangfeng Yang*




1 BT

I F B 4458
: 573K X
;*;—Eﬂ a- pmt ;‘ur: *BTSKi Bl —— gll:n
g |1=783K 473 ,lzkhm: |
SEK”' | 513K —'7/3:31{! !

# PBr, 673K (HH) &
shimak/ FERE o0k 473Ky b \873K

I liokbar 613K 5kb 3/ &azsx
paw EEEXR sTSKCHHD 03K\ = |

) —— P BR 0kbad,
Imﬂxou \

I10kbar _H

 AFRRT—= ¥ _
el HUuR




> W] FH T2k IE . e
> "L TBE

> 1A

> PR 4 2T A T B T

> FHFG: PR, R

Widely used compounds
Ca(HoPO4)2-H-0O
CaHPO4-2H,0

H3PO4

PCl3

POCI;

P4S10

NasP301g

BLEE I B s

Use
Baking powder and fertilizers
Animal food additive, toothpowder
Manufacture of phosphate fertilizers
Manufacture of POCI3 and pesticides
Manufacturing plasticizer
Manufacturing of additives and pesticides

Detergents
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2. Properties: ( PAP,AE) /

(1) P,HIstruct
» «PPP = 60°,
P—PHES T

ure: tetrahedral G

lJ

"

el
P,»"

P.—

tb4ip LB o R A 90°E /=

M. ST T

g E

P—PHERLIRK, {N200KJI-mol! , B&E 524 STk

F, XU EBEERELT, EEER, AT

(FETFAFURAES) , HETCS,.

> SESEMNHEREANL, RNMERK R LERERY

B, PIERAE R (BEEBIR)

> BRA40°C (313K), S HR!



(2) Chemical properties:
a. reduction:
P, + 10HNO, + H,0 = 4H,PO, + 5NO + 5NO,

b. dispropotionation:
P, + 3KOH + 3H,0 = PH; + 3KH,PO,

CuSO, A B
LIP, 4 60CuSO, +96H,0 — = 20Cu,P+ 240,20, +60H,50,

c. I 5B &R RMNME B Y
6Mg + P, = 2Mg,P,

3. Preparation:

2Ca,(P0O,), + 10C + GSiOZ% 6CaSiO; + 10CO + P,

2P0 + 10C——» 10CO + P,
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=. Compounds:
1.[-3] O.S.

PH, (phosphine): an extremely
poisonous gas with an unpleasant odour.

(1) Preparation:

BMASH,ERRMN, HEE

XS B B L

18]

gk%’ 7\5

A

B W) HEH) & PH, ()
2P, + 3Ba(OH), + 6H,0 = 3Ba(PO H.,), + 2PH,

NFEIXASR

(NGRS ZJQW‘EI’JH%H% (diphospinire)
P.H,, ESBEERMLY), Hidmidmi.,

7/

v

RIERIREN

LK EPH U
SUICE T Ao
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(2) Properties:

a. E—EHEET (423K) , PH.RERIEMREA: BH,PO,

PH3 + 20, =

H3PO,
b. H5KKRM (HTH&PH;)

Mg;P, + 6H,0 = 3Mg(OH), + 2PH,
c. fENLewish®: PH,+H*—— PH,*
REB®BPIR T4 74 (stronger donors of protons) |,

ianl , HCIO /7 1ER, PH A %5
Lewishi.
PH3 + HClO, ——

Tﬁ%‘t

ST, FrBAPH RS

PH,ClO4 , PH3(g) + HI(g) —— PH4I(s)
TH,ORLewisHi ks TPH,, BTPAPH, *7E/KIEH +

W BPHIBANKF, REKE
PH,l + H,0 = PH, 1+ H,O* + I

E
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c. Strong reductant
CREMNFEEEREL (ncu?, Ag") BBTKEREER
x:
P,+ 12H + 12¢ —> 4PH; @5 =0.063V
P,+12H,0+12¢ —> 4PH;+120H @5 =-0.89V

8(:118'[:"4 + PH3 + 4Hgo - H3PO4 + 4HQSO4 + 4CUESO4
3(:113504 + ZPHj 3H38C"4 + 2C113P
4(:113504 + PH3 + 4Hgo - H3PO4 + 4HQSO4 + 8Cu

d. PH,IECALBE JTHENH, 58, X TESYHOLE
gggg%%?%sdéﬁﬁ&m B, TERRGT

—p




PPh, (Triphenylphosphine, =Zx&:%%):
Widely used in organic synthesis. The properties
that guide its usage are its nucleophilicity and its
reducing character. The nucleophilicity of PPh, is
iIndicated by its reactivity toward electrophilic
alkenes, such as Michael-acceptors, and alkyl
halides. It is also used in the synthesis of biaryl
compounds, such as the Suzuki reaction.

Pd
catalyst
Ra‘_BYE + RE_K » R1_R2
Base
8]
U (i) CBr,, PPh,, Zn B(OR),
(i} "BulLi, 2.1 equw
| (i) Catechulhurane Pd(PPh,),, 5 mol%

MaOEt, benzene, reflux

citranellal capparatriens

A%% The Nobel Prize in Chemistry 2010 Photo: . ontan Photo: . Montan Phota: U. Montan
Richard F. Heck. Ei-ichi Negishi, Akira Suzuki Richard F. Heck Ei-ichi Negishi Akira Suzuki

The Nobel Priz Ch stry 2010 was awarded jointly to Richard F. Heck, Ei-ichi
. R . Negishi and Ay IKI "for palladium-catalyzed cross couplings in organic
73 The Nobel Prize in Chemistry 2010 m? s PRSER SN ER0S PG 7



ok ) B SRR K =5

ZFR 2 BRI AEILEL (LA ) 2y ARy
(|3H
R (LR ) |HaPOy [+ 5 O:T—OH
(ortho)phosphoric acid OH
""""
FE TSI HyP,07|+5 . o=IP—0—|P=o .
i | | g
pyrophosphoric acid | oF oF
..... 0
i ARY
ThBEEIR HPO5; |+5 . P - OH
i /7
metaphosphoric acids 0 ____________________
....... OH
i |
RIRTHIA H,PO; |+3 . H-P=0
; |
(ortho)phosphorous acid OH __________________
....... OH
YA H3PO; [+1 H - IP -0
i |
hypophosphorous acid iL ______ H ___________________
| |




2.[+1] O.S. H;PO, QGXRBEER) KHih
HsPOZ—JCRR(H,[(HO)PO]) K,=7.9%x102 H OH

N
Er\
(1) fill 2 AW
P, + Ba(OH), + H,0—2—PH, + Ba(H,PO,),
J H,S0, T

H.,PO, + BaSO, g*‘\
(2) H;PO, R E th ER R BRIEF R, 1R BRE A
H.PO, +4Ag™ + 2H,0 = H,PO, +4Ag(s) +4H"
AE: H,PO, +OH —2C 5HPO? +H,
Ni** +[PO,H,]” +2H,0 =— Ni+PO; +4H" +H,

=2 LY
(3) H3PO,Z R KR A B
3H[PO,H,] == PH3 + 2H3PO;
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3.[+3] 0O.S. P,0,, H,PO, (ERERR) KILE:
(1) Structure

SNG4
P, +30, —% 5P, 0,

ﬁ T ongﬁ? ElEl'fZIKIE 4066:}'%317)& ﬁﬁ
P,O¢ )L/\PO3_ﬁ§1§: y Al

A /ffffif‘?xp
/ )

O—ov—p—

(2) H,POL 72 —JulR(H,[HPO,])
W K, K5 T73.6°C, SiVATK, 20°C HO

I5f, VAR Y829, ZyWAmEIAE . 2L 6/
Ka1 = 16X10_3 Ka2 = 63><.|.O_7 H/ O ‘)\




H,PO, (TEREES)

> il s

406 + 6H20(m)

& ZiH, PO/l DI HALIA
Na,HPO, + Pb(Ac)2 == PbHPO, + 2NaAc

PbHPO, +

H,S = PbS+H,PO,

> HaPO, & 581

DR

HgCl, + H,PO; + H,O = H;PO, + Hg + 2HCI

H,PO, —2

NO, & >H,PO,

2H.PO, +H,S0, —2¢ yH PO, +S+2H,0
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4.[+5] 0O.S. P,0,,,H,PO, JILE:

(1) P,O Hitd: ZmSE iﬂﬂﬁu*%%up 07+ F4H
AP 010 BEHANPO, MY E -

O
T 143pn —] 160pm
4 —D
g / 0
if 1 ]
. D == o/p\
oo~ g
4 d
(B
o~ R0 o-f""lfL"‘-“‘“-D
/ D\O\P +0, i O_{ 'O\r:sm_'\ﬁ'—o
o;._.__pLD/ D-——ﬂ—ﬁzﬂ;o
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WEEF (P4Ono, fﬁ_jgﬁ'ﬂPzQS)
P, +0,(E 2)——P,0,,

SR
P, +30, —2E% 5P, 0O

»Ps010: HEEAR, BEAERMEMBKME BT
H 2T DIFBILEARIK.
P>Os5+3H>S04,=3503+2H3P0O4

P>Os5+6HNO3=3N>05+2H3P0O4
P 0, +6C H . OH ==2C,H,0P0(0H), +2(C H.0),P00H

> SRS TN, AR

wHE T R#R GE#ED)
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H,PO, C(IEBEER)
Emm%@ T

H + H,PO, K.= 7.5%107°

Lii

PalLling%erUllJ~. AR BN
EE"%T%L’%&KM‘ a2» I'<a3 Z-

H;PO, :
. ~1:105:10°%0, .
H,PO, H™+ HPO? Kp=62x10"
HPO; H™+ PO,  Ks=22x107"
HO_ P=—-0
TR A, HOTP>0
HO

152 pm T

158 pm
‘) O —— 1 - /o/ J‘ﬂ\o
N *57 pm ' i

-H—0O0

112

O——H cee HEE

> AR IR 2 TR, 15542°C, MIER, ZETK. T
f 1% 2 83%(14 mol-dm-3)~98% F) M V& 1K -
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a. Preparation:

(1) P4Oqo + 2H,0O —— (HPO3), (tetrametaphosphoric acid)
(HPO,), +H,0 =HP,0,, — 22 5>H,PO, + H.P,0,,
tetraphosphoric acid
"2 yH.PO, +H,P,0, —2 52H.PO,

(i) PX; + 4H,0( i1 & ) = H,PO, + 5HX
{H PX; + H,O( fR & ) = POX, + 2HX
(iii) Cay(PO,), + 3H,SO, = 3CaSO, + 2H,PO,
(iv) in lab:
P, + 10HNO; + H,O = 4H,PO, + 5NO + 5NO,
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b. Properties:

S omIAET K, AR B .
IRZ WERE: H PO, , HEERA: PO; MW

0 J,OH
D / \O
SP0_ .0 0 )
~p \P P
A0 £\ O o
O "0 O 0 o H
H
M;P;0, H,P,0y,
s S 3
. B4 HO—P—0—P—O0—P—O—-w—P_OH
TR 2 WL H,.,P, 05 4 | | | |
T S OH OH OH OH

XCEHAMINHEA R, e e ERE, BEEmEE B,
It AH, PO, H AT PN E 25 5
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ATP: =g IRt ( Adenosine triphosphate )

TEAEELRIS12 (Glycolytic Pathway) B, — M EIEEATIBARNFATPA T, RN

CaHi202 + 2NAD" + 2 ADP + 2 HaPOs — 2 NADH + 2 CaHsO=z + 2 ATP + 2 H20 + 2 HF

OH OH
C10HgN,O,NH,(OH),(PO;H)3H

= e g PR B -
ATP + H,O — ADP + P,
ATP + H,O — AMP + PP,

AG" = =30.5 kd/mol (=7.3 kcal/mol)
AG" = -45.6 kd/mol (-10.9 kcal/mol)



=REERRH (NagP;0,)
2Na,HPO, + NaH,PO, ——>Na.P,O,, +2H,0

SEBRMEAEAREFCAAL [ 0 o O

WS TRAG, SHEHAEIER | P P P | gt
B, RERAR I EEROEER T | O 5O 5O 50
SPNGLEF : It s

> EAEEEEEE TR, TGRSR AKBITE R

> X A A i%@% N R HIRCR X ARl P i
e A HIER, Xbt. AR FREATS IR s EH, ERe
“ﬁ%ﬁé@J%%ﬁﬁﬁ P2 AR A PR AR I, S B PR R T
P70 P ARG 5 2595 g R B AR

> e WMEMER, BIMEA RIS Ya A W RE s DR AR — €
RIBREE, AR T BRI 75 I 1 25 K3

> eI B AWBOK B BB S IER, BRI R b 5
il foh 23 28 O T BRI 54



//upload.wikimedia.org/wikipedia/commons/7/72/Sodium_tripolyphosphate.png
//upload.wikimedia.org/wikipedia/commons/7/72/Sodium_tripolyphosphate.png

H4P207 (n\%@)

KP =02, K? =6.5x10" ggguﬁﬁ%@%z&
f— _— " a N a N a ...Z
K =16x107, KO =2.6x107" N & 8

i, KO5K,© . KO 5K, OZ /N,
KO MK ZERR A, why 7 7 2

H, PO, HHRF Ik -5 H A5 145 k-

P[P O ] U T 4415 FH 2 i T A AR 3
Ky 5K, HIH* 73 311K B AN AS [F] A Y
A EH T, RN T
Pauling ML I #1 X 5L O Y
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N

Vv V V Vv ¢
N
SRR

R

J

S
ML
J

R
=
o

B (= Jo X LA

- R(Z= oo Bl
- (—t) — 197 T H,O— R I
SBR(IT) — 140 TH,0— TR KT
H.PO, —> HPO,

H,PO, - H,P,0. > F

)= 19 FH,O->RER

J03

Aa e FERE N, MRIVENE % |

AUl AEER IR M o T
K, TR R

_AEBZ)

59, U: HclOg(591R)-

HIO,,(+

H 5 fiR)

—A) 1 / \ % H O% D \§ m
H.P,0,, H,P,0, H,PO,
(EEBR) | (BBER) | (E#R)
Ka,° 2.9x102 6.7x103
Ka,° 102 5.3x10°3 6.2x103
Ka,° 1073 2.2x107 4.5x1013
Ka,° 4.8x1010
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(3) BEMREE (phosphates) i‘!"“
H,PO, + NaOH = NaH,PO,+H,0 B _ &k 4“ aaaaa

H,PO, + 2NaOH = Na,HPO, + 2H20_

H,PO, + 3NaOH = Na,PO,+3H,0  IE&
297 SHILRIBRE, WTHE? “*’ 4‘

NaﬁPOﬁ’UK!ﬁﬁﬁz%@jﬂ
H B HPO42 = PO43 + H*

KA HPO42™ + H20 = HoPO4 +OH
HPO42 /KARFEIE > FLIAFEE
H™ + H,PO; Ky =7.5%107 Na;PO I 7KV i S Ak

PO, K,y=7

H;PO,
H,PO, H™ + HPO? Ko =6.2x10"" K PO4> + H20 = HPO4? "+ OH
2 4 4 al . ) N
HPO> =—2=H "+ PO> K,.=22x107" PO TKGFEFE R,
4 4 a _

ToHL !
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Fhosphoric acid speciation

T T T T T T T y
—_ — = —_ —
(m (L) =T (|

100

Fi14 01 8AILE|E] LOREWIO) o,



a. Solubility of phosphates:
> R — A (MH,PO,) B i 17K
M,HPO,, M,PO,* K" Nat,NHs 4b, MR T 7K.

> R O R R A AV TR R A AN TR R R 7K A

> AR MR Hh (IR ERECERD WA TN AN AGNO, TR
W, B RAGPO,, (B F):

2Na,HPO, + 3AgNO,; = Ag,PO,]|+3NaNO, + NaH,PO,
(HPO; +3Ag" == Ag;PO, 4 +H)
Ag.PO,| ¥ fs; Ag,PO,|Hf; Ag,P,0,|Af
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b. HCaO5P,0, kR M EIF=EN R T-P,O: KRB 73

' Ca,(PO,), 40% — 50%
CaO +P,0, — > |[Ca,P,0, 50% — 70%

OTEAL: TRERRES(EEY). HId BERR A (R — &4N)
Ca,(PO,), + 2H,S0, + 4H,0 == Ca(H,P0,), + 2CaS0, + 2H,0
Ca,(PO,), + 4H,PO, + 4H,0 = 3Ca(H,PO,),

> fill % Ca?t. Mg?t1EmifR £ 77 X HHHPO,2-, why?
KPO,2AnEb, KA IR
5Ca*" +3PO; +H,0 = Ca.(OH)(PO,), +H"
5Ca?" +3P0O% + X~ = Ca X(PO,),(X=F,Cl)
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c. Identification [EE]
OEREREl S E N R

PO RIBAEEIRHNO, KT EMAI(NH,),M00 14

WIRE, IR HE BRI
PO43‘ + 3NH,* + 12M0O,*" + 24H* =

AsOy WHILRAL, (HEMEREANET NHiAc MINNH,),C,04 ¥, Ti4H

RERR T LA T WA, BAREAIEE TRAEK.
ISk G NENE

FEEHPO, 2 IRV IEENH, - H,OFIMgCL,, | £

Mg2+ + NH,* + PO,3 = NH,MgPO, (H1

B LTE)

AsO, WERLIABIHE, B AgAsO, JIIE =

I 4168,

. >
=N
S
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Stability of phosphates
B, RIRETFENECAE, TERRIEE

PO Lb B AR R AR VA4 BT BRI EC S V7R %€
RXEHTHERETS5BRE T ZEFEd-pr; THE

+[E

PH S, BTHEFEERTRESEPIR

FA3dELIE.

S

WEPH,*, PO,H,~, PO,HZ , PO HasEtk:

H /H . H\ H H\ jO . O\,\% O .
[ p ] g ] [ pe ]
P *e; " ’.. o 0%
H H 0° "0 0 "0 g o
phosphomium-ion  hvpophosphite1on phosphite-ion phosphate 1on.
>

OETHT, PEFEOEFEMd-prtT , FEtkT
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5. X4t (Phosphorus halide) , fRALHE

(Phosphorus sulfide) , &

M ( Phosphorus nitride)

(1) XiLBE:  PX;, PXs
R | P PX, —2X2>PX,
CL PCl, PX; 2 >POX,
+P(E E) | T B o
2 C12+ 6P —)2 P C13 iy
CIZ(ﬂ %) PClS . O
+P = RN ESR " )
PC]-5: E‘:ﬁ?ﬂf:
o (PR spdaRft)
PCls: =F4ERY
5CL+6P—2PCl; (P: AR sp3Zeql) )




a. hydrolysis:

KR

PCl3+3H20= H:PO3 +3HCI

7}(EZ_L_1 Fllzﬁykﬁq:
PCls+H,O=POCl3+2HC(CI
POCI; + 3H,0 = H;PO, + 3HCI

HERIKP, STTEEIKEE
PCls+4H>0= H3;PO4++3HC(CI




b. 5@\ %J

J.R_{Z:

PCI; + 3F

OC,Hs = P(OC,H¢), + 3HCI

PCIl; + ROH = POCI; + RCI + HCI

c. SBRETFHEYIRN:
PCl, + BBr, = CI,PBBr,
PCl. + AICI, = [PCI,]* [AICI,]

d. PCI, 5ifk

PBr gafaH

[PCI,]* [PCl ] 4Bk,
[PBr,]* Bréipk

95



6
5.

q 4.

o JEISKEN
gw%nﬁﬁ%@wI

e. -

3s

P

5
3q
4 -
3
3 :
3
[ A ;
I ~viY
4k,

2
sp3d




(2) At

a. structure:
P483
SMP‘“\TS

!

b. hydrolysis:
bU LB B B O
(ALE
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(3) BB AL -

d.

< A T AR i 2

ANH, + PCl, = NPCI, + 3NH,ClI

NH,CI +

OCl. = NPCl, + 4HC

b. NPCIZ,E[%

N, P Cl., P T 42 45 14 22 ST 4H B

Cl CI

158 \
P
NN
ey
"'O """ \1214 7 —
102 N 3
AN

PR (ring)

Hexachlorophosphazene

Cl Cl

\\P % /Cl
P x

{ \

-"-.. P b
e
Cl ~

W AT LUK zig-zag

,f“P“x

HPI
| | 1 lf " ol

piL|

i Y

98



99



§ 14- 3 The Arsenic Subgroup
—. General properties

> As. Sb. BiFEHET—KA-3, +3
F+5 | HT-6s2/5% B F X3
(inert pair effect) , FrPABIiHIAFE
A N+3;

> . 8. S—FEHTHREE
435 5 Hh 5E 20 B TS5 X 1074%-
1X104%. 2X105%, @] LADLE

AR EARITEAITFE; TEE

AHFEN AF: Aszsgl&ﬁﬁ

As,S, HERE, FeAsSHEER,

Sh,S A, Bi,SHEMY .

> RESHHEHASE —.

——




BN (inert pair effect)

The inert pair effect is the tendency of the outermost ..~
s electrons to remain unionized or unshared in \@ »,Q>:°/
compounds of post-transition metals. W - °/'C?/"'

»The term inert pair effect is often used in relation to the increasing sfability
of oxidation states that are 2 less than the group valency for the heavier
elements of groups 13 (Ga,In,Tl), 14 (Ge,Sn,Pb), 15 (As,Sb,Bi) and 16.

» The reasons for inert pair effect lie in the Theory of Relativity. With the
heavier elements like lead, there is what is known as a relativistic
contraction of the electrons which tends to draw the electrons closer to the
nucleus than you would expect. Because they are closer to the nucleus, they
are more difficult to remove. The heavier the element, the greater this
effect. This affects s electrons much more than p electrons.

FREM: PO < As{ID) < Sh(IIl) < Bi(Ill)
P(V) > As(V) > Sb(V) > Bi(V)

Ref.: N. N. Greenwood and A. Earnshaw, Chemistry of Elements, Pergamon
Press, Elmsford, NY, 1984, pp. 255-256 o1



General properties of the Arsenic subgroup

> SRV, LEELNT, EAMKFRRE, Higs
IR & B I -3 AL &

> RN As5BR. By, Sb. BiR 5 & MN;

> 58 TERR I N A B BB S AR, As. Sbi] RI+547,

Bi R Ge2+317;

> mim N, As. Sb. BifgflE. . KZ:E&MN, FEY—E
+31r, SRR Z+50T

M,0, <2 B PS04 A5,06 Sb,(SO,):. Bi,(SO,),
M,S, " =0 H.AsO,. Sb,0; nH,0. Bi(NO;),
MX, I .sbel;
MF;. MF; «— NOH »Na;AsO; (Sb. BifREF) As’yamphoteric

CPATED
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2As+3H,S0,(#. #)=As,0, +3S0, (g)+3H,0
3As+5HNO, + 2H,0 = 3H,AsO, +5NO (g)

2Sb+6H,SO, (#«. #)=Sb,(S0,), +3S0, (g)+6H,0

3Sb +5HNO, + 8H,0 == 3HSb(OH), + 5NO (g)

2Bi+6H,SO,(#. ¥#)= Bi,(S0,), +3S0, (g)+6H,0
Bi + 4HNO, =— Bi(NO,), + NO (g)+2H,0

2As+6NaOH—->2Na3AsO;+3H;
AAS + 302 — 2A8203

2As +3CL = 2AsCl,
2As+5F, = 2AsF.
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.. simple substance
1. allotropes

O A B K. . BEMRRFIM, MEBKH .
ofiielbEm, B dawE, EEABIRESER

Ar: yellow arsenic (REM%); grey arsenic (SRER%);

black arsenic

Sb: yellow antimony #1 grey antimony

SUBL AR : . :
R y yellow arsenic (JFT CS, ', S5HBEEFIAHLL, nonmetallic form)

TR AR B, lﬂ,@‘z hv al | anl | e

Asa(g)

-

VOV O

Grey arsenic (5 BB HIFHLL, metallic) la

A &8 &8 58 &
WL

,ﬁ' @,AS4 lﬁ '—il [r)'j Crystal structure common to Sh, AsSb &
‘ and grey As

3 £
P 4 HI 4514

0% ZJR T4 T (As,. Sb,. Bi,+Bi) -



2. eutectic(FL4¥) mixtures flgreater hardness mixture

M. Bh. SRR S RZHUERIEHESEMLEY.

(1) Wood’s metal L& &: Bi (50%), Pb (25%), Sn
(12.5%), Cd (12.5%) m.p.=65—70°C, {&T7KHk
(2) Bi (41%), Pb (22%), Sn (1%), Cd (8%), In (18%)
m.p. = 47°C ({REE£2)

(3) Type metal: Sb (25%), Pb (60%), Sn (15%)

Alloy Melting point Eutectic?|Bismuth Lead Tin |Indium Cadmium Thallium
Rose's metal 98 °C (208 °F) |no 50% 25 % [25% |- - -
Cerrosafe 74 °C (165 °F) |no 49% 37.7% 11.3% |- 8.5% -

Wood's metal 70 °C (158 °F) |yes 50% 26.7%{13.3% |- 10% -
Field's metal 62 °C (144 °F) |yes 32.5% - 16.5%|51% - -
Cerrolow 136 58 °C (136 °F) |yes 49% 18% [(12% |21% - -
Cerrolow 117 47.2 °C (117 °F) yes 44.7% 22.6%/8.3% (19.1% |5.3% -
Bi-Pb-Sn-Cd-In-T1/41.5 °C (107 °F) yes 403 % 122.2%|10.7% 17.7 % |8.1% 1.1 %

Wood's metal
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//upload.wikimedia.org/wikipedia/commons/2/23/Wooduv_kov.jpg
//upload.wikimedia.org/wikipedia/commons/2/23/Wooduv_kov.jpg

3. preparation:
AN . WIMETEAS, Sy THEEHAS,S,. HHif
P FeAsS;. MBI Sb,S;. HEEA BI,S,
(1) 2M,S,+ 90, =6S0, + 2M,0, (452)
M,O; + 3C = 2M + 3CO

(2) Sb,S, + 3Fe = 2Sb + 3FeS



=. Compounds

1.[-3]

0.S. AsH, SbH, BiH,

(1) preparation:

a. MgsE, + 6HCI = 3MgCl, + 2EH,
b. NasAs + 3H,0 = 3NaOH + AsH,
c. As,O;+6Zn +6H,50, = 2AsH; + ZnS0O, + 3H,0

TP EELERNAs , TR AZNEBR R MNFIH,

AIRKHERE, AR SRR, NTmEE.

d. KBF
KBF

, + NaAsO, - AsH,
, +KSb(C,H,0,), > SbH,

LIA]

H, + BiCl, —2=> BiH,
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(2) Properties 0

a. AsH, SbH,, BiH ZBAERIEHESH%, 8 Repl (" A> >.
feAsH;). AsH,, SbH 4 FJLFEHKME, FrLh

AsHARMER BLASH, " S{k¥ | NH;, | PH; | AsH; | SbH,

AsHy + HI = AsH,l  (IRiED | geg [ 1073 | 931 | 91.8 | 913

IMm7ESbH,*, BiH,* & iheEf | 109°28°

b. EFESHAsSH, B
AsHz + 30, = As;03 + 3H,0 XRM T AcH gy, >0, FTLLEH: #AGRE
EBVEI, 2AsH, —2C 32As+3H,, WEMAERE LAESEICE, KA
. R EEE I N AERS HH 0.007mg [ Af---5 (Marsh) Qi
c. EH.BEEEFR, 5KMnO,, H,SO,, H,SO,, AgNO,
S
)

12AgNO; + AsHz + 3H,O =—— As,03 + 12HNO; + 12Ag o
----- & (Guitzeit) iR, a/fet 0.005mg As,O;
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® PH,. AsH,ACAzEE /)98 T NH
FPESE O AR SRR

o ii
o i

G BRIRTUR AN AR
SHEE
B[R ERLSS
t NH; H,0 HF
PH; H,S HCI
AsH, H,Se HBr
SbH; H,Te HI

uant

N EE

g,

RN E RS

3l
2

—_ .

B
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2. +3] O.S. M2O3 I\/I283
(1) E AW B R Ha 4
> As,0, (RtE) WtkmEt:, WTK. BRI
As,03 + 3H,0=— 2H3AsO; ,  As,03+ 8HCI=—— 2HASClI, + 3H,0
As,0; + 60H —— 2AsO3 + 3H,0

> Sb,0; PItEfmBRIE, DBETIK, B TERMGH

Sb,0, + 12HC

= 2H,SbCl, + 3H,0

E,O, + 2KOH + 3H,0 = 2K[ E(OH), ] (E = As, Sb)

> Bi,Op WBIEENLY,

FAs, O, KI5

AET K B8, R UUBISFE
FEEIH, ArCAER IR R E

IS s, T e g (RONAERBECE T .




T o B Tl o

WM R, R R RSSME LTS +3 — +5)
>
M2Os3 As203 (H) Sbh.0:(H) Bi>03(F])
L7 BlS
IKEH | H;AsO, Sh(OH), Bi(OH),
Bt | AMimER AT R SSE
M2Os As205(H) | Sh20sGRER) | Bi20s(4115)
IKEH | H;AsO, Sh,0:xH,0 | AR E
B tE | PomBRtE SSBRTE (Na;3BiOy3)
<€

e
At

Ba T4 1858, R SSMA TS +5- +3)

SHIRBR TR, WREE

HTIEME FIIHUN, ST

BRI, |MHEERE,

A BB IEIER, ﬂk%&H*

AT

i s e T
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3

> . B BRENY KK SR EAE R
EO(H,AsO,/H,AsO,)=0.560V
E9(Sb,0,/ShO*)=0.605V
E9(Bi,0,/BiO*) =2.03V

b

R BIO* < SbO* < H,AsO,

a. ﬁzjjl_ﬂ?l)d
3As,03 + AHNO3; + 7/H,O —— 6H3As0O,4 + 4NO
Bi(OH); + Cl, + 3NaOH— NaBiO3 + 2NaCl + 3H,0
b. pH XJEALIE SR S

_OH
NaH>AsO5; + |, + 4NaOH e Nas;AsO, + 2Nal + 3H,0
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(2)

kA&

> il £ :
\ AL DIESTU K/ Sam N = VA

& H,SUTIEiE: XFTAs(V). Sb(V), F=¥A4l

A E S 1 il £ -

2 - 3- i
E,S,+5, ==E5%, 4E285+H28
As)S; | SbyS; | BiS; | As,Ss; | Sb,Ss
H ® | ® ® |’
K FNF% Aia Iin Ain Ain VS
By
RHC | T8 | B4R | BAos | A8 | Rk
fit fiet iR
NOH | & | R | FE | ® | &
%HNHZS
Na,S, S S ia S B
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> @\ Eﬁ{éz:

P E(RER

As,S;(88) As,S;((REE)
Sh,S;(f8) Sh,S;(1E5)
Bi,S; (t778) -
%

HE »F



> TR

Bi,S;A] ¥ T4 mol/LFJHCI;
{HAS,S,v Sh,S,AIEFIR, Bi,SAETHR
Bi,S; + 6HCI = 2BiCl; + 3H,S1
Sb,S; + 12HCI = 2H,SbCl + 3H,S1
As,S; + 6NaOH = NazjAsO4 + NajAsS; + 3H,0
Sb,S; + 6NaOH = NagzSbO, + Na;SbS, + 3H,0

b. FERALGAH IR Bi, S, B, FETNa,S
3Na,S + As,S; = 2Naj;AsS,

c. 5ZMUMREEAN—EIE RN EMR, Bi,S; AR
Na,S, &4t
As,S, + 3Na,S, = 2Na,AsS, + S
Sb,S, + 3(NH,),S, = 2(NH,),SbS, + S

i
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d. B, BAEALPIE,S,
AT T Na, SHH, FE T
E,Sc + 16NaOH = 2Na;EO, + 5Na,S + 8H,0
E.S: + 3Na,S = 2Na;ES,
Bi: 4E,S, + 24NaOH = 3Na,EO, + 5Na,ES, + 12H,0
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(3) X4t  EXs. EFg. SbC,

& KR

AsCl, + 4H,0 = H[As(OH),] + 3HCI
SbCl, + H,0 = ShOCI + 2HCI

3iC 1+ H,0 == Bi0CI+IHC
Bi(NO,), + H,O = BiONO, + 2HNO,

> +3#1Sb. Bi/Kf#&

=1EF

- EAL

= MPCIl, — BiCl KR RE IR 55

>7Jﬂ@—fil’q]$ﬂ ’ %D*ﬁl

. 2 P il P TR
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3.[+5] O.S. E,O:,E,S., EF.

& %

> As,05 50,/ Ek &

> B, =B MYHE IR EMS S AR BUK S5 W, oK
35+ SHN O, + 2H,0 == 3H 500, +5N0
3AS,0, + AHNO, +TH,0 == 6H As0 , + 4NO

v As,Oq(H ) Zlifi#, TERH;ASO,, MHi5H,POHLL: =Jt
Fromle . BRI S W 5. ZRONER L

v Sb,O:(Fi t0) V& TG EhER th. HSb(OH)s: —JCFR. ZEH T4
IO(OH).. Te(OH)g; spld24:tt, J\IHAA; [SbOg]/\ it ] 1t
FH A=A

v Bi,Og(ZLF5% ), ToXTN & MR, BiO,f71E

118



> VR
As(V)H] BAAsCl,~, AsO,3 , As(OH), T RFE1E:
> As,O8 T 7K
As,O; + 3H,0 = 2H;AsO,
> Sb,O MW T K, AT
Sb,O; + 2KOH + 5H,0 = 2K[Sb(OH),]
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> %'EE:
Sb,O; + 10HCI (#¢) = 2SbCl, + 2Cl, + 5H,0

HoASO, + 2HI—BERE 4 as0 + 201, +H,0
AsOl+ 1, +20H — ZP2y As0 421 +H,0(% &)
X Sh(V)SEMWESAs(V)HLL, ANEEELLCE

NaBiO, + 6HCI(#) —— Cl, + BiCl, + NaCl+3H,0

BI(OH), +Cl,+3Na0H — = NaBi0, (s, & )+ 2NaCl +3H 0

2Mn?* + 5NaBiO5;+14H* == 2MnO,+5Bi**+7H,0 + 5Na*
K T S 2165, % 5EMn2Y)
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J“Ll'.\z:l:: N\ P\ AS\ Sb\ Bl%%%
1. NH, {5
REE: ME—BEARAA

BE 21 ANE (H=EAE]) ,

® Nesslerifif]: KHgl, + KOH w75t 340k e
HE

NH,Cl + 2K,5[HgL] + 4KOH —— [0 SNH, ]I} + KCl+ 7KI + 3H,0

IK i ‘ﬂ—l HE/ LD’
xﬁ&f;jﬁé@ﬁo.spg NH,/2uL
2. NO, 4% -
@ KI(R1t)+CCl,: 250 21+2NO, +4H*=I,+N,0+2H,0
@ XfEEEAR IR ra-FE g (HAc) « 2L Hwﬂﬂg-mﬂﬂrrﬂ-@w

B MMM T i HNO= AR IR - - NN S0
FeSO, + NO — Fe (NO) SO, GREEf7)




3. NO; HJ&5E :

@ KRt HE5 (H,S0,/2140) +F FeS0,+KH,S0,
NO; +3Fe*" +4H" ==3Fe” + NO + 2H,0
Fe’" + NO +S0: ==[Fe(NO)SO,]

2 F A
JNO, +8AT+50H +18H,0 ==8AI0OH), +3INH,
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4. POSHIERE:

PO, + 3NH,* + 12M00O, 2 + 24H* =

(NH,),PO,*12M00,-6H,0 |+ 6H,0

ZAF: HNO,: 1.872.3mol » dm 3 (& &), TEMEHRS/KEM,

ﬂ:_l:—‘}/{:’ ﬁé%ﬁﬁﬁ@ﬁ%ﬁﬂféﬂ:ﬁﬂx gkﬂK\ NH4AC\ <NH4)2C204
o[t

Mg2* + NH,* + PO,3 = NH,MgPO, (B &J1E)

/
@]

4 Ag, PO, TTTE :
POY +3Ag* = Ag.PO, ¥
HPO? +3Ag* = Ag,PO, { +H"
H,PO, +3Ag" = Ag,PO, ¥ +2H"



D. ASOf"H@%%:
® i (U AHTH IR 7% -

SRR, ST, 2K, A TN Ac,
(NH4> 2C204’ Ulﬂj .XﬁJ\POﬁ_

® [ (4 R EE L -
55 T I B e [

O 15 21 i Ag.AsO, T IE :
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6. ASH‘J%%:
> Marshifgiik % @ il: AsH, AR E M

FR A R TP I Znik JHAs (TTT) o As (V) NAsH,, AR 52 #r B
G, AT T3 B R e B4 R Y I
KPR : >0.007mg As

As,O, +6Zn+6H,S0O, == 2AsH, (g) +6ZnS0O, +3H,0

2AsH, ——>2As +3H,

. BT [FIRE TR ks € B R B

X 5r: TRESE T ARSI, BB, B TA
SNaCI0 + 2As+3H,0 == 2H A0, + 5N aC |

> GutzeityEEEEM: AsH b JF 4
LASH , +12AQN O, +3H 0 == As,0, +12HNO, +12A0 v
MFR: >0.005mg As

> A PR R e o O DT K

T

IS

jI::I,IJ 125
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7. Sb(III). Bi(III)f1%se: Eiuh

WA 5 -

H|

b

1Sn (I11) & J5Bi (111) N4,

—3

HB1

1B +3Sn(0H); +90H ==2Biv+25n

A B AE Rl B

WEMINSh (T11)

Note:

I TR MmAR = H &

)
A VERINBI (T11), 22184 /vt

0H )
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