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Chapter 14 Nitrogen

Family Elements

Nitrogen Phosphorus Arsenic
N P AS
Antimony Bismuth
Sb Bi
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nitrogen | phosphorus | arsenic | antimony | bismuth

Eﬁrlﬁpgjri?g;mn 25°2p° 3s?3p° | 4s°4p® | 5s°5p® | 6s5%6p°
Atomic number 7 15 33 51 83
Covalent 75 110 121 141 146
radius/pm
N MZ' 171 212 222 245 :
Jom M - : 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 27355 | 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)




RIETUR SRR KI5 22 1

_ . , 1w - 5
TLER/| LE [ : " . =1 o TR LN
%S | % (nm) s uhail i i (C) (C)
i)

£ N 0.075 3, 0, +1, +2, +3, +4, +5 |5k |1.2517/7F -209.9 195.8 EeRE | 27
1.82%5/~7 Ji €

# P 0.110 -3, 0, #3, +5 B |, —— N 280 EEE | O &R
W) |, 234505775 mpE (2R
JE 4 (218

i As  |0.121 3, 0, +3, +5 Bk |5.7275E/r T EAK 817 613 ko= | BA&BIE

% Sb |0.141 0, +3, +5 Bk |6.684 5 7 E 4 16307 1750 SR N

it Bi 0.152 0, +3, +5 Bk |980% A EK  [271.3 1560 &’ &R

BT S R, SR 5

silvery lustrous gray

Sb

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

metallic grey
AS

colorless gas, liquid or solid

N, (li Qf

lustrous silver

Bi

I:iquid nitrogen




§ 14-1 Nitrogen and its compounds

—. General properties
> HE M (electronegativity, 3.04) U N, (gas)
KTR(E.0). K35 KO16)

> NFIZERERATP. CH=EEE
BE, {ENHRERE ﬁ CEEE
N=N 945kI'mol
P=P 481kI-mol”
C=C 835kJ-mol”’
N_N 200 kJ-mol >C (< 346kJ-mol

> BEIEMABCAN-3, -2, -1, +1, +3, +5;
HE+2, +4 4



—. General properties

> BONE

> fPAE:

WYk A (AR EE
FEN4.6x10-3, 3

E'

%*ﬂfﬁ%mﬁiﬁ
FEGAETT

H,

ID"iE’JEH;cE:%?) TEHL 7 3EI’J—
- B LUHA (Chile saltpeter BAFEA

R B iy (proteins);

T CHERERAIT78%)  F

NaNOs; Indian saltpeter E FZ RS A1 KNO,);

WHAETESMKMARA, REAE, BEET.
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>LITT2EE MG =2 T &, 1 HIESLE. s Daniel Rutherford
D. Rutherford % ¥l. D. Rutherford/x¥L¥ A=Yk
ANHp#E S Bk, Kby 44 Anoxious air(H
BE I AAE);

> 17874FLavoisierd H R ~HAzote R AT
?zotos(ﬁﬁ$ T EEPE 2 AN “ RS

>{E§IE|3@E%%ustlcken(j~ﬁC BRI Stoff(#) 5 ) 21
&, % ANStickstoff(SEE B RIWIR), H 3 K5
VHEEHIKBZEFAN “BR7 .

> Jo 4 FRNitrogen >k H A & SCNitre(H 471 Fgen
(K ... I R 2 A (R FSAs A WD ) o
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.. simple substance
1. N2FIMOFER AR : kK (0,5) 2(0,5%) 2 (Tr2p, | 2IOy)4 (02p,)*
FrblB.0.=3 , BB IIMERE.

NN 9
n* 2 P, _ — n* 2p,
O—-E)r—no \ 2P / 2p

Tap, NN my

N>(g) IN(g) AL =945kTmol”  K=10""

3T = 3000°CHY, N, HIE AR ~N0.1%;

X AHBEYIRE EEEN —REEAERSEERE LT
LS HINZRE BT




2. B2 EMPIIAHL >0, TMAS<0, FrPIAGL &2 KT

T, HWBENDERS1FZ ERTRE, Gk

3. Eﬁ%%ﬁﬂ‘ N, RALZIE R, E—E&ET,
L| Mg Ca Sr, BaELE,WSNZ T E

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

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

wl o &
(1) Industry: BETSULE21E;
(2) Laboratory: NH,CI| + NaNO, = NaCl + NH,NO,,
NH,NO, £ N, + 2H,0



=. Compounds

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

101.7 pm .o L__‘_:F; o j
4 N . 30, %@
H" 4H A

H 107.8° P, P, ‘.l:r:*:;--__i-':__

(22.4eV,15.2eVH10.5eV)

NIT S T H y %
N H“?%f Ao -
MH

(GS) 2(Gx) 2 (oy) Z(O-Znon) 2
> N: sp3i&tEith, =AER = E%
> PR (u = 5.53X1030C-m)

> AWK, TWEEKEBR: BRI KIKEN3S. 28%, {H

|
&

'%@
y

WEBRKGBESEHE, E258EE, BAZEE.
R T B R E K IR B /&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) RN

> ik JE] ComAE T -3 AREMNE)

INH, + 30
ANH, +50

(4) > 2N, +6H,0
(&5 )—25 4NO +6H,0
6NH,+3CI,» N, +6NH ,CI or

!N H +3Cu0— —>3Cu+N ,+3H,0
INH, +6CuCl, — “E L 6CuCT+ N ,+6HC

> VENE AT J (]

Mg+ INH,

—@iﬁ—>Mg3N2+3H2

12



(2) RN

> B E——IN & SOV AR BRI L &9 7E NLewis
W5 B 2 PIE ] Lewis R K N & 1)

H'+ NH, = NH,
BF,+ NH,=FB:NH,
> WA (R
HA B AE A-NH, . =NH(E &4k #). =N(&AL)
NaNH, CaNRH Mg,N,
COCI, +4NH,==CO(NH,),+2NH C|
HoCl, + 2NH, == Hg(NH,)Cl+ NH ,C

13



(3) A Liquid ammonia: KB LB

> BBEE

2NH, = NH,* + NH,"

acid base K =[NH, J[NH, |=2x107(=50C)

> NH,Cl. NH,NOZEBE F NIRE,
KNH, Ba(NH.,), fEWRE F N,
Zn(NH,),~ AlI(NH,). NP (amphoteric)

> ﬁlﬁ %@ﬁé/
FAES| Y

EE

EREEHR, BTREETH

Na+ (x +y)NH; =<—= Na(NH;), +e (NH3),

X omid R A !

S o B g Na) ad B4 o

R ] 2 Na T SE A 2 A1

14



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

(i) EEAmMmonolysis
PCl.+ 8NH, = PN (NH,), + 5NH,CI

PCI,

+ 9H,0 = (HO),PO + 5H,0Cl|

SO,Cl, + 4NH, = SO,(NH,), + 2NH,Cl

SO,Cl, + 4H,0 = SO,(OH), + 2H,0CI
(iii) B Substitution

2K + 2NH, = 2K(NH), + H,

2K + 2H,0 = 2KOH + H,

Wi Coordination reaction

(iv) B

Zn(NH,), + 2NH,CI = [Zn(NH,),]Cl
Zn(OH), + 2H,0CI = [Zn(H,0),ICl,

2K(NH), + Zn(NH,), = K,[Zn(NH,),]

2KOH + Zn(OH), = K,[Zn(OH),]

15



(4) &k (ammonium salts)

a. BRI IEME, % e

EIH,J%%%TL @j(’
WINH,l > NH,Br > NH,Cl > NH,F

b. BIAr L LI T, BEEERIH
\%B ﬁl*ﬁ'fl’ é@ﬁgﬁﬁﬂg—‘ N: sp3&Eft:il,

IEVO s A
*ﬂméE B 143 pm, ML

K AP ——43 15
?

c. NH,CIF[frE& BRI RSN, BrBANH,C
%7’3 sal ammoniac (hxEp)

2NH,CI + 3CuO 5 3Cu + N, + 3H,0 + 2HCI

L}F

16



d. &EERIF iR

= 2>
- V] o
°

(i) B2

(NH,),SO, = NH,1+ NH,HSO,

(i) REFEXRT

= NH, 1+ HCIY

NH,Cl

(iii) BR%

Sl
Lo [ ]

BT

/

SEEEAN IR,

bR

NH,NO; ——

NH,NO,

N,O + 2H,0

N, + 2H,0

N,O— N, +—0,

(NH_1::|}CI'2DT ? CryOs; + N> + 4H,O
N, +Cl, + 20, + 4H,0

YNH,CIlO,

17



(5) B4 (nitride) [-3] O.S.

NasN MgsaN2 AlIN SisN4  P3Ns S3N4 ClIsN
— _J S~— -

~ o~
basic amphoteric acidic

(1) Hydrolysis:
LisN + 3H,0 = 3LIiOH + NH;3?1
(2) Reduction:
2NH; + 3CuO = N,1 + 3Cu + 3H,0

(3) MBI K7 F 8. AIN, SisN4, BN, GesN+ BB &
B, BEE, ERE.

18



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

ON

> Its wurtzite(#F-££% ) phase (w-AlIN) 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 nitragen ond boron afoms combined in a Baron and nilrogen aloms combine three-dimensionally
network are superimposed ond have o siuciure replocing carbon afoms in diamand.

20



2.[-2] O.S.
RBEBE EALIREE, BRI ENY), &

T B HIAN,H, (hydrazine Bidiamide) k. BEE
(1) structure: p=6.1x103° C:m , YiBHEMARTFR
H 147 pm

N—N

/BN

(2) BEHS
2N,H, = N,Hg" + N,Hg K=2X1025

(3) ZJusaM: BRPETSTNH,
NLH, + H,O = N,H:* + OH- K., =8.5X 107
NLH:* +H,0 = N,H* + OH™  K,,=8.9X 1016
N,H, + H,SO, = [N H(]SO,




(4) Unstable, 5
WEERE T HEL

LM N, H, IR 4R, B

HEZ‘IW&MT&%A&@%?
N,H, = N, + 2H, (Pd, Ni Cat)
3N,H, = N, + 4NH,

(5) BB CAEHIRIEOH AR H)

N, + 4H* + 4e - N,H, ¢°=-0.23V

N, + 4H,0 + 4¢ —» N,H, + JOH~ ¢°=-1.16V
AMnO,” + 5N,H, + 12H* = 5N, + 4Mn2* + 16H,0
X ES5TFKRIES T%%'m:ﬁ I,

(CHB)ZNNHZ{E_
N,H, + O, = N, + 2H

«J

,0

FEN K m st

22



(6) Preparation:

2NH, + NaClO = N,H, + NaCl + H,O
ZRMNAHZRER, EEGWD!

NH,; + CIO™ = NH,Cl + OH~  (R)

NH; + NH,Cl + OH™ = N,H, + CI- + H,O (&)

AR

/

2NH,Cl + N,H, = N, + 2NH,* + 2CI-

23



3.[-1] O.S.
NH,OH &% (hydroxylamine)

(1) Structure: L

H— @ —N —H N /07/

(2) Preparation:
HNO, + 6[H] = NH,OH + 2H,0
E ] ) b R 72 A 95 4 H] SR9E B HNO,
(3) Properties:

a. BERARENABEME, IS CEARE
srf#: 3NH,OH =NH, + N, + 3H,0 (i)

ANH,OH = 2NH, + N,O + 3H,0 (ERH:H)

Lll

24



b. BRER—JOH, WiL/PTE(K,=6.6X109),
oK BAE 2
NH,OH + H,0 = NH,OH* + OH"

c. fEH*, OH™ 1, #HRMIEIRF], FHEF=YIN,

A DL 5 S AR 2R -
N> +2H,0 + 2H +2e — 2NH,OH o; =-187V
N, +4H,0 +2e — 2NH,0OH + OH f?f']-g — 304V

NH,OH + HNO5 = 2NO + 2H,0
2NH,OH + 2AgBr = N, + 2Ag + 2HBr + 2H,0
2NH,OH + |, + 2KOH = N, + 2KI| + 4H,0

25



d. EOH%/4F, NH,OHWA[VENEALF]; 7
H*%H T, JLPEATBERANEAF.

NH,OH + 2H,0 + 2e — 2NH;-H.0 +20H g5 =042V

b b

NH:OH +2H +2e —> NH; + H,0 @i =-135V

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

26



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

N,H, + HNO, = HN, (B%& &) + 2H,0

110 H
_ NN H oo 124Pm _ 113pm
N=N=:N \I‘(—:’YHJ e Y
A P N -y
sp sp sp? :\N"'""*L_:?---N
= l G%ﬁ, ﬁﬁ—N 120pmN— N 110pm \
— TC%@)

A T174
M5

27



HN,B& B (hydrazoic acid)

» HNgse — M HAEHTHCR YD, KT, 3R (RIS
HAcHH2) , Ka=2.8X107
(1) Preparation:

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

NaNH, + N,O = NaN; + H,O
3N,O(g)+4Na(NH,)+NH,(1) = NaN,(s)+2NaOH(NH.)+2N.,(g)

® (Y Py

[ J
N N o

o o0 ® P,
N3 Sp/%ﬂﬁ
2/I\Sp_px G%@’
21 p—p n%@ﬂg




(2) Chemical properties:

a. HN, 14 5HNO AR
Cu + 3HN; = Cu(N3), + N, + NH,

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

d. #4#:  Pb(N,), = Pb + 3N,, 2HN,(I) = H, + 3N,

HN,

NaOH Zn

T 51135

NaN; Zn(N3),+H,1

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

29



1 mol-% Cusoy,
0.1 eq. sodium ascorbate = IN*N
RM, + =R .- N
H.0 ¢ -ButH (1:1) h={
rt, 12- 24 h (TLC) =%

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

Chemistry 3

O profecting groupe
trifunctionalized

+ ¥ i labels lﬂr-' ODH

-
* 30




S e [(EEARR]

-3 —2 1 —13 | FAAYI R R B R T S
NHg NoH, — NFL,OH HNs 2 7 o 3% 11 S 7 0 e
Z\ H#(ﬂ?%%) whe SR %ZK'::E, 3?2:27”%

o KA IHRE YT, ERREARER, BRE Y
® R FE M

® JENEL 5

SRR
NH, > N,H, >  NH,OH ,Zﬁif,\t,zx} NH,OH=
T * * B -
H,O H,O H,0 NH, > N,H, > NH,OH
I K, =105 I K, =106 I K,=10~°
NH, +OH- N,Hs*+OH~  NH,OH*+OH-

+H,0
Ky,~10 16

N,Hg2* + OH-

31



— 5 i Y — P g 32 £k
1Ak Fh 2 FiEh
. . R
A o Aow Aow L
R H R R2 . R2 3 \HRﬂr
R? et
R—cH,—N{ i (") H
2 "\R R/ \ﬂ/
Ja e ) \R
F Clt B Y) > R (R
o) @)
I |
R—C—Cl + R'—rl\l—l-l e R—C.“-II\J—R’
H H
L L diid
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Amino acid

Amino acids serve as the building blocks ——
of proteins, which are linear chains of _ Pasibve Negttve 1
amino acids. Amino acids can be linked 13.; "y "y C S .
together in varying sequences to form a vast ‘5’@ A Lo A0 maim 40
. . C =
variety of protelns: | -, %m)
Twenty-three amino acids are naturally -
incorporated into polypeptides and are : .:,=>
called proteinogenic or standard amino ” g ) %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 g Mg MO e e o e ™M@
because they cannot be created from other by ok Ay e g ey g
compounds by the human body, and so L s W h{_m.ﬂ NH
. hH, N, NH, 3—m} Pk - — MH
must be taken in as food. HO e e 2
Amino acid (1) Amino acid (2) |, o Y i
0=,
H ',‘ "
O A ik st Hpdroplode: S Cham
H Alanire Walirs h.n:vlca.m Laucing Kethiorine Ptk n e 'rn{-inn
R --'J.-ﬂ .-i- S LT u 2] m |20 'E ﬂ

Peptide bond\ H 'I‘ ﬂ %
H n : -

R

2 L Rk o7 Vi by v 33

Dipeptide ) ———
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IIE=RE

—
Fa¥ kL
—&

==
i
=

B Hits

N.O | k&

No | |EEER. wS
5 hES)
I

N2O- - ey

NO, ' |iTisem

NO. [ E&
&

N:Os _ EE&

HERE
ET:E ARER | g
FigEhiE®H  |-163.6
ERT SBANO
FINO, 1102
o8 F -11.2
58 Z 4t 53 B
NO-

TRIE 30

;=)
(°C)

-88.5

-151.8

3.5 (4
B2

21.2

21.3

47 (4
B2

BHIEMAY (The oxides of nitrogen)
N,O (dinitrogen oxide)
N,O, (dinitrogen trioxide)
N,O; (dinitrogen pentoxide)

NO (nitrogen monoxide)
NO, (nitrogen dioxide)

— i HE

K BTANEF R E L B N0
i1N: gk im0

SIHEME FF Sk SlRFEnEfE
= HER

4 P rHER

K BT TE 1 7] 2H o FH B AL

34



a. [+1] O.S.

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

N—N—UO0
360 Ofc Lewis 214

P
°e A o fE, BT,

' n I I
25" BMERS? 2Py 2P
iﬁ;gjztlL 03:24 | IHEELET ( hp ) I 2p"r2 2 pfl
1 1 P
2p, 2p, 2p,
it dril =t

() smemse=  of BEIR W BEHIE

Pl

HEETES b F BT
E®, BEMLALREASH
— SRR (LZAENO)

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

N—=—=

—/Noft, —nft, —N=H TPl 60
oy 4*1% S g

AT T HA FRIER - T
(16)?(26)? (30)? (40)? (Im)* (502 2m)* 4
SN B e 5 e L T, T RINO® e
(T ASEEES T nitrosyD) AN
(Sl Fk: N,. CN-. CO) A

X AT TASIG, AAKGE, TINOKE, Hi
BeRE, Fo RO .

36



b. [+2] O.S. NO O=---- N

U>
Z

|
INL
_gl
3'
|

| ot

/

OifLJFitE  INO+0,==2NO0, 2NO+Cl, ==2NOCI
® 5 1t 3N0-315MMLN 0+ N0,
Ot M : NO + Feso4::Fe(N0)so4(7?Ms%%)

®19924, SciencebH £ /T @ o e
Share this: FIEEIEL s
TR A 2 i

© P9k, AT E 1998 -
(FEALH . Na,Fe(CN)s(NO)) E o5
L998'T, Murad ¢ - = B

NobellZz 22l ‘@é@




b. [+3] O.S. N,O, g

N N
e e ‘e " ™ - -"_F- ‘E' ,El . _: o
{:]:N_(j_ N:G (:}:N:G— N— 'I::' [ $f§f } 1217pko
O
e - M - I--I-@ \
20— N=0=N—0: (F#asE) =\ (o
= =
o @ 0 (}") o F fﬂ,,.":):j .
C'ZN— - D=N—\N; =N_1n (HiEE)
o8 Yo | %
B -!:f’{j 6 G‘% f‘“::} 4
Shigity: OmNeN_ M4 o, —ATS, ¥ NN I
0 1ﬂﬁ4pm %

NO + NO, == N, O,
(HNO,HIBREF, A, WEFMBANO. NO,)
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o1 5% A NNLO, (O

21.15°
.‘ e °°c3§,
> 175 pm %
AN

e

p2=Al,

4
3

SE T

H| »

2T

), MKk

_._,..-"-.-.- =
=
U ’/ L A \\
1343 +..;_‘_(’1 \\\\\\
\“‘{\ Ox N 2r,
W Ste— e
=T
l\\ ” ’+ - /; | ]
3 ] \‘\ 2,205 /) 2,
r \ y; /
\ \\ x) / /l
\ /
\\ _H,_/ /l
\ o, !
\\ = ,I
\ ‘ /
Eé{:[\ j:jJI:] 2 b’ 2s rwa—?vc
[ | “3p
b3 =
25,

150°C N N02

.C)/‘,7
oo oo PP 4,/'
-Je) N—O— N(\&'\
\\\3‘>
ik @7
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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,
> RETRAT
SNO, +H,0 5 2HNO,+ NGO
INO, +2NaOH > NaNO,+ NaNO,+H,0

> FALIE R 1
4NO, + H,S == 4NO + SO, + H,O
10NO,+2Mn0O,~ + 2H,0 == 2Mn2* + 10NO,~ + 4H"*
> A EIENOE AL &4
INO +0,==2N0,

AHE=-113k]-mol* <0
ASY <0
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I ©
l"l.
5 3 04 I
;/ (1108 o129y
/ 1 132.8° pnl--77 189.2° N134.1 ;
: I 112.904 11
116.7°
(;'/ mﬁ: I-J’ 05
T
20
i
o
."l.
/ &%, O f'
115pm Op,

SRR f’fm_x
/ i /

NO,* (BEBtE T, nitryl), NO, 14

)ﬂt SR IE, BT IKE

Ref.. &AM M BRI S8, A6 6 7%, 2009, 29, 102-105.

= AR -
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AR AE Ak
(KB EREF<THMF SR
2011. 6}R)

Chapter 13. RIETE
(P61)

2~ 5. 18, 25, 44



Properties of t

> K

>

\

NOR
NO, £

Ko
> HEFALE RS F

ne oxides of nitrogen:

I EAF RN, OB BB 55 A1, AR
AE.
TWESHTEFEEMENENY) (FER
NO,, PANOFRR) , IRERSKHEHA
. I EHIA B F I B TR B FINO,

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

INOHI A IEZ —RIEBA




El'——"—?

=N

FERZMEBENASGH. FRATREREN, HE |

RAMR NI Z, GFmE. FEADHXIERHSE

RAMBIFNG —EIE AR FERINEN R FFR

PRk P

> 8. BEALDF AT BRYDIX =T % 58 EEAHR, BiE ST 3
Yy, wJa—TRRYIA RINE S 5E RS EMAERMmE . NS5 Z 48 6E &,
i R ARG IR S B BRI B D 345 5 IPM, - b 5 e il ) 2 4H RURE A7)
(PM2.5) , 2B/ T2 50K TS JVRRL . X MR A By BE 2 — s 4
Yy, XoREEE. 257055 TR

> WA ERRYKRIE: BREIRERS. S RE ZE 2 i iRy« &
W7, BEFERASE. SRS, UK m RES. HRMER /N E RIR
AU RS EY), WInEE WS, B EF R, WIRE S H A — Rk
ge¥y, MEZFE . HOGEARTT 3] 7 & Z=ReBEALIR B = A 1 R

> DAVAEFFBUN RS amas. PLEGEL R Tk S8, a8 KEiRiBm
B B A AR BN R

> JRAR T H RN B S8 8 AR A

&

AT RKAE R R AIREEYER T HR . e = EM, M)

HYASOR O T 5 B0 RE WAL, W SR /KF-BE WL /N T-10000K N, X Ml E7K e 48 i i) <

IR £ 4018 AL AE B S 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.
NOX 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

5



KK SFIAFTFH ey LR

Sl s;: NO, + hy — NO+O
0+0, +M—=0; +M
NO + O, —NO, + O,
s ; 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,




48

¢- @ W/ (F0 “ZON “ON)2

IS 18 21 24

12

t/h




c/uL-m™®

CiHgw NO. TRIREME RSN IR
(5] HAngew. Chem.,1968)

N IR EEAZ AL
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SR (Nitrous acid) K&IEEE (Nitrite)

H.-*O\.,N-*'O H’QO)\('?:?O
(1) PfeDafatl on: medors 109 50T | s tvetnsiom | s

NO + NO, + H,0 = 2HNO

NO + NO, + 20H™ = 2NO,~ + H,O
(2) Properties:
a. BER—FIEE NO(OH) K, =5X10*%
b. FEH*4%44F, HNO, R4 Bk

NO; —29Y s HNO, —2%V 5, NO
3HNO, HNO; + 2NO + H,0

FEOH4%M4F, NO, ARABHL

NO; —20V_ NO; =046V NO



http://en.wikipedia.org/wiki/File:Nitrous_acid_acsv.svg
http://en.wikipedia.org/wiki/File:Nitrous_acid_acsv.svg

c. HNO, , NO, 1Eit JEFIEF, Hag

HEMEANE

TR ,

S

=) B8 A&NO5

BEANO , N,O , N,, NH,OH E&iNH, {EPINOE AN I
2KMnO, + 5NaNO,, + 3H,S0, =

2MnSO, + 5NaNO, + K,SO, + 3H,0

2NaNO, + 2KI + 2H,S0, =

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

% NO,-

PAEALTE

NO, 5&:

IpaE

NO, FERFF I 7] &

AN

—

L3 JR 7= 0 WA e JI)E?"JE’M\ A, B

E. ZEFRBBRF, NO, HEILH

-
o
Lo

I T, ENO, HIFAT.
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6. IS (Nitric acid) KEHZEE (Nitrate)

(1) Preparation |
a.in lab: —
, ./y'
 SFRERE

b. In Industry:

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

C. In nature:

e
ONO—22 3, NO, — 22,

Ny + O,
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(2) Properties:
2iHNO,: THlfk, p=1.522g-cm3
. 69.2%(EFHIATR), 15mol-dm3, p=1.410g-cm3
RIS ER (41 f): 93%, 22mol-dm3, p=1.5g-cm

b. BiLYE: IRFEIREERR. Pl

53



c. Oxidation:

> SIFEB
HNO, +F 2 RER — > HNARER +NO
4HNO, +3C——>3CO0,(g) + 4NO(g) + 2H,0
5HNO, + 3P —— 3H.,PO, +5NO(g)
2HNO, +S—— H,SO, +2NO
10HNO, + 3, —— 6HIO, +10NO + 2H,0

RIREF=YANO. FEEMBRIKEAR, HER=Yn] A
ANO , N,O , N, EEZENH,* (7] uwﬁ%ﬁ_)ﬁﬁ}moz, HT
RF1&, NO,FZEARZ, 3NO, + H,0 = 2HNO, +NOj#—
PR )

> 5B WHRS5E&RERMNE, BEFEYANO,.
& AP AiElk&EAu. Pt Rh&g
& 4lifl: Fe. Cr. Al5¥IKRHNO,

& FAbME GERIEFHINNO,) < Cu+ dHNO,(k )+ Cu(NO,), +2N0,+2H 0




d. REER

> F7K: HNOSHCI=1:3(1k#LL), smEEfEMECAIYE,
Au. Pt

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

» WHNO, EHFR & AI#HND. Ta( s T E£K)
Nb+5HNO, + THF 5 H NbBF, +5N0, +5H,0

> fEAF: RH,SO, + HNO,

C.H,+HNO, — 12224, ¢ 4 NO,+H,0
&7’75%
CH.C.H, +3HNO, S CHLCH,(NO,), 4 3H 0

TNT(Z=AE 5 2R)

55



L5

() 1A; NA(F

E)

|

VAR TR

h+0,

(i) BALFMg — Cu: MO + O, +NO,

M+ O, + NO,
K~Mg: 2NaNO,—=-2NaNO, +0,
Mg~Cu: 2Pb(NO,), —22PbO +4NO, + O,
AgLLJG: 2AgNO, —2>2Ag +2NO, +0,

(i) BAIRFAgZ )G

Bl5h

2Mn(NQO;), = 2MnO, + 4NO,1
Fe(NO;),; SN(NO;), - Fe,05; Sn0O,
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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
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 decompaosition.

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.

Denitrification (R-NHZ)

A an e VR Gaseous e
“‘_*Prempltatlon ) Atmospheric (¢ 7 ¢
=A== Nitrogen [
[l Lightning Store
ctre st Fixation
Fossil Fuel MR I
Emissions R T Bacteria
Gaseous ) Fixation
Ii ‘l I Losses “Q, N /
ﬁ% 2. N, & N,O ﬂ §
gd 2 2 K
Bi 1 ﬂ Runoff
Fertlizers
Organic Matter

\ﬂ’Euﬂopmc&hon

Mineralization

Plant
Consumption

Ammonium
(NF'I;) Leaching

\ Nitrification
Nitrates Nitrites  /
) e A

(NO3") *Nitrification (NOy)

Below Euphotic
one ('Dark Ocean’)

N2

New Production

Nitrogen Fixation

A Precipitation

By Bacteria

NO3-

Phytoplankton
(enters Marine Food Web)

Recycled Production

Ammonia
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Nitrogen fixation ([&%)

N2 +BH"+8e” — 2 NHy +H NS _ . \ .

SRR E A O BN

WEY) (RS 2. 5 HED K.

>ERER (EWER) > ALEXR
AR A B S R A, I WIS, MRS E RIS

SR B RBE VR, oA Y. HAT D LiRE A R ekadE, date i hs
FIE R E IR SAE mril e AL (B 1R N RA AR AR

A BRI EE E R, B (IR R10215%) , RIEHE— RN R

MRE. TR, Suadgmsy, NHANEMLEY, Wk, RIE. SRIEAS

5E R R A R,

JE T RHE YA R R . N TS 7 — M . H A DA
WA, WiEEA s g g E MV IEAER T 2T, BEEDNERE SV B,

R, WA bR U A PHRIVES S5O < s 110U 5 P 59 A B R 1) =8
Bl BEANE R, e hglfz MMTERIE RN H . 53— 0ERB S YT 19655

PRk SR L AR ) %E" ([RU(NHs)g(Nz)]ZJ’) . 2003 HkiE | B ME i
et Sl I A G — R MR NI T, SRR RCR A
AL I . B, RS REEE
[# 0 TR AN The Nobel Prize in N = { 1
j: :[:/E%n E[ /\j ﬁ HE /EH\Z & Chemistry 1918 ”N’ %" 2500‘(\; ?::N; N\) 1
ﬁég‘/ﬁzﬁﬁ o HsNu,,, R wNH; | S @]

HaN"" U\NH3
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AL

5]

AVAAAS

of a
bicapped C,, complex® (1 in Fig. 1) with 100
equivalents of sodium bisulphite (Na,S,0,)
asareducing reagent in water under 1 atmos-
phere of nitrogen and with visible light at
60 °C for 1 hour gave ammonia in 33% yield
(based on the amount of Cg, in the reaction);

Treatment v-cyclodextrin—

EFIE T, 225 AR E I AEAN—
In#EI570°CH LABE-Fii-20-P5 R0 2 LI R
(SCY)Jy I3l 4 Fi fe o () FEL R Y, I8 e AE
[ FEL A5 PAY A1 T ) 25 LR 22 s 9 1 fE

th, R, HHEFRIER]T78% .

Ak ipeidie

2 OCTOBER 1998 VOL 282 SCIENCE

Ammonia Synthesis at
Atmospheric Pressure

George Marnellos and Michael Stoukides

Buckminsterfullerenes
A non-metal system for
hitrogen fixation

Yoshiaki Nishibayashi*, Makoto Saito*,
Sakae Uemura*, Shin-ichi Takekumat,
Hideko Takekumat, Zen-ichi Yoshidat

H,0/oluene
118°C, 144 h

Cgo:y-cyclodextrin (1:2) complex

y-cyclodextrin :
B ' (bicapped buckminsterfullerene)

Buckminsterfullerene +
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§ 14-2 B HALEY) (Phosphorus and Its
Compounds )

—. General properties: | |
1 %}E? E‘J)ﬁkﬁ}’%ﬁﬁ "co‘o ess, wa W |e,b5I/:Csw, scarlet, red, e,
(1) ERPT B FHE: . EREE

€.g. Na,P: KB FP-BETF AT &= s

E :[X% a: P3_%?% 7}(% wa;y whitla (yellov{ cut), red (granules cente left,

P3_+3 H O P H +30 chunk center right), and violet phosphorus

p3—‘%¥ﬁﬁj{ K%, E@Eﬂ;’ Z2EA) 7K 4B
P3—H’J EE;’TF' D Bﬁj] m'f/k,'ﬂ; gﬁy J@?u B o) | pepey |
ﬁfbjﬂﬁﬂi&“ MEFIEY, g | m |

30. —ﬁﬁﬁ%ﬁi
5 4
BEAL A A L S
EX4K Phosphorus 1060 % — i f/k Imol
BT ¥E/on —1105 5,4 E S
BIAR — (1669 4F| A7L4E } — AR T TR

2) PO EF (P) B RElsp3, sp3d, M i wowr A
spid?Zktk, FFBR-3 , +1, +3, +54
%?MAW PJE T 1B K E A 2 60




) MR ERE R KNWEN T ERBHTHE TR
3dHiE. Bl NF.AKME, TPFKE; NF AR
/Eé)ﬁﬂy BJZEEA% T PF,A] BA 'ﬁﬁ%x &m%ﬂy
A&
fRRE I%%T%Bﬁdl? E&oﬁﬂﬁ*ﬁ'*, PiEE ZEHIdHIE,

AT ESERIRBISREEFX, T

%ﬁ @fuﬁmﬁwm B o

2. /J‘EE:
5T & 0. 118%; £ H IR U A AFE, Wnfses
£ (phosphorlte) Ca,(PO,),, #MF K A (fluorapatite):
Ca;(PO,),F, %Zﬁéﬁi'@?E (hydroxyapatlte)
Ca,(PO,),(OH)fF1E. e szthl:m EI’J HBERA, HkH
Ca (PO4) (OH)ﬁ/ﬁJZEF%Iﬁ% FA A

(PO,);F ﬁﬂu%ﬂ%ﬁlﬂ%%ﬂ@m/\ﬁﬁzaHﬁﬁ*ﬂ%ﬂﬁm

B, LA TR




.mw..vs t

.:
o u_i

x\-

/ ,.

“

Nutrient pollution

Eutrophication

Water blooms of algae and bacteria
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BERLE -ME. BEEYEFRDRSELS -
Frol 2R KRGHRIME . EEHREME T, FEERRE £37t
Hoh R R RO AT R,
S WP W I B SN, TR R R e, HRA
SR — RIS O R . (T AR, Ak
T KRR 355 7K BB AR B TP R0 TR 0
DI KPE WL, SR TURIRIE, KA
S R, A R IR R R 2 M R i
AR, WA T KR AR . RESLTRIKAEEDTIR s g
SR, WM, MRAR R, ki Fage S E g

KA T A S . o
AR BB T BURRT , TV A o,
PR IA RO (. 2T, R, SLAGSE, ML S

I

B R . KR ABR. A%, aAem. [N
VIR, AR RIR e & 1R 2 IR T

%, WURTCHA. BESRME IR, SRR |
Fl. SSREAER A, e REREARER, AR, A |
FOBALTIAT RS, it K AET f




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

o B 400°CERANNFREL/ ) A " —
P, (B3%) CAFCS,+) - > 4% (FRATFCS,H)

) ) : /
< 23l A
P
Y\A

200°C, 1.2x10"'Pa -
ﬁrwg«ﬁ@mmn/\/l\Ezaswﬁaaﬂn ST

> %?ﬁmaaﬁ)ﬁixemﬁ? (BIE, 0.117%w%

> ABHSEHESNDER, AANNANLBZEP, 2T

F—AME, TSI = H T EREE R Y
ﬁﬁﬁﬁﬁ%’[ﬁ SV e iz S

> BB —MREENRE, BEAAaRRNA.

P r. k. N2 Ne —ft a3l e@




Red phosphorus

el Angew. Chem. Int. Ed 2019, 58, 1479 1487 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*

\ » Yajuan Liu | Muging Chen | Shangfeng Yang

Black phosphorus
(FRB%)

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

20
~ 700-{ I H, evolution rate
o I Band gap
"~ 600
= 15
o —_
£ 500+ S
3 o
8 4007 10 o
E \ Black Phosphorus g
c 300{ “DOGGGQ- FackFroenon
9o W Metal-free Elemental E
5 200 Photocatalyst ©
° m
3 1001
-
0 4

bulk BP

ADVANCED Adv. Mater, 201?, 29, 1605776 ADVANCED

SCIENCE NEWS MATERIALS

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, 65
Hengxing Ji,* Pingwu Du,* and Shangfeng Yang™
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> ] H T2 k58 TE;
> L TREE

> TR

> DRiP e g R R TS ok

>§E§ﬁﬁﬁ$ J{ﬁgﬂ%éﬁ, *%5@ 83

Widely used compounds
Ca(HoPO4)2-H20
CaHPO4-2H50

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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P

"

T
P,»"

2. Properties: ( PAP, AT ) /

(1) P,KIstructure: tetrahedral NG

> «PPP =60°, W4ipiliicII#EAI0E =
P—P5E 52 1 N /I T ES Hh B4 ;

P—P4EEIRIK, {200KJ-mol! |, {R& 524 1Tk

F, XUBEREBEERT, FRER RAETK
FT KPR , HETCS,.

> 5ESEMNEEEEN, RMBEBRIGEOLREE
AR, PAERE R (BRGELER)

> BRA40°C (313K), ZEMR!



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

b. dispropotionation:
P, + 3KOH + 3H,0 = PH; + 3KH,PO,
CUSO4%5mZ§:
LIP, +60Cus0,+96H,0 —— 20Cu,P+ 24H,PO,+60H,50,

c. L5 H R RN BB LY
6Mg + P, = 2Mg;P,

3. Preparation:

2Ca,(P0O,), + 10C + 6Si02% 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:

BEASH,

=Rz A

WA /E\lﬁlﬁ

1 [H]

BBITAR % PH; ()

2P, + 3Ba(OH), + 6H,0 = 3Ba(PO,H,), + 2PH,

X Q%’%JHE’J%@C AT H

REE IR, RN ERXNS

{INSEN %Qﬁ%/ﬁﬂyi 5 EH BRI BRI (diphospinire)
P.H,, ESBE &R, WdmibRi.

7/

v

RIERIREN

K P HAIRLE S
o E SRR IR
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(2) Properties:
a. E—EERET (423K) , PH RERISERELEH,PO,
PH; + 20, —— H3PO,
b. H5/KRM ( ,?%U%PHg) :
Mg;P, + 6H,0 = 3Mg(OH), + 2PH,
c. fENLewisBd: PH,+ H*—— PH,*
REB®BPIFRFE T4 (stronger donors of protons) |,
WIHI , HCIO fFZERT, PH A4 H—XTEF, FrPAPH 255
LewisHi.
PH; + HCIOy —— PH4ClO4 , PHjs(g) + HI(g) —— PH4I(s)
¥ HTFH,OfLewisHiitsETPH,, FTPAPH,“ZE/K R H
AN
W BPH,IBRAKS, HREKE
PH,l + H,0 = PH 1+ H,O* + I 5




c. Strong reductant

BRNFEEEEL (ucuz, Agh) BBTKEBER
*:

Py+ 12H + 12¢ — > 4PH; @5 =0.063V

P,+ 12H,0 + 12¢ ——> 4PH; + 120H™  @F =-0.89V

8C118C"4 + PH3 + 4H20 - H3PO4 + 4HQSO4 + 4CUESO4
3(:113504 + ZPHj 3H38D‘4 + 2C113P
4(:113504 + PH3 + 4Hgo - H3PO4 + 4HQSO4 + 8Cu

d. PH,HBECALRE /T HENH, 58, X2 H TR+ O
gg;gﬁﬁﬁ?msd%ﬁﬁﬁm B, TERUR T
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PPh, (Triphenylphosphine, =ZZ:%5#):

Widely used in organic synthesis. The properties
that guide its usage are its nucleophilicity and its
reducing character. The nucleophilicity of PPh, is
Indicated 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 + Rz_x » R‘|_R2
Base
8]
U™ (i) CBr, PPh,, Zn B(OR),
(ii) "BuLi, 2.1 equw
| (i) Catechulhurane Pd(PPh;),, 5 mol%

MNaOEt, benzene, reflux

citronellal capparatriensa

A% The Nobel Prize in Chemistry 2010 Photo: . ontan Photo: . Montan Phota: U. Montan
Rlﬁhard F. HE’E'{. EI_II:hI NE‘QISHI_ .AHIFEI SU?_LIHI Richard F. Heck Ei-ichi Negishi Akira Suzuki

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



CANE N Y &N =5

ZFR g |BRERAEALEL (LB H) LERI
(|3H
IR (- A0R ) [HaPOy [+ 5 O:T—OH
(ortho)phosphoric acid OH
""""
FE IR HyP>07|+5 . O=|P—O—|P=O .
i | | d
pyrophosphoric acid | oF o
..... 0
i ARy
Th BEEIR HPO5; |+5 . P - OH
! I
metaphosphoric acids 0 ____________________
....... OH
i |
DI HIA H,PO; |+3 . H-P=0
i |
(ortho)phosphorous acid OH __________________
....... OH
R H3PO, [+1 H - IP -0
i |
hypophosphorous acid { ______ H ___________________
| |




2.[+1] O.S. H;PO, GRBEER) KH#h
H,PO,&—tB(H,[(HO)PO]) K,=7.9%x102 H OH

N
£
(1) fll % oG
P, + Ba(OH), + H,0—2—PH, + Ba(H,PO,),
I H,S0, T

H,PO, + BaSO, g“\
(2) H,PO, R B Eh#R B 5B [R5, RXEENEALHE
H,PO, +4Ag" +2H,0 == H,PO, +4Ag(s) + 4H"

Ha. H,PO; + OH" 100°C >HPO§_+H2

NiZ* +[PO,H,]" +2H,0 == Ni+PO> +4H" +H,
iRl
(3) H,PO R R A AL B

3H[PO,H,] == PHj3 + 2H3PO;
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=7

3.[+3] O.S. P,0,,H,PO, (FREER) MEHE
(1) Structure

LRI
P, +30, — 2% 5 p 0,

% PO F a2 HP,O AL Tfﬁ
P,OgH T NPO, = A #E 4 B,

(2) HyPO &2 —JuR(H,[HPO,))
W AR, 1 T73.6°C, BT, 20°C HO

W, VEARIENB2g, SR, AL 3
Kap=1.6510° Ki2=6.3x10"" H/ O ,J)\




H,PO, (TREER)
> | £

P406 + 6H20(,4;5g)
& ZEH,POIHI & UTiE ik
Na,HPO, + F>b(Ac)2 == PbHPO, +2NaAc
PbHPO, + H,S == PbS+H.PO,
> HyPO & ik JR 7
HgCl, + H;PO,; + H,O = H;PO, + Hg + 2HCI
H,PO, —X2N%~ ,H pO,
2H,PO, +H,S0O, —°* ,H,PO, +S+2H,0
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4.[+5] 0O.S. P,0,,H,PO,REE

(1) P,0,,51: BRE i@]%u‘fﬁ%uP O FH
AP0,y BEE4MNPO,IUH .

9 160
T 143pm —| "
0 —P

: T
< T:{\T O—p‘l(;\o/ll)\
& 2{\0 d-p<_d °

/
O
|
PN\ P70
- = gt X D 4+0, —msmk D:P\ .'..'..f?f..‘...é;._:.% ﬁ.:,j
D;.___pL D/ D—-—ﬁ-ﬁi{—;’ -
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WElF (P4O10, 85 AP20s)
=. A
P,+ O,(3x &)—P,0,,
P, +30, — 2% 5 p 0,

»P,O10: HEEIAR, BEFEREMRKME (REoRis T
S 2 A DIFBESRIK.
P>0O5+3H>S504=3503+2H3P0O,4

P>Os+6HNO3=3N>05+2H3P0O4
2.0, +6C,H.OH ==2C H 0PO(OH), +2(C,H,0),P00H

> SKIEAFRI AT NN, GBI,

(IR HRg) (EEHRR) (F 8%
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H.,PO, (IEREER)
Emm%@ L&A

L}i

Pauiing%MIJa LA FRE L
LB B s Ko Kige .

H™+ H,PO, K,;=7.5x10"

H;PO.
¢ N1:105:10°%0,
H,PO, H™+ HPO?™ Kp=62x10" (O
HPO; H™+ PO,  Kz=22x107"
HO\\ P=—"0
PO TIPSR HO ZP0 -
HO

112

152 pm T
158 pm >

O H" /o/ 'ﬁl\o
\, *57pm : ‘

+cH—O
0—m - E5R
> AR IR 2 LA, 1Em42°C, MIER, G TK. T
FE 1% 7 83%(14 mol-dm-3)~98% F) Ik 1A W -
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a. Preparation:

(1) P4Oq9 + 2H,0 —— (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,S0O, = 3CasSO, + 2H,PO,
(iv) in lab:
P, + 10HNO, + H,O = 4H,PO, + 5NO + 5NO,
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b. Properties:

RN K, RS BEIR:
WIRZ Welg: H,P,0,, ,» HERA: P05, W

0 },,OH
~p O~ RP P
A 0- £\ O o
0O "0 O 0O o H
H
M;P;0, H,P,0p,
T %% T
. B HO—P—0—P—0—P—O——POH
%ﬁgﬁﬁ@ e HH+ZPHO3H+I | | | |
77 SCHE OH OH OH OH

X CEH IR SR, ol e RE S, P e R I
JIt EAH PO, A5 PR 78 25
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ATP: =R IRHE ( 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

HN
B

L iy

OH OH
C1oHgN,O,NH,(OH),(PO;H);H

1= HE flk I B
ATP + H,O — ADP + P,
ATP + H,0 — AMP + PP,

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



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

SRBBAENRRNIACHAL [ 0 o O
RS T, WHESARKIES | P P P | |Na*
b, SRS e T | O L0TL0" L0
TR - "3

>bﬁ¥ e )m T RPER, AT RGE 2B K BIAE

> R A AT i%@% AT AT BRI ROR Xk g Wi 4 ot
e A ER, bt AdFER S IRE I e, e
ﬁﬁ%ﬁ@@ﬂ%%ﬁ@@ PR AR R R, 2 B BRI R TV
7] FH 2 AT 2 5 2575 T XA H
> WMEMER, BIMEA RS Ya A E W RE s DR AR — €
IR, A3 A B9 36 1 2% B
> eI B ROK I B IEPeA S5 HIE T, B REIRFF & L)
fill i 4R 22 BN T BRHTALIR o 54



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

H,P,0, (fEBER)

KF =02 K =6.5x10"" ggmmu~= SEREY
4 . HHK s Ko K. 2
KE=16x107, KO =2.6x107"° N & %

i, K®5K,® . K,95K,9Z |
N, KORIKEERIRK, why 77 7

H,P,O, HFRFIR -5 FH 45 /A o<

PP O 1VY T A4 e FH 42 1 T00 A7 AH
K, 5K, IH 7372k B AN A R # 24
MR FHLE, R BbszmieN. T
Pauling # 1| A2 &1 X B A0 B
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)

'fﬁ\ ﬁs\ h) g%@
> 157+ IEFR (=T L LA

> 250 T IERR (e M B
> 201 1EFR(—70) — 170 1 H,O— FR BT
> 100 T IERR(—70) — 17 T H,O— IR AT

H,PO, — HPO,

F)—177H,0—>mE.

2H,

) — 177 TH,O>£ERR

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

J03

Ar L IEHI, ERPE
3

Rl . AR Y R4 o T
1ERR, &Kz, Wik

59, W: HlOx(551%)-
HIO ,(F 55 %)

D
H5P3010 H4P207 H3PO4
(=B | (BB | (BB
Ka,®° 2.9x1072 6.7x103
Ka,® 102 5.3x1073 6.2x103
Ka,® 103 2.2x107 4.5x1013
Ka,® 4.8x1010
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(3) BEEREL (phosphates) ﬂ.‘,
H,PO,+ NaOH = NaH,PO,+H,0 g — &tk l aaaaa

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

H,PO, + 3NaOH = Na,PO,+3H,0 IE#:
??? =M ARIBEIR AL, WA i 25 7 4. +

NazHPo4El’J7J</ﬁ/Tﬁ_:BS%m
HE: HPO42 = P04 + H*

IKARE: HPO42™ + HoO = HoPO4 +OH'
HPO.2 JKIEFEE > HEMEE
o HPO- Ky=7seiod  NagPORIKIE R bk

2 4 a "

H:PO,
H,PO, H™ + HPO> K, =62x10" KM PO4* + Ho0 = HPO42 ™+ OH
) 4 4 az V- _ N
HPO> =—=2=H"+ PO> K,;=22x10" POL* /KR AL
4 4 a '

K, TCHE!
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88

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:
> e S (MH,PO,) B T7K;
M,HPO,, M,PO,HEK* Na*t,NH44h, t3EE T 7K.

> TP IR R SR AE K VU A A [RRE EE ) KA

> AR R R & (IR R A ED ER N INAAGNOSTR
W B AGSPO, (R th):

2Na,HPO, + 3AgNO, = Ag,PO,|+3NaNO, + NaH,PO,
(HPO; +3Ag" == Ag;PO, { +H)
Ag.PO,| Ff; Ag,PO,|Hf; Ag,P,0.|AHE

89



b. HCaO5P,0; & M KIF=#H T P,O- K i &4 3L

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

O, RS (AS) . E RS (B R — S 4)
Ca,;(PO,), +2H,SO, +4H,0 == Ca(H,PO,), + 2CaSO, + 2H,0
Ca,(PO,), +4H,PO, +4H,0 ==3Ca(H,PO,),

> fill %6 Ca?t. Mgt IEWR £h 75 K FHHPO,2, why?

K PO, S Numb, KA TR M:
5Ca?" +3PO? + H,0 == Ca, (OH)(PO,), + H"
5Ca?" +3POF + X~ == Ca X(PO, ),(X=F,Cl)




c. Identification

[EE]

(i) 35 B R R B R AR B
PO ABALEERHNO, K d EMAI(NH,),Mo O,

WRE, HREEAE

GG RRE

PO, + 3NH,* + 12M00O,>” + 24H"* =

(NH,);PO,-12M00O;-6H,0 |+ 6H,0O
AsO, WHIMRE, (HEEMRE AET NHAc HI(NH.),C,04 E L, it

i R AT LV R T e PV TR, |0 BT TERVE TR AN & K .

(i) 5 B ER BE &
EEHPO,2

NENDT

KRV & ENH, - H,OFIMgCl, T 4

Mg2* + NH,* + PO,3 = NH,MgPO, (H&ITIE)

AsO, WERLIABIIE, (B AgAsO, JTIERAREALE.

-
=N
.
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Stability of phosphates
R, |RTIEANRME, BRNES

YIE LY A Jﬁﬁ’ﬁﬁﬁaﬁiﬁfﬂ’ S & ERE
X f‘ﬁ)ﬁ?'ﬁﬁ%ﬁﬁ?zﬂﬁﬁd pmiE; ﬁ‘ﬁH+%
FRIPH. S &K, HTFHETFEREBFRIREAPER

FAEH3dFLIE
LB PH,*, PO,H,”, PO,H2 , PO 3 fasE .

bh)

H\ /H X H\ H H\ yO . OQ. O _,
[ p ] ] ] [ 1
& *e; . ’.. o 8
H H 0“0 O 0 g o
-phosphonium-ion  hypophosphite-1on phosphite-1on phosphate-1on.
>

ORTH#T, PETS5OEFZAMd-prtT, Fgt?



5. Xi{L#% (Phosphorus halide) , BRiLHE

(Phosphorus sulfide) , &

M ( Phosphorus nitride)

(1) 4LBE:  PX,, PX;
R | P PX, —X2>PX,
Cl PCl, PX; 2 >POX,
+PGI 8) | T BB o
2Clz+6P—>2PC13 \\\\\\\ \
+P 3 & [E]{4 O )
PC]—5: E{%ﬂ‘t:i
R (PJR¥: sp3dZ44ft)
PCls: =f#EAY
5CL+6P—2PCl; (P: AR sp3Zedl) )




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

VA

PCl; + 3k

OC,H, = P(OC,H¢), + 3HCI

PCIl; + ROH = POCI; + RCI + HCI

c. SBETFHEYIRIL:
PCl, + BBr, = CI,PBBTr,
PCl. + AICI, = [PCI,]* [AICI,]

d. PCl. @&
PBr gafk

[PCI,]* [PClg] 2H 5k
[PBr,]* Bréi g
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6
5.

q 4.

o ISR
A b EI

e. o

3s

P

5
4

3

Eﬂﬁﬁ

3d
SP
sp3

3

SP

KA
#43

2
sp3d



(2) At B

a. structure:
P4SS
SMP‘“\TS

!

b. hydrolysis:
EAEEAC TS
Bl
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(3) BRI B ALY -

a. B LB AR &
ANH, + PCI, = NPCI, + 3NH,CI

NH,Cl +

b . NPCIZ,IZ[#J
Cly C

158 \
P
NN
ey
"'O """ \1214 Y
102 N %
AN

AR (ring)

Hexachlorophosphazene

+ PCl. = NPCI, + 4HC

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

Cl Cl
P

LN N :f ; |
o o 1#““ P“‘w .
WA LAY zig-zag Y
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M+5, B F6s245 14 B 50 R

(mert nair effect) , FrUCABiH:

§ 14- 3 The Arsenic Subgroup
—. General properties

> AS. Sb\ BiFJEMAS—MN-3 , +3

S N+3;
> T, 8. Sh—aEHTHRESES

Ry 3l GH5E
1X 10400,

=

/A

' %ﬁt
As,S, HEE,

Sb 283)%%%@:‘ ’

> B

+

BRHIME R

2X105%, AIPADLEA
. WA EADRITERIFAE; £
RN AR ASZSBﬁEﬁ
FeAsSHRTEERN

ZH R BI5 X 104%.

li'l

Bi, S ESBH
AR FE—

L




B BTN (inert pair effect)

The inert pair effect Is the tendency of the outermost

bhB

s electrons to remain unionized or unshared in u@ o)@:?‘
compounds of post-transition metals. N D‘Cy"

»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: P < As{ID) < SbhID) < Bi(IIl)
P(V) > As(V) > Sh(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

> LB, LA NT, ARk PRRE, Higs
IR B I R-3Ih &

> . As5R. By R], Sb. BiR 51 &MV

> S5EAMR R NS R FAYEE E ML, As. Sbr] 2+547),

Bi X BER+31/T;

> Eim N, As. Sb. BifgflE. . Kz:=&MN, rEY—kE
+31, S5E N Y5

M,0, <2 T PS04 A5,04 Sb,(SO,):. Bi,(SO,),
M, S, " =0 H.AsO,. Sb,0s nH,0. Bi(NO,),
MX, I ,sbel;
MF;. MF; «— NOH . Na;AsO; (Sb. BifREF) As’yamphoteric

CPTED
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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 EL S K. 3 BREFRER AR, A
ofiicib®)m, #h. Whew/E, HEABIRHEZEK

Ar: yellow arsenic (GRE#); grey arsenic (GRERE);
black arsenic

Sb: yellow antimony #l grey antimony

B DS . .
Asy(g) s yellow arsenic (JFT CS,H, 5 HBESEFIHMELL, nonmetallic form)
I AR P lﬁi‘z hv Al sal | o
L\ R 2 8" a0 s 2R 4
Grey arsenic (5 B AHIL, metallic) la Lot | Lo
‘/'/ “,’/ ‘/ 5 i

A &8 o8& g8 &

W SN
g' éAS 4 lﬁ lii [r)'j- Crystal structure common to Sh, AsSb &

and grey As

ﬁ&*@P;;HJ’* 4

&5 2T (As,. Sb,. Bi,+Bi) -



2. eutectic(FL4%) mixtures flgreater hardness mixture

. 8. BEESKEHERERESNNED.

(1) Wood’s metal {hfE-4& 4% Bi (50%), Pb (25%), Sn
(12.5%), Cd (12.5%) m.p.=65—70°C, {&T KK}
(2) Bi (41%), Pb (22%), Sn (1%), Cd (8%), In (18%)
m.p. = 47°C (frl%r£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:
AL WIBETTAS, Sy HEBTAS,S, . fififii
PRI FeAsS;. MBI Sb,S,. HEA Bi,S,
(1) 2M,S,+ 90, =6S0, + 2M,0, (%ﬁ%)
M,O, + 3C = 2M + 3CO

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

106



=. Compounds

1.[-3]

0.S. AsH, SbH, BiH,

(1) preparation:

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

THAEFLEMAs , FTURAZNERRMAIH,

ARKEEERTE, IAEFEELTRA, NI,

d. KBF
KBF

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

_IA]

H, + BiCl, —%% BiH,

107



(2) Properties 0

a. AsH,, SbH,, BiH #A RIS R, FF R (F A> ‘D
FEASH.). AsH,, SbH. 2 FJLFTtkE, Frid

AsHRXETERRASH,* =
S 31EA ?F}EE SHy S{t¥  NH, | PH; | AsH; | SbH,

AsHz + HI = AsH,l  (IRiRD | gegy [107.3 | 931 | 91.8 | 913

MmJcSbH,*, BiH,* & 3 EhEEfR | 109°28°

b. S HFAsSH, B
AsH; + 30, = As;03 + 3H,0 XM T AcH gy, >0, FTELEH; # AR E
EBVEIN, 2AsH, —2C 32As+3H,, WEHARE LASEICE, A
L. LR R A H 0.007mg [95if-— (Marsh) ECitiifiiz:.
c. EH BiEEF], 5KMnO,, H,SO,, H,SO,, AgNO,
R
)

12AgNO; + AsHz + 3H,O =—— As,03 + 12HNO; + 12Ag o
----- f (Gutzeit) FulERZ, olfaH 0.005mg As,O;
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® PH,. AsH,ACAZRE /73T NH, € eBingi)
® LRI TIARGIR . WARER & H 4

iy

il
H

® i sE: BRI R AN K AERAAHE

Ak 3T X

B[R ERES

- + NH, H,0 HF . | IE
4 PH, H,S HCl w4 |2
) 1%
B AsH; H,Se HBr B &
S B
SbH, H,Te  HI | 5&
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2.[+3] O.S. M, O, M,S,

(1) EMDHIER R AE
> As,0; (MLFE) PItEIWERYE, W TIK. ERAIHR
As,03 + 3H,0= 2H3As0; ,  As,03 + 8HCI=—— 2HASCI, + 3H,0
As,0; + 60H —— 2AsO3 + 3H,0

. Sb,0, BRI, RETK, BWTRAR

Sb,05 + 12HC

= 2H,SbCl, + 3H,0

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

> BiO; BiEEMY, ANETK. Bl, ERF LABISHE

TFAs, O I

AEE S, BRI R R IR

A

RIS, e 30N (EAEREE T -




BT o S T

WIS, R R MR SSMENE+3 — +5)
>
M.O; As203(B) Sh.0:(8) Bi> O3 ()
L& RIS
KEY | H,AsO, Sb(OH), Bi(OH),
Bt | A mER AT iR SSE
M:Os As:05(H) | Sb20sGEH) |Bi2Os(41%F)
KEY | H,AsO, Sh,05;xH,0 | WAEE
ERmEtE | PoRBRtE SSBRTE (Na;BiO;)
<€

e
At

Be P 1858, SRS MA LS +5- +3)

AREEREER, HBHXHE]
SHYRERTEER, RIEEE;

BRI, |HMEEE.

=L 7K

AR FRIRN, SRS

P i s e T
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> T, 8. SREALY K]

LK SR EMIE R 1

bhE

EO(H,AsO,/H,AsO,)=0.560V
E9(Sb,0,/Sh0*)=0.605V

E9(Bi,0,/BiO*) =2.03V

EA4tE:  HaAsO, < Sb,0, < Bi,Oj
JEME: BIO* < SbO* < H,AsO,

d. 1’!57'71137;&

3AS,03 + 4HNO3; + 7TH,O—— 6H3AsO, + 4NO
BI(OH)g + Cl, + 3NaOH NaBi1O3; + 2NaCl + 3H,0

b. pH XAk R 1 ) 52

NaH,AsO; + |, + 4NaOH

_OH

H+

Nas;AsO, + 2Nal + 3H,0
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(2) Ttk
> il .
& Hi Shniitm b RO
& H,SULE:: XTTAs(V). Sb(V), FE#A4l
A6 E, S il % :

ES, + 5 ==ESY — 5 E 5.+ H,S

AsyS; Sb,S; Bi,S; As,S5 | Sb,Ss
(%) (2) () (3R) ()
7K F ¥ IiA | A VIS N
B
RHC | % | AR | BAE | T8 | B
i i iz
NaOH | & | & | &% | & | &
#1Na,S
Na,S, i B Z B B 113



> R, Bk

P E(RER

As,S;(E) As,S(GREE)
Sb,S;(18) Sb,S:(1&55)
Bi,S; (t77%) EJ'F.E
E:

HE »5F



> IRARTE

Bi,S;A[¥ T4 mol/LHJHCI;
{HAS,S,v Sh,S;EJHE T, Bi,SABTH
Bi,S; + 6HCI = 2BiCl; + 3H,S1
Sb,S; + 12HCI = 2H,SbCl + 3H,S1
As,S; + 6NaOH = NazAsO4 + Naj;AsS,; + 3H,0
Sb,S; + 6NaOH = Na;SbO4 + Na;SbS,; + 3H,0

b. ZEGALG T MM Bi, S LB, B TNa,S
3Na,S + As,S; = 2NajAsS,

c. 5ZmMUMIKA
Na,S, &4t

=S —IB SR R BT

ARG %, Sb,SETIRHCI (9 mol/L), T

AR, Bi,S.ARe#k

As,S; + 3Na,S, = 2NazAsS, + S

Sb,S, + 3(NH,),S, = 2(NH,),ShS, + S
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d. M. BEEALIIE,S,
AT Na SHEH, I T
E,S: + 16NaOH = 2Na,EO, + 5Na,S + 8H,0
E.S: + 3Na,S = 2NajES,
Bi: 4E,S. + 24NaOH = 3Na,EQ, + 5Na,ES, + 12H,0

116



(3) Eifk#  EXsw EFs. SbCg

& 7K i
AsCl, + 4H,0 = H[As(OH),] + 3HCI
SbCl, + H,O = SbOCI + 2HCI
BiCl,+H,0 ==Bi0CI+2HCI
Bi(NO,), + H,O = BiONO, + 2HNO,
> +341Sb. Bi/K#E LT MY
= MPCIl; — BiClKfZ8E 1R TS

> INERFT#IH],  FEAH DER A BC VAR
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3.[+5] O.S. E,O,E,S;, EF.

il

> As,0, 50, E &

> B, =FAI AR S S AR BUK & B A, BiK
3Sb+ 5HNO,+2H,0 == 3H,5b0, +5NO
JAS,0, + AHNO,+TH,0 == 6H ,AsO, +4NO

v As,Ox(Hth) 5, TEHiHASO,, i 5H,POMEL: =Jt
Fromle . BRIVIIRER . W £E. ZRAIR AR

v Sb, O () THA8 R th . HSb(OH)s: — It . 25Tk
IO(OH);« Te(OH)y; spid24:tl, J\MHfk; [SbOg]/\ Hif4&tH ]
FH A4

v Bi,Og(ZLFR ), XM AIR, BiO,A7E1E
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> THEYE
As(V)H] PAAsCl,~, AsO,3 , As(OH), T RE1E:
> As,O T 7K
As,O¢ + 3H,0 = 2H;AsO,
> Sbh,O W T K, AJHTH
Sh,O; + 2KOH + 5H,0 = 2K[Sb(OH),]
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> AL
Sb,O; + 10HCI (¥K) = 2SbCl, + 2Cl, + 5H,0

HoASO, + 2HI—ERE 5 4 AsO . + 20, +H,0

AsOr+1,+20H — =Py As0 4 21+ H,0 (% &)

X Sh(V)EMWMESAs(V)HLL, ANEEELLCE
NaBiO, +6HCI(#K) —— Cl, + BiCl, + NaCl+3H,0
Bi(OH), +Cl,+3Na0H — = NaBi0, (s, & )+ 2NaCl +3H,0

2Mn?* + 5NaBiO;+14H* == 2MnO,+5Bi**+7H,0O + 5Na*
K ER L O—RAM, EEMN?)
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Jé\%: N\ P\ AS\ Sb\ Bl%%%

1. NHJEK]%%
® S Eik: ME—WEME A

. 55 25 S 7] (RS
® N6881ert—tﬁﬁU: K2Hg14 + KOH B, AR 3 AT ke

Hg
NH,C1 + 2K,[Hgly] + 4KOH — [0

NH,]I} + KC1 + 7KI + 3H,0

SN
.
i <o— BE Loy

X RIS KZ180.3ug NH,/2uL

2. NO, 14 %2

@ KI(JRfk)+CCl,: ZEfh 21+2NO, +4H=1,+N,0+2H,0
® ARSI 025 (MAc) : LLEIRHL o+ S ornLysom

@ BNESAT N IENO=FR {34

FeSO, + NO — Fe (NO) SO, (JF#51

- HsN- ‘}-N=N-D-SD:~H
% ) 121
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3. NO, &%

@ KR B (H,S0,/84k) +#5 FeSO0,+KkH,S0,
NO, +3Fe** +4H" ==3Fe’* + NO + 2H,0
Fe’" + NO +S0: ==[Fe(N0O)SO,]

SN O+ 8A1+50H +18H,0 == BAI(OH)  +3NH,
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4. POSHIERE:

® i (U EH iR 7
PO,> + 3NH,* + 12M00,2 + 24H* =
(NH,),PO,*12M00,-6H,0 |+ 6H,0

ZAF: HNO,: 1.872.3mol » dm3 (i&E&E), AN & /KEML

Wi i, EHRER A T, K. NHAc.
NH) ,Cal o
‘%%M%%:

Mg2+ + NH4+ + PO43‘ = NH4|\/|gPO4 (El']%x\rﬁ:‘]ﬁ)

® &7 (11 Ag, PO, TIE
PO?Y +3Ag" = Ag,PO, ¥
HPO? +3Ag* == Ag,PO, ¥ +H"
H,PO; +3Ag" = Ag,PO, ¥ +2H"



. ASO43_E(]§%:

SRR R, RIVAETE. &K, ANE TNHAc.
(NH,) ,C,0,, LAIE[X 43P0,

® [ (B IR BEEL :
55 1 R B 47 [

O 21 {4 Ag,AsO, TTTE -
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6. AsHIERE:
> MarshffEiyESs el AsH AR e M

PR BT FHZnid J)RAs (T11) « As (V) NAsH,, SRS 52 341 3%
}%ﬁ \ﬁfF’ A ASTTAR T ﬁ}l‘ﬁliﬁ/}&@/ﬁ\‘ J& G E/JﬁEla%R
KEMFR: >0.007mg As

As,O, +6Zn+6H,SO, = 2AsH, (g) +6ZnSO, +3H,0

2AsH, —>—2As +3H,

0% %MTH*iﬁ/Wﬁ@%%%ﬁﬁﬂ%ﬂiﬁ
. B T IREAMR IS, Bhes. e NG
5NaCIO+2As+3HO::2H ASO, +5NaCl

> GutzeitiAZEEM: AsH, ik R4
JASH , +12AgNO, 4+ 3H,0 == As,0, +12HNO, +12Aqg ¢
RMFR: >0.005mg As

> 0 A] FH AR R R 4 28 (0. 1T SR

%H%
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7. Sb(III). Bi(III) % sE. &AL
ISn (I1) 3B JEBi (111) N4,

WA A I

=

b

&Bi

281" +3Sn(0H); +90H == 2Biv +2Sn(0H)"

SLRIE
€ 1 Sh (
Note:

= Y BE A YT UE B OB (T1T)

I11)

P mAE —F 1)

AL

= R
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