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Heat capacity (J/Kg.K x 107 at 25°C) monoclinic 4Be®  16x10°y B 32Ge®  288d EC. 48cd™  462.3d  EC 69Tm'®  93.1d EC. 2026 234x107y a 106Unh 0.8s SE




DISSOCIATION CONSTANTS OF ACIDS IN

WATER AT 25°C
Acid Base pKa
HI " -1
HBr Br’ -9
HCIO, ClO4” -8
HCI cr -7
H,SeO, HSeO, -3
H.SO4 HSO,” -3
HMnO, MnO,” -2.3
H;0" H,0 -1.74
HNO; NO5~ -1.64
H,CrO, HCrO,” -1
HCIOs ClO;™ -1
CF;COOH CF;CO0" 0.23
CCI;COOH CClsCO0" 0.7
HIO; 105" 0.8
H4P,0; H;P,0;” 0.85
HsPO, H,PO,” 1.1
H,C,04 HC04 1.2
CHCI,COOH CHCI,COO™ 1.25
H.SO; HSO5™ 1.8
HsPO; H,PO5™ 1.8
HCIO, Clo;” 2
HSO.” S04~ 2
HsPO, H,PO, 2.1
H3AsO, H,AsO,” 2.2
CH,CICOOH CH,CICOO™ 2.9
H)Te HTe” 3
[Fe(H,0)e] [Fe(H,O)sOH] 3.1
HF F 3.2
HNO. NO,” 34
HCOOH HCOO™ 3.8
HCNO CNO” 3.9
H.Se HSe™ 4
CsHsCOOH C¢HsCOO™ 4.2
HCzOA_+ C2047" 4.3
C,HNH3 CHsNH, 46
HN, N5~ 47
CH;COOH CH;CO0O"~ 4.75
CH3;CH,COOH CH;CH,COO™ 4.9
(CH,)NH' (CHa)eNs . 5
[AI(H,0)] [AI(H,0)sOH] 5
GsHsNH CsHsN 5.2
NH;OH" NH,OH 6
H,PO5™ HPO; ™ 6.2
H.CO; HCOs5™ 6.4
HCrOs” CrOs " 6.5
H.P,0; HP,O; 6.6
H,AsO,” HAsO, ™ 7
H.S HS™ 7
H,PO,” HPO, ™~ 7.2
HSO;™ SO;™ 7.2
HCIO clo” 7.3
HBrO BrO™ 8.7
HsBO; H,BO;~ 9.2
NHa" NH; 9.2
HCN CN” 9.3
H3AsO; H,AsO; 9.6
HP,O; " PO, 9.6
H,SiO; HSiO3 9.9
HIO 107 10
C¢HsOH CsHsO 10
HCOs™, Cos™ 10.4
CH3NH3 CHsNH, 10.7
HAsO,™ AsO, 115
H,0, HO,;” 11.6
HPO,™ POs 11.9
Ca” CaOH" 12.7
HS™ ST 13
CH3;COH CHs;CO 14.5
CHs;OH CH;O" 15.5
H.O OH"~ 15.7
CH;CH,OH CH;CH,O" 15.9
HO;” (o7 25
PH; PH,” 27
OH™ o~ 29
NH; NH," 35

pH calculations

strong acid : pH = -log Cp
strong base :pH = 14 + log Cg

weak acid: pH= %(pKa -log Cp)

weak base : pH = 7+%pKa +%

buff H = pKa + log =B

uffer: =pKa + log=—
pH=p 9T,
strong acid and strong base
weak acid and strong base

Salts of

strong acid and weak base

weak acid and weak
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log Cg

base

pH=7

1 1
H=7+—pK —log C
p +2PA+2 9 Cs

pH=7

1

1
-—pKg - —log C
2 P8 " 5095

pH=7 +lpKA - lpKB

2 2

ELECTROCHEMICAL SERIES *Zn"+2e == n -0.76 OoNO; + H,0 + 26 == NO, + 2 OH" 0.0 eAg'+e = Ag +0.80
e 43¢ = Cr -0.74 ©S06 +2¢ == 25,03 +0.1 e Hg™ +2¢” == Hg +0.854
Eo= standard reduction potential (volt) ©S,05 +3H,0 +4e == 2S+60H -0.74 ON;Hs + 2 H;0 + 26 == NH; + 2 OH" +0.1 ©0, +4H'(107) +46 == 2 H,0 +0.82
T =25°C *SO; +3H0+4e == S+60H -0.66 *S+2H +2e == HJS +0.14 e+ +e = Cul +0.86
P=1atm. *SO; +3H,0+6e == S +6 OH -0.61 oSN +2e0 = sSn” +0.15 *CIO +H0 +2e == Cl +20H +0.89
Metals and derivatives . ©250; +3H;0 + 4 ==5,05 +6OH -0.58 eCu"+e = Cu' +0.15 02NO; +4H" +2e == N,04 + 2 H;0 +0.90
Halogen and derivatives . *Ga"+3e == Ga -0.56 *ClO; + H0 +2e == CIO; +2OH +0.17 *2Hg" +2e" == Hg," +0.91
Chalcogens . * Ni(NHs)s™" +2e" == Ni+6 NH; -0.51 ©SO; +4H" +2e° == H,S0; + H,0 +0.17 ONO; +3 H’ +2¢" == HNO; + H,0 +0.94
Others ° eS+2e8 = S -0.51 e AgCl+e == Ag+ClI +0.22 ONO; +4H +3e == NO +2H,0 +0.96
OH;PO, + H + & == P+2H,0 -0.51 *Ge" +2¢ = Ge +0.23 OHNO; + H" + & == NO + H,0 +1.0
E, OHsPO; +3H +3e” == P +3 H,0 -0.50 *HgCl, + 26 == 2Hg+2CI +0.27 *Br; + 2e gg 2Br . +1.06
elif+e == Li -3.05 OH3PO; + 2 H' + 26 == H3PO; + H,0 -0.50 012N +4H +3¢ == NH, +0.27 *ClOs +2H +2e == CI0s +H;0 +1.19
eK'+e = K -2.93 ©02(C0;+2H +2e == (COOH), -0.49 *ClO; + H,0 +2e == ClO; +2OH +0.33 * Pt +2e ?e Pt +1.2
*Rb"+e = Rb -2.92 e Fe" +2e == Fe -0.47 VO, " +2H + & == V" + H;0 +0.34 *Cl0s +3H +2e == HCIO; + H,0 +1.21
cC'te = G -2.92 ONO; +H0+e == NO+20H - 0.46 sCu™ +2e == Cu +0.34 *MnO; +4H +2e == Mn" +2H,0 +1.23
*Ba" +2e = Ba -2.91 *Ag(CN); +& == Ag+2CN -0.45 *ClO +H,0+e == 1/2Cl, + 2 OH +0.42 *Co+e == Co . +1.30
oS 42T = Sr -2.89 * Co(NHs)s™" + 26 == Co + 6 NH; -0.43 ©0;+2H0 +4e == 40H +0.40 ONHy' + 3 H' +2e == 2 NH, +1.30
e Ca™+2¢ = Ca -2.87 e = - 0.41 ©2 H,50; + 2 H' + 4e == 5,05 + 3 H,0 +0.40 *Cr07 +14H +6e ==2Cr" +7H,0 +1.36
eNa'+e = Na -2.71 eCd”+2¢8 = d -0.40 *H,50; + 4 H" + 4 == S + 3 H,0 +0.45 *Chy, +2e =20 +1.36
e Mg™ +2¢ == Mg -237 OHsPOs + 5 H +5¢° == P+4H,0 -0.40 «CIOs + 2 H,0 + 4¢” == CIO + 4 OH- +0.43 *Ch,+2e ==20 +1.40
OH,PO, +& == P+2OH -2.05 012N, +3e == NH;+30H -0.40 ©5,05 +6 H +4e =25 +3 H,0 +0.50 *PbO; +4H +2e ==Pb" +2H,0 +1.46
e Be” +2¢ = Be -1.85 *PbSO, + 26 == Pb + 5O, -0.36 © 4 HSO; + 4 H + 66 == 5,05 + 6 H,0 +0.51 *BrO; +6H +6e ==Br +3H,0 +144
e A"+ 3 == Al -1.66 e Co™+2e == Co -0.28 eCu'+e ==Cu +0.52 : E/IIOS +6 HHT >e = 1/'\2/| Cl + i :20 * ,1|4Z
OHPO;™ +2 H,0 + 26 == H,PO, +3 OH -1.57 OH;PO, + 2 H' +26 = H;PO; + H,0 -0.28 oh+2e =21 +0.54 . HCnIgA +38H+ +35g %1/2”0 + A ;OO * 1'23
V42 =V -1.18 *Ni""+2¢ == Ni -0.27 eCu™+Cl+e == Cudl +0.54 . HCIOZ +H+ + e 61/2 a 2 L ° 2 + 163
e Mn™ +2¢” == Mn -1.18 Ve = V7 -0.26 0 H;As04 + 2 H' + 26 == HAsO, + 2 H,0 +0.56 - Helo + 5 }e o — Ha«zo* Ho * rea
ONz+4 H,0 +4e == NyHy + 4 OH -1.16 ON,+5H +4e == NH, -0.23 e MnO, + e == MnO,~ +0.58 pt ol H ol == + o
<= ; : PN <= ot == e PbO, + SO, +4H'+2e == PbSOs+2H,0  +1.69
0 PO, +2 H,0 +2e == HPO; + 30H -1.12 *Sn" +2e = Sn -0.14 eCu”™ +Br +e == CuBr +0.64 « MNO: £ 4 H + 36 = MnOs + 2 H,0 +1.70
*Zn(NH:)i™" +2e° == Zn + 4 NH; -1.03 ONO; +2H0+3e == NO+40H -0.14 +ClO; + H,0 +2e == CIO +2OH +0.66 ey == e : T 174
°Se+2e = Se -0.92 e AgCN +e == Ag+CN’ -0.14 °0, +2H +2e == H,0, +0.68 Ho S )
- R o ~ S z *H,0,+2H +2e962H20 +1.77
e Cr'+2e = Cr -0.91 *Pb™ +2¢e = Pb -0.13 0 CsH40; + 2 H + 26 == CeH4(OH), +0.70 5,05 + 26 == 250, +2.01
©SO, + H,0 + 26 == SO; +20H" -0.90 ONO; +6H,0+8 == NH;+9OH -0.12 e PtCly +26 == Pt+4CI +0.73 c O 42 H' +§ >0, + H,0 +2.07
OP+3H,0+3¢ == PH;+30H -0.89 eFe™ +3e == Fe -0.04 eFe™ +e == Fe"” +0.77 Fry 20 == = ’
_ N " - . < *F+2e ==2F +2.87
*2H,0 +2¢° == H,+2 OH -0.83 *2H +2¢ =H; 0.0 *Hg,” +2e ==2Hg +0.79
SOLUBILITY PRODUCTS AT 25°C
ANION OH S F Cl I Br CO; ™ N PO, CrO, CN SCN™ CHsC00" G0, BrO;” 105"
CATION
Ag" 6.69 x 10 1.77x10™ | 851x10" | 535x10™ | 845x10™ | 1.20x10° | 888x10" | 1.12x10™ | 597x10" | 1.03x10™ | 1.94x10° | 540x10™ | 534x10° | 3.17x10°
AT 9.83x 10
Ba" 2.55x 10" (1) 1.84 x 107 2.58x10° | 1.07x10" 1.17x10"° 4.01x10°
Be™ 3x10™
Bi"* 1.82 x 10™
Ca" 468x10° 1.46x10™° 496x10° | 7.10x10° | 2.07x10% 2.34x10° 3) 6.47 x 10°
o 527x10" | 1.40x10” | 6.44x10° 6.18x10™ 2,53x10% 1.42x10° @ 249x10°
Co™ 1.09x10™ | 1.40x10™ 2.05x 10 1.21x10° (4)
Cu* 2.26x 10" 1.72x107 | 1.27x10™ | 6.27x10° 1.77x 10"
Cu™ 1.27 x 10 1.39x 107 4.43x10" 6.94x 10° (5)
Fe™ 4.87x10" | 1.59x10™ | 2.36x10° 3.07x10™
Fe™ 2.64x10% 9.92x10% ¢
Hg' 3.10x10° | 1.45x10™ | 533x10% | 6.41x10% | 3.67x10" | 7.99x 107 3.12x10% 1.75x10™
Hg™ 3.13x10% | 6.44x10™ 2.82x10%
Li* 8.15x 10"
Mg"™ 561x10" 7.42x10™" 6.82x10° 9.86 x 10%° 4.83x10° (1)
Mn** 2.06x10" | 465x10™ 2.24x10™" 1.70 x 107 (8) 4.37 x 107
Ni™ 7.47x10™ | 1.07x10” 1.42 x 107 473x10% 4.71x10°
Pb™ 1.42x10% | 9.04x10% | 7.12x107 | 1.17x10° | 849x10° | 7.60x10° | 1.46x10™ | 1.82x10° 2.11x10° 8.51x10™ 3.68x 10"
Sn™ 545x 10”7 | 3.25x10%
Sr 433x10° 560x10™ | 3.44x107 1.14 x 107
n" 7.71x10"7 | 2.93x10” | 3.04x10” 1.19x10™ 1.37 x10° (9) 429x10°
(1) Ba(OH),.8H,0 (2)CdC,0,3H,0  (3)CaC0,H,0 (4) Co(10,),2H,0  (5) Cu(10,),.H,0 (6) Fe PO,.2H,0 (7) Mg C,0,2H0  (8) Mn C,0,.2H,0 (9)Zn C,0,.2H,0
PHYSICAL CONSTANTS PROPERTIES OF SOME SUBATOMIC PARTICLES BOND ENERGY VALUES (kJ/mol)
Speed of light ¢ = 2997925/ 10°ms’ Electron | Neutron | Proton |Neutrino | Photon SINGLE BONDS
Boltzmann constant k = 1.38054 |10 J K’ s H N 0 S F cl Br I
> ~ ymbol e n p v Y 3
Avogadro constant N. = 6.02252 | 10” mol 2 2?1 "
- — EaEE—— 9.1095 16749 | 1.6726
Molar volume, ideal gas Vim = 2.24136 |10 nl rrlol Rest mass (kg) 10°" <107 | x107 | ~0 ~0 N 386 305 167
Gas constant R =8.3143 |[Jmol K : 0 459 358 201 142
Faraday constant F = 9.64870 | 10°C mol Relative 21, 5.4858 100 | 1.00727 S 363 272 — — 226
Planck constant h =6625 |10°Js atomic mass B x10° ' ' ~0 | ~0 F 565 485 283 190 284 155
-8 2,4
Stefan-Boltzmann constant 6 =56697 |[10°Wm"K Radius (m) <1x10™ | 8x10™ | 8x10° | g g' 428 327 313 218 255 249 240
- — i r 362 285 — 201 217 249 216 190
Bohr radius a, = 5.29167 |10 m
Gravitational constant G =6.6720 |10" Nm’kg> Spin quantum number 1 1 1”2 1 ! I 2% 213 — 01— 278 208 T/ 149
Sermittvity of - — 8'8542 —— 9 MULTIPLE BONDS
ermittivi OT vacuum = o. -1 .
- b'I'y - — 10 Fm Charge © v I i 0 c=C 602 C=N 615 c=0 799
ermeability of vacuum o =AW 10" Hm C=C 835 C=N 887 C=0 1072
Classical electron radius re = 2.817938| 10" m Magnetic moment (T 92848 | -9.6592 | 1.41061 0 0 N=N 418 N=0 607 $=0 (in SO,) 532
Rydberg constant R = 2.179914| 10" g x10% | x107 | x10™ NEN 942 o, 494 S=0 (inSO,) 469

Units of radioactive decay rate : 1 Ci = 3.7 10'° Bq



