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A, Lavoisier

  

Cu (OH) 2

 

Cu              Cu (No3)2             

CuSo4        Cu3 (Po4)2CuCl2

  

mlmlmlml 

 

14M6M2 M

8 M1M

  

(II) 

 

Cu(No3)2 + No2 + H2OCu + HNo3 

( m1



ml HNo3

ml

Cu(No3)2 No2

  

(II) 

 

+ NaNo3Cu(OH)2

 

Cu(No3)2 + NaOH

NaOH

Cu(OH)2

ml

  

Cu(OH)2CuO.

 



Cu(OH)2.

(II)

 
CuSo4 + H2O+ H2So4

 
Cu(OH)2

H2So4

CuSo4

 

(II)

Cu3 (Po4)2 + Na2So4CuSo4  +  Na3Po4

 

Cu3 (Po4)2 H2So4

NaOHCu(OH)2

 

mlNa3Po4

 

Cu3(Po4)2
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CuCl2  + H3Po4   Cu3(Po4)2+ HCl

mlHCl

  

ml

 

CuCl2

 



 
Cu + MgCl2CuCl2 + Mg

CuCl2

HCl

ml

B1

(B2

 

m2( B2-B1

     



     

     



PerrinBaptiste

SI

X

C18H34O2

COOH



d=0.89g/mlMW=282.47g/mol

Cm

ml 



mt

Cm×Cmm100

A

V

VAh

hra

AaN

dVm

mMWNNo

No

OTAccuracy

Relative Error

R.E = [ (O-T) / T ] × 100 



mtm100

 



 
PVTn

R. Boyle

n    (TP1V1 = P2V2V 

 

1 / P

G. Amonton

 

nV

 

P1 / T1 = P2 / T2P 

 

T 

J. Charle

 

nP

 

V1 / T1 = V2 / T2V 
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T, V, P

 

n 

 

P1V1 / T1 = P2V2 / T2V

 

T / P 

,

J. Dalton,

Pt = P1+ P2+ P3 

p( torr)Pas ,atm ,mmHgv,lit , m3 Cm3( ml)

Kelvin



=  T K273.15
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ml

 
ml

 
ml

ml

  

T1

P1

  



V

 
T2

PH2OP1

P2

 

V1

VV1V2

 

,V1 , P1 ,T1

 

P2 ,T2V2

  

V2RE

.

 

25 24 23 22 21 20 19 18 17 1615 OC

23.7922.3821.0719.8318.6517.5416.4815.4814.5313.6312.97TORR 

40 3534 33 32 31 30 29 2827 26 OC

55.3242.1839.9037.7335.6633.7031.8230.0428.3526.7425.21TORR 
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V2

   

T1T2

   



   

Mg + HCl    MgCl2 + H2

lit 22.414

ml

ml

 

ml

   

cmml

  

mg

 



  

Vlit

TK

PH2OT

Patm

P ,V, Tmg



0oC1atm

PV= nRT, R= 0.082 lit.atm/mol.ok

m

MW

 

24.312 g/mol 
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MW

  



 
ExothermicEndothermic

qpH

H

 

Calorimeter

   

T   

 

×(tqp = Cp

m(d×V 

 

T   qp =  [Cp(cal) + (d×V×Cp(sol))]

Cp(cal)) 
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qp

( T)
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H

 

qpH
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H   qp 

n

 

1000×r

 

V× M
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p 

MVrp

HCp)cal

 



NaCl + H2O

 
NaOH + HCl 

 
Cp(NaCl ) 

 
0.97 cal/goC - 13600 cal/mol

 
H

 
qpH

  
NH4Cl + H2O

 
NH4OH + HCl 

 
0.95  cal/goC 

 
Cp(NH4Cl) 

  

ml) 

  

2.05 M)

 

2.00 MM)2.05. 

 

50 mlHCl

 

30150( 1

 

1501209060 30 t (Sec)

1 (oC) 

ml

 

NaOH

150

 

18030420

 

( 2



420390360330300270240210180 t (Sec)
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T
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H

 

mlHCl

( 1

1501209060 30 t (Sec)

 

1 (oC) 

 

ml

 

NH4OH150

( 2

420390360330300270240210180 t (Sec)

2 (oC) 

 

T

Cp(NH4Cl)H
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V×NV×N 
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            HCl + NaOH NaCl + H2O                                       

   

CH3COOH + NaOH NaCH3CO2 + H2O                       

  

        

InOH      OH- + In+ 

  



OH

 
pH](-log[ H

  
PHPH

0.1-0.8 

2.9-4.0 

8.3-10.0 

9.3-10.5 

PH

  

mlmlmlml

   



  
0.1 N

 
ml37a1.19g/ml,d36.46g/molMw

0.1 N

Ns

 

mlVa

 



 

VS

NA
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g98a

   
40g/mol MW

 
0.1 N

  

NAml

 

(VA

Vb

NB

                    NA × VA  NB × Vb 

 

Vinegar

  

10 ml (VV

NB

VBNV

 

60 g/mol)MW

 

                                  Nv× Vv  NB × VB 

    

 

6000 × NV

   

mg (
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1.10 g/ml d 

 

g/mol 

 

36.50(MW
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MW ml

  

ml

 

2 N 

  

mlml

 

N
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aA + bB cAB  

-d[A] / adt 

 

-d[B] / bdt 

 

d [AB] / cdt V

mol L-1 sec-1

 

K [A] n [B] m R

ABKRate Constantnm

AB

nm



log k + n log [A]  + m log [B]

 
log R

A

    

 
m log [B]  + C 

 
log R

m x + bylog R 

log[B]mBn

K

10 -Eac / 2.3 RTK

EacRTK



mlmlml

0.05M

 
0.03M

0.50M 0.75M 1.00M 

 

1.50M

 

2.00M

ml

 

HCl 

1.50 ,1.00 ,0.75 ,0.50

 

2.00 

 

0.50 M 

 

2.001.501.000.750.50 [HCl] (M) 

t (Sec) 

1/t[HClt)1

2HCl]t1

 

loglog[HCl]
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Na2S2O3mlH2SO4

 

ml
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t (Sec) 
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M. Faraday,1F )

 

mlml6 V
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H2SO4
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t1I
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t3

V
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T

 
m

  
t1+t2+t3

q

 

mg31.733MW

 

TP'13.6h

P = Patm - PH2O - P' 

     

1.6×10-19 
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(II)

Zn (s) + H2So4 ZnSo4 + H2 (g)

 

MxOy + y H2 x M + y H2O              

CuO (g)

 

+ H2 Cu (s)  + H2O

  

(II)6M)(II)1M)
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(II)

(II)m Powder)t1) 

 

ml

 

CuSo4m1

 

H2So4



(II)

t2).

 



t2- t1 = m Cu(II)

 
CuO

m CuO =  1.252 × m Cu 

 
m Powder)% a )

 

% a = (m CuO /  m Powder)×100 
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RfRate of  Flow

Rf
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2 Hg,Pb,Ag

(I)

HCl

(6M)HCl

(6M)HCl





HCl

PbCl2



Cl-

PbCl4
2-

PbCl2

(s)PbCl(aq)2Cl(aq)Pba) 2
2

 

(aq)PbCl(aq)2ClPbClb) 2
4(s)2

 

HClAgCl2
-

(s)AgCl(aq)Cl(aq)Aga)

 

(aq)AgCl(aq)ClAgClb) 2(s)

 

NH4ClNaCl

I

 

I



ml

Pb2+

AgClPbCl2Hg2Cl2

 

0.67 gml

c

 

1003.34 g

:PbCl2HCl



(1M)k2CrO4PbCrO4

(2M)H2SO4PbSO4

KspPbCrO4

Pb2+

)(20102)(PbCrOK,)(20101.3)(PbSOK
c10

4sp

c8
4sp

  

I

4MNH4OH

(Hg+HgNH2Cl)I



4MHNO3

AgCl

AgClHg2Cl2NH4OH

HgNH2ClHg

I

AgClNH4OH

O2HCl)Ag(NHOH2NHAgCl 2234(s)

 

2
63

2
63

2
43

2
43

2
43 )Co(NH,)Ni(NH,)Zn(NH,)Cd(NH,)Cu(NH 

AgClHg2Cl2

Pb(OH)Cl

HNO3

I

 

II( Auto oxidation 

 

Redoxtion )

O2HClNHClHgNHHgOH2NHClHg 242422

 

HgCl2NH2
-



Hg2Cl2Hg2Cl2

HgCl2

222 HgClHgClHg:1

 
O2HClNHClHgNHOH2NHClHg:2 24242

 

IHg2
2+I

Hg2Cl2

 

HgCl

AgCl

 

  34(s)3(aq)23 NO2NHAgClHNOCl)Ag(NH

 



53422222532 ,,,,,,,,,, AsAsSnSnCdCuBiHgSbSbPb

IIA

IIB

II

II

HNO3(4M)

HCl (6M)

.

.NH4OH (1M)

HCl (0.1M)

.HCl (6M).



(%5)

 
III

(0.1M)HCl

Sn(II)Sn(IV)

2NOO4HSn4H2NOSn 2
4

3
2

223 3Cl2NOO4H8H6Cl2NO 

H2S

3S2NOO4H2HS3H2NO 223  



(S2-)

H2S

HSHS1.H2             

2SH2.HS 

HClH2SH+

S2-II.

H+S2-III

H+0.3M.NH4Cl

AsCl5AsCl3

3Cl3HAsOHO3HAsCl 3323 

5Cl5HAsOHO4HAsCl 4325 

H2S

O6HSAsS3HAsO2H 232233

 

O8HSAsS5HAsO2H 252243

 

H2S

SOHAsOHSHAsOH 233243  



H3AsO3H2SAs2S3

H+

(80oC)H2S

SHCOO)(CHNHO2HCSNHCH 234223

 

IIIII

IVV

III

(PbCl2+PbS)H2SPbS

 

HgS+HgCl2

H2S(HgS)

2HBiOClOHClBi 2
3 

2HSbOClOHClSb 2
3 



HCl

 
43 SbClClSbCl                3Cl2HSbOClOHSbCl 24 

IIAIIB

4MNaOH

(%5)..

IIB

NH4NO3(0.1M)

.HNO3(6M)

H2S

IIB,A

Sb2S3,As2S3,SnS2,HgS

.CdS,CuS,Bi2S3PbS

(Na2S)H2S

O2HSNa2NaOHSH 222

  



OH-S2-

IIB

OHHSOHS 2
2 

IIIIIIIIIV

222(s) HgSNaSNaHgS

 

322(s)2 SnSNaSNaSnS

 

332(s)32 AsS2NaS3NaSAs

 

332(s)32 SbS2NaS3NaSSb

(thio)

3232 SnONaSnSNa

 

32 CaCOCOCaO                         3222 SnSNaSnSSNa

 



 
HgS,As2S3,Sb2S3,SnS2

 
Bi2S3,CdS,PbS,CuS

SnSSnS2

SnIV

 

HNO3

 

22 SCuCuS 

O4H2NO3S8H2NO3S 23
2

 

O4H3Cu2NO3S8H2No3CuS 2
2

3

 

CuS

HCl

 

22 SCuCuS 36
sp 104k

 

SH2HS 2
2

 

H+S2-

CuSHCl

 



IIA

HNO3(6M)

.

H2SO4(4M)

SO3

PbSO4

..

 

NH4(CH3CO2)(1M)CH3CO2H(4M)

k2CrO4(1M)PbCrO4

IIII

PbSO4

SO4
2-HSO4

-



)k(kSOPbPbSO spip
2
4

2
4

 
4

2
4 HSOSOH 

H2SO4HNO3

)120100:(
c

Bp)338:(
c

Bp

3242 SOOHSOH 

HNO3SO3

H2SO4

H2SO4

2
4

2
42322324 SO])OH[Pb(COH4CPbSO 

pb2+

PbCrO4

I



(15M)NH4OH

NaOH(4M)SnCl2(0.2M)

434
3 3NHBi(OH)OH3NHBi 

424
2 2NHCd(OH)OH2NHCd 

424
2 2NHCu(OH)OH2NHCu 

        Cd)Cu,(M         O4H](OH))[M(NHOH4NHM(OH) 224342



IISn(OH)4
2-)(

)Bi(OH)3(

2
6

2
43 3Sn(OH)2Bi3Sn(OH)2Bi(OH) 

IISnCl2

2
2 Sn(OH)2OHSn 

2
42 Sn(OH)2OHSn(OH)         

 

II ) 

Sn(OH)2HClNaOH

23332 Pb(OH),Sb(OH),Al(OH),Cr(OH),Zn(OH)

IICd,Cu,Pb,Sb

(Jet-black)

IIIV

2
622

2
4 2Sn(OH)O2HO2Sn(OH) 

2OHSn(OH)Sn2Sn(OH) 2
6

2
4 



IISn(OH)3
-

CH3COOH(5M)

K4[Fe(CN)6](0.2M)

Cu2+

 

Cu2[Fe(CN)6]1ppm

H2SO4 , HCl

Cd2[Fe(CN)6]

KCN(0.2M)

KCN



(%5)

CdS

KCN

HCN

Cu2+, Cd2+

        3
2

4
2

43 4NH][Cd(CN)4CN])[Cd(NH 

        3222
2

43 8NHNC][Cu(CN)4CN])[Cu(NH

4CNCdCd(CN) 22
4 

CdSSCd 22 

Cu2S.

(Cu2+/Cu+)

CuS

(%5)



CdS

IIB

HCl(1M)

NH4(CH3CO2)(1M)

CuSHgS

II

HClIIB

SHHgS2HSHg 2
2
2

 

S3HSAs6H2AsS 232
3
3

 

S3HSSb6H2SbS 232
3
3

 

SHSbS6HSnS 22
2
3

  



HCl

HCl

HCl (6M)

HCl(6M)

NH4(CH3CO2)(1M)

S2HSnCl6Cl4HSnS 2
2
62 

S3H2SbCl8Cl6HSSb 2432 

IIHCl

HClSb3+

 

SbOCl



NH4OH(4M)H2O2(%3)

NH4OH(15M)MgCl2+NH4Cl

 

MgNH4AsO4

 

II

O20H3SO]2[AsO12OHO14HSAs 2
2
4

3
42232      

H2O2

MgNH4AsO4

44
2

4
3

4 AsOMgNHMgNH][AsO                                                  

II

HNO3(14M)HCl(12M)



SnCl2(0.2M)

HgS 

Hg(NO3)2,2HgS

HgS

3SO4H2NO3HgCl12Cl8H2NOHgS 2
2
43 

II(HNO3)IV

II

32 SnClClSnCl 

IISnCl3
-

     3ClSnClClHgSnCl2HgCl 2
6223

2
4                  

 

2
6322 SnCl2HgClSnClClHg

 



Sn2+Sn4+

223 3Cl2NOO4H8H6Cl2NO 

NH4OH(4M)

CH3COOH(6M)

Na2S2O3.5H2O

Sb2OS2

H2SH2S

SnS2

SHSOOHOS 2
2
42

2
32

 

O3HOSSbS2H2SbOOH 2222

 

SnS2



(6M)HCl

HgCl2(0.1M)

(Hg2Cl2)(Hg)

Sn+4Sn

3Sn4Al3Sn4Al 34 

HClSn

22
33 HAl3HAl 

2
2 HSn2HSn 

IV

AlSn4+Sb3+

HClH+





33232222 Cr,Fe,Fe,Al,Zn,Mn,Ni,Co

IIIA

IIIB

III

NH4Cl(0.1M)

NH4OH(15M)

NH4OH(15M)

(%5)



Mg2+Mg(OH)2

Fe3+,Cr3+,Al3+

Co2+,Ni2+,Zn2+NH4OHNi(NH3)6
2+,Zn(NH3)4

2+Co(NH3)6
3+

S2-

3
22

43 4NHZnSS)Zn(NH 

3
22

63 6NHNiSS)Ni(NH 

3
23

63 12NHS2CoS3S)2Co(NH 

Co2+Co3+

Co2+

424
2 2NHCo(OH)OH2NHCo 

       O6H2OH)Co(NHOH6NHCo(OH) 2
2
6342         

                        4OH)4Co(NHO2HO)4Co(NH 3
6322

2
63



II

Mns,FesSMn(OH),Fe(OH) 2
22 

Fe(OH)2III

3222 4Fe(OH)O2HO4Fe(OH)

  

SOH6NH2FeS3S6NH4Fe(OH) 4
2

33

 

MnSNi(OH)2Fe(OH)3

ZnSCo(OH)2Fe(OH)2

NiSCr(OH)3Zn(OH)2

CoSMn(OH)2Al(OH)3

Co(NH3)6
3+Ni(NH3)6

2+Zn(NH3)4
2+

IIIAIIIB

(12M)HClHNO3(14M)



.

NaOH(4M)

H2O2(%3)

Zns,Fes,Mns,Cr(OH)3,Fe(OH)3,Al(OH)3HCl

CoS,NiS

)(

O4H3S2NO
CoCl

NiCl
312Cl8H2NO

CoS

NiS
3 22

4

2
4

3

 

Fe IIFe III

3SO2HNOFeCl4Cl4HNO3FeS 243 

Al(OH)4
-

Cr(OH)4
-Zn(OH)4

2-



O8H2CrO2OHO3H2Cr(OH) 2
2
4224

 
3222 2Co(OH)OH2Co(OH)

 

22222 MnOO2HOHMn(OH)

 

Mn(OH)2

MnO2Mn2O3CoCl2

HCl

Co(H2O)6Cl3
-

CoCl4
-

III A

H2SO4(4M)H2O2(%3)

H2SO4(4M)

 



:

Fe3+Ni2+MnO2

H2O2

OHMn2HMnO

OOHMnOOHMnO

2
2

22222 

O2HCo2HCo(OH)

OO2H2Co(OH)OHCo(OH)2

2
2

2

222223 

H2O2

H2O2

:

KSCN

K3Fe(SCN)6

3
6

3 (SCN)Fe6SCNFe
                                              

Fe(SCN)5
2-,Fe(SCN)4

- ,Fe(SCN)2
+,FeSCN2+

KSCNK3Fe(SCN)6



KSCN
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NaF

FeF6
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2
4

2 Co(SCN)4SCNCo 
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CNFe
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kCNFe

 

Fe
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4

 
4

 
6

 
3

 
])([])([3
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CNFeFek

 
CNFe

 
Fe

   



NH4OH(4M)

Fe(OH)3Mn(OH)2

(DMG)NiC8H14N4O4

FeII

DMG2223 (NOH)C)(CH

                                        

HNO3(4M)NaBiO3

NaMnO4

Mn2+MnO4
-

O7H5Bi2MnO14H5BiO2Mn 2
3

43
2

 



K2Cr2O7KMnO4.

Cl-S2-MnO4
-

O8H5Cl2Mn16HCl102MnO 22
2

4

 

O8H5S2Mn6HSH52MnO 2
2

24

 

HNO3(14M)

NH4OH(4M)

(4M)HNO3

NH4OH(4M)



HNO3

O3HAl3HAl(OH)

OHAl(OH)HAl(OH)

2
3

3

234 

O2HZn2HZn(OH)

O2HZn(OH)2HZn(OH)

2
2

2

22
2
4 

OHOCr2HCrO2 2
2
72

2
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H2O2HNO3

OH73O2Cr8HO3HOCr 22
3
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2
72

 

3
3 Cr(OH)3OHCr 

NH4OH

434
3 3NHAl(OH)OH3NHAl 

424
2 2NHZn(OH)OH2NHZn 

O4H2OH)Zn(NHOH4NHZn(oH) 2
2
4342

  



      OH2CrO2OHOCr 2
2
4

2
72

(CrO4
-)HCl

HNO3Cr3+

Al(OH)3

436241136 OCOONHHC)CCOONHOH(C

 

HCl(4M)

k4Fe(CN)6(1M)

Zn3k2[Fe(CN)6]2



CH3COOH(4M)

Pb(CH3CO2)2(6M)

PbCrO4BaCl2(1M)

BaCl2

.

4
2
4

2 BaCrOCrOBa 

    



222 Ca,Sr,Ba

IV

IV,V

HCl(12M)NH4OH(4M)

NH4OH(4M)(NH4)2CO3 (1M)

V

IV

HNO3(14M)

HClNHClNH 34

 

3334 HNONHNONH

 

O2HNOHNONH 2233

   



HCl

IVV

3
2
3

2 MCOCOM

OHHCOOHCO 32
2
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600C70

CH3COOH(4M)(NH4)2CH3CO2(1M)

K2CrO4(1M)

BaCrO4

HCl(12M)

H2SO4(4M)

BaSO4



22223233(s) COOH)COM(CHHCO2CHMCO

 

5PH

OHOCr2HCrO2H2CrO 2
2
724

2
4

 

CrO4
2-BaCrO4SrCrO4

)103.6Ksp,101.2(Ksp 5
SrCrO

10
BaCrO 44

 

4
2
4

2 BaCrOCrOBa 

OHOCr2Ba2HBaCrO2 2
2
72

2
(s)4

 

4
2
4

2 BaSOSOBa 

NH4OH(4M)

C2H5OH



SrCrO4

SrCrO4

OH2CrO2OHOCr 2
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