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Elemment  Symbol. Alomic Number  Aiomic Weight Elemnent Symbol -Atomic Numbee  Alonic Weight |
Actinium Ae 89 2270278 . Molybdenum Mo B ¥ R 95940 i
Aluminum Al 13 26.58154 . Neodymium Nd 6 144.24 = 3* i
Amencium  Am .95 (243) - Neon © Ne 10 waree
Antimony St $1 121,75 %3 Neptunium Np- 93 137.0482 i
Argon Ar 18 19.948% Nicieel Ni : - 28 SK69 I
Arsenic As 33 149216 Niobium Nb .4l 92.9064 Lor
Astatine Al 85 210y Nitrogen N 7 1067 [
Barium Ba 56 137.33 Nobelium No . 1 (259} LR
Beskelium Bk 97 (247 Csmium Os 6 1G0. 2% i
Beryllium Be -4 9.01218 Quygen [0 £ ) 15,5994 + 3 H
Bismuth Bi 83 2089804 Palladium pd 45 1 i
Boron B s 10.B1* Phosphorus p 15 30.97376 I
Bromine - Br - 79.904 © Platinum: Py 78 CLAY 1 S
Cadnrium Cd 43 s Plutonium Pu. M (244) Iy
Caleium Ca - 20 40.08* Polenivm Po g4 20%) i
Californium ~ Cf 98 (281) . Potassium K 19 39.0983 D
Carban C [ 12,010 " Prasecdymiium  Pr . 59 1409077 o
Cerium Ce 58 140.12% Pramettium Pm Y6) e
Cesium Cs 5s 1329054 Prowosctintum Pa 9y 2300359 ‘
Chlorine G 7 35453 Radium - Ra 83 22602540 .
; Chromium - Ce r 96 Radon " Ra - B6 . {2z I
Cobat ' - Co 27 -58.9332 + Rheaium' Re . 15 k6207 i
3 Copper Co 29 63.546 & 3* Rhodium R 45 102.9058
Curium “Cm 96 (247 Rubidium Rb: 17 RS4ETB = 3
Dysprasium Dy 65 16250+ 3 Rutheniom Ru 44 BT R v L
Eingteipium - £s- 99 * (252) Samanum Sm 62 150,36 =
Erbiumn Er 63 161263 Scandivm Sc b 440559
Europium - Eu . 83 151.96* Sclenium Se 34 , 1896 %3
Fermium Fm 100 (5N Silicon -8l ‘ 14 . 2BO8SS+ D i
Fluorine F 4 18.998403 Silver Ag 47 1078682 & 3 i
Francium Fr 87 (223 Sadium ‘Na. 1 2298977 i
Gadolinium . &< &4 15725 +3 - Strondum Sr ’ 38 B7.62"
Galllum Ga 3 69,72 _ Sulfur S 16 32,06
. CGermanium Ge n 7259+3 Taotalum - Ta : b2 180.9473
Gold A 9 o 19569668 Technetivm Te 43 (58)
i Hafalum Hf n 17849423 Tellurium Te 52 127.60 £ !
1 Helivm He -2 4,00260" Terbium Tb 65 158.9254 I
L Holmium Ho 67 164.9304 Thallium T 81 T 204,383 B
‘Hydrogen . H i 100794 x ™ Thoriuh “Th - 23203810
indinm In 49 114.32 Thullum - Tm’ . 69 168.9342
lodine 1 . §3 1269045 S Tin -8n 30 118693
iridium Ir n 1922233 Titanium Ti 2. 41883
lron Fe pl 35,8473 Tungsten - w L 1838523 i
Krypton Kr 36 83.80% Unnilhexium Unh 106 (263} L
Lanthanum la’ LY 138.9035 & 3 Unuilpontium  Unp 108 (282 i
; Lawrencium Lr 103 (260) Unnilquadium  Unqg 104 (261 A
k! ’ Lead Pb 82 207,20, Uranium &) 92 . 1380289 .
o Lithium L 3 . 6.94] k3% VYanadium v 23 50.9415 o
i Lutetium Lu 7 174.967 Xenon Xe , SR 131193 .
g Magrnesium, Mg 12 24.305* Ynerbiom Yy 70 173.04 £ 3 I
- Manganese Ma - 25 34.9380 Yarium Y 19, %8.9059 - b
i Mendelevium  Md 10 {258) Zine Zn 0 63.38
Mercury Hg 80 200,59+ 3 Zircanium Zy 40 912 i
. I
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Bement  ConRguration © Elwment Canﬂq\nuon Tarm
H 18 g Sy Krl4d"®5s'5p" ™
Hs 18t - 'S o Re {Krlad6sEp" s
L {Hel2a' S ..Cs [Xalﬁs‘ s
Be |He]2s* B o Ba [%el65" g
-] [He]2s"2p' ST ¥ O [Xe|52'6s” mn
c He]2¢*2p° R - |Xpl4¢ 665" *H
N {Ho|2s%2p° 8 P [Xel4r6s? v
(o] [Hel2s’2p* P . 'Nd [Xeldf ‘s’ 9
F (Hej2s’ 2™ p Pm [xa)as"6s® LY
Ne [Hel|2s"2p® 'S L Sm [Xalaries? 'F
Ne [Najag’ 5 N [Xel4r’8s’ ]
My iNel3s’ 's ..6d |Xslar "Sc'6s” D
Al [Nel3s?ap' p T YR |®elares? L'
Si _ [Nejag*3p’ R id . Dy - [Xelaf''6s? i
P [Nel3s’3p? ‘s Ho [xel4r''es’ 4
s INelas™3p* Ip “Br Xalares” - LY
cl INel3s%35" P o .Tm - [%eldr'6s? “BF
“Ar {Nel3s'3p° ‘s Yb [Xelar*gs? 's
K lArias' s tu {Xnjar6a'6s” ™
Ca |Arids? 'S e XA 50%'6s” 3k
S |Arl3d'4s® D Ta. [Xel4r*5a%6s* ‘F
Ti |Actad®as® * w [Xelarsd‘ss’ kv]
v [Ar[adPas? *F “Re [Xajar6o™as’ s
Cr [Ar]30%4s’ s Qs Xelar'5a%6s’ D
Wn |Arjadtss® 'S Ir “{Xeldf"5d'6s° “*
Fe |arj3d®ds’ D Pt IXelar'“6a%s" 1]
Co [Arl3d as” “* Au i |Xeldr6d'"es’ s
Ni [Ar]3d"as® b Ho ‘MeldFEd"es® s
Cu [Ar]3d"4s" s n: [Xel4r“6d'"6578p’ P
Zn JAr|3g"4s? '5 Ph [Xelar'*s5a'8s*6p” P
Gs [Arj3d™as’ap' p Bl [Xe)47*5a"%5s'6p" ‘S
Go [Arjad™4s%4p? i Fo ' [Xelsr'*5a"%6s%6p* P
As [Aanad“4sap’ s At [Xular'Ba’es’tp" P
Sa {ArJad"as'ap’ P Rn Xejdr5q""8s'6p" 'S
Be [Ar]3d™4s%4p" P Fr {Rn]7s' 5
s [Arj3d " as’4p* 'S Re (Rn]7s’ 'S
Rb [KrlSs' ig Ac [Rnj6d'?s? D
Sr [Kr)Ss? 'S T |Ral6a*78* ¥
Y [Kri4d'Gs® ® Fa Rn)5F'6d"7s* K
r [Kridd'5s? ¥ U [Rnjsri6d'?s’ 8
Nb [Krldd'5s’ ‘0 Np {Rn]BF'6d" 78" 5L
Mo [Kelad®Bs" s Pu {Rn]5r*7s? F
Te IKriad®ss? s Am [Rnlsr7257 s
Ru (Krlad 5g" S Cm |RniS7 ‘6d"7s* D
Ah [Krjad'5s* . Bk IRn|57%74? "™
Pd [Xriad" 'S o [Rnl5r*°75° "
Ag (Kridg™ss’ x5 € {Rn5¢"' 78’ Y
cd {Krjae"8s* 'S Fm [Rn|57"77s’ *H
In {Krlad""55'5p’ p Md {Rn]5F*75* 3
8n [Krlad'*ss5p? p ~ No IRnIGF 75 - 'S
Sb [Krlaa™us’s5p” @ 6 ) [Rn|5/"8d’Ts? D
Te [Krl4d'"8s75p° P
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T I R , ol el
‘mafl 4 A1 Equilibrium constant (11 25°C)

Water.

Weak Acids : ‘

Acetic ....... ersssssssseraren vovuns .
Boric .
CRIBOMIC. s osssesssssesseres

' Chromic ..ceeeee veveuinorararase

FOrmiC.....ocessnrrssenes esvresne ’
Hydrocyanic.........es vessneronen
HydrofluoHC ceveseesenesssnnser

‘Hydrogen peroxide.
Hydrogen sulfide....

H,0 = H* + O
H, iy -
. 'H,BO, ~ H* '+ H,B0,
. +* .
HzCO’ = H” + HCO]
H,Cr0,= H* + HCrO,
HCHO, = H* + CHO;.

¢ + o .
. ‘H,O’ = HY 4 an
- st = H* + HS

- lb-l‘

. 1.8 x 10°

HCH,0, = H*. + C;H,0,

5.8 x 1071°

. * .
HCO; = H* + COj

HCrO, = H* + CrO].....c....-

K,=6 x 1o

K, = 4.5 x 107 -

K, = 5.9 x 10*
K, =6x10°
2 x 10*

HCN = H* + CN'

4 x 10

HF = H' + F

7.2 x 104

'

2.4 x 1072

HS = H* + 5~

K, = 1.0 x 10

K, = LI x 107

220

 NIEOUS.wvnrssvsnpressssssssnessonss HNO, = H* + NOj.... 4.5 % 10%

o rrvvrnee BGO, = B 4 HC, O eemrmnesresesssssnrssssesmsmassssssossoss K, = 59 x 10°

o HC,0; = H* + c,o;‘ K, = 6.4:x 10°*

PhOSPHOFC cvvvessscssssesssseenss “H PO, = H* +H,PO;. K, = 75% 107
| BP0, = H* + HPO] X=axw’ |

HPO, =~ H* + PO K, =1 x 10"

" PhOSPROTOUS ccrvvvervvsvessessnns - HyPOy = H* + H,PO] K, = 1.6 x 10
Bisulfate 100 cvvcreuunscrssrns - HSO, = HY + 507 K, = 1.2 x 10°
SUlfUTOUS ovsvsseneesens — HS0; = HY 4 HSO e innenuusensosssnnsnssnassosssinssinessssenens K, = 12 x 107

HSO) = H* # §0] cccuvrrrunsasssmssssssanssssssssssssssssssssssserens K, = 1 x 107

Weak Bases :

Ammonium hydroxide......... NH,OH = NH; + OH’ 1.8 x 10

Compiex lons and Amphoteric Hydroxides :

CUPFic AMMONIA1vervecrrressnse Cu(NH)!* = Cu** + 'JNH, s x 101
SIIVEr AMMONIALeeersssoeserssens ARNH)Y = ag® + INH, .6 x 10"
Zinc ammonia....... Za(NH)?* = Zno** & aNH, ... e 3% 1070
Mercuric chioride...... HECT, = HECL, + 2CT wicvnecri 1x 19?
Silver chloride........... wwrene  ARCE, = Ag* + 2CT.. 1 x et
Aluminum hydroxide.......... ANOH), = ANOH), + OH' 2.5 x 107
Chromic hydroxide......ieerre  CrOH), = Cr(OH); + OH' .. . 108
Lead hydroxide.......csecorseees  PHOH)] = PH(OH), + OH ....... 50
Stannous hydroxide....icervers  Sn(OH); = Su(OH), + OH' L0
Zinc hydroxide......... Za(OH)] = Za(OH), + 20H.... 10
CM 117 (L) |




el 5 Solubllity products (18°C B 25°C)

Acetates ; S Hydroxides, continued :
AgAc ' T2 x10t FE(OH), ocrrernnnssrsnsommsrsssmssssssrnsnns 1 X 1078

Halides : - | Ms©H),.... ' err 6 % 1072
AZClouurnrrverrnses csssssssssmmnassessarnins 1.6 % 1072 2GR — cerrenresrsenrenens - 1 % 10
AgBr SR TS | Al PBOH), covvvennerrsesnnressssssenesrinisessins 110
AGlnunnnncnnssssssmmsssrnnens T— . Ux 167 SOH), c.cvvsrrvivnsmensessasssssrscssnsenene 1% 10%
Hg,Cl,. B 1% 407% Zn(OH), ........... veesisarereaninssassaiisins 1% 10"
o I v 17 10° | Oxalases : o ‘

L0 RGN 8 [ o711 S 2 x 10°
Carbonates : BRI MgC,0, . ccvevnens PRI vioenenee -9 X 107
V2o NO—— . 8 x 10 BaC,0,....... reessnsensiasensrsnssases 1 x 107

ﬁICO, .......... 5% 107 ’ Sulfates :
CaCo, .. 48 x10” AgSO,......... : . 1.2 x 107
cuco, : sonneeses L% 107 T J— ST 1 x 1070
2o JT—————— 1 5 [ CaSO, . 2H,0......... SR oy 24 % 107
MgCO, o 1%10% Hg,S0, . x 107
MnCO, 9 10! PbSO, ...... 2x 10!
PbCO, Crx®? o L1170 A X S [\
SFCO; cevrsrrsressassensarsasens -1 x 10° :

Chromates : B
Ag,CrO, R 10'::
BaCrO, 2 %10
PbCro:. 2 x40
L1, o sssssraensasernas 3.6 x10°

Hydroxides : ) o o -
AI(OH), - .1 x 0% ‘MnS (flesh colared)......cervecnnes R——
Ca(OH), 8 x 10° NiS voreens 107!
Cr(OH), vedvennesirenne 1 L JO—— veonseriem s rtsnanes 10
CUOH), cevnnvrrrasnssrssrrssssssssanersasenses 6 x 10® SnS 10
Fe(OH), 1 x 10 217 ) I ——— 104

CM 117 (L) 1221,
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Compound o ' " Dissaciation resction

‘ K T pK
AMMINE (AMMONIA} COMPLEX IONS _ o -
Tatraamminecadmium(it) ) Cd{NH,)** = Cd"™ + 4NH, 2x 10" 67
Tolnlmm]nnoppcr(ll) ' Cu(NH,).'f = Cu' + 4NH, 8x 10" 121
' Diamminesilver(l) o : AQ(NH)y* = Ag* + 2NH, ax10 72
Tetraamminaezing(il) T Zn(NHy)2* = Zat* + 4NH, 1% 10™¢ 9.0
HYDROXIDE COMPLEX I_ONS-AMPHO‘Y_’ERIC HYDROXIDES . i
Tetrahydroxasiuminate ‘ « ; A)OH),~ = A(OH), (3) + OH~ 3x 10 15 3 :
Tetrahydroxachromate(lil) . Cr(OH);~ = Cr{OH),{3) + OH~ 25 . =040 :
Trihydroxoplumbate(il) ian PDB(OH);~ = Pb{OH), (2) + OH~ 2% 10r T =13 i
Trihydroxostannate(i}) Sn(OH),~ = Sn{OH),(s) + OH" 26 . . =041
Tetrahydroxozincate Zn{OH),*™ = Zn(OH), (3) + 20H" T4 10'_ -1.8 <o
: CHLORIOE COMPLEX IGNS AND WEAK SAL ‘ ' » I
' ' Dichiorocadmium o © CdCiy{aq) = Cd™ + 2CI- 25x 10" . 260 i
B ~1 Tetrachlorosurate{lll) jon . AUCl~ = Aud* + 4CI- o s§x10m® 213
: Trichloroiron(lil) FeCl, (lg) = Feg* + ICI- 8x107 - 19
Dichloroiron(lin) ion - FeCl,*(aq) = Fer* + 2CI- . 8= - - 289 CF
Chlorairon(lll) lon ) . FeCIt = Fe** + CI- 3.5 x 107! N 1.468 .
Marcury(ll) chlaride , HgCly (ag) = HgCl* + CI~ Ki: 3.3% 107 - 648 !
Chloromarcury(ll) lon HgCl* = Hg** + CI* Ky 1.8 % 107 . 874 3
Tetrachicromercurate(ll) : - “HgCl™ = Hg¥* + 4Ci~ e, 1507 i
Tin(il) chioride : : §nCl, (ag) = Sn** + 2CI~ 5.7% 107 224 by
Tetrachiorostannete(ll) ion ’ ’ ) SnCl A = 5n¥* + 40 33x 107 148 ;
Hexachlorostsnnate(iV} lon 8SnCl* = Sn** + 8CI~ 710 4
Dichiorcergentate(l) ion . ) AQCly~ = Ag* + 2CI~ §x 10 53" :
. OTHER COMPLEX 1ONS AND WEAK SALTS , . L
i Tetracyanocsdmate()) lon ‘ i ' Cd{CN)*~ = Cd'™ + 4CN- 8 x 10— 1714
; Thiocyanatoiron{lll) ion . FeSCN'* = Fe?* + SCN" - 1%107 3.0
: Lead(ll) acetate . e . PB(CH,04); (8G) = Pb** + 2C,H,0,° 1% 10°¢ © 40
Triacatatoplumbate{ll) ion : PB(CyH,0,)y" = PbI* + 3C,H, 0, 2.5 x 107" 6.60
Dicyanoargentate(l) ion - AQ(CN),~ = Ag” + 2CN* 1x10-® 200
4 x 107 134

Dithiosulfatoargentate(l) ion ‘ AQ(S:03)y*" = Ag” + 25,0,"

222
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Color change

Trinitrobenzene

Name of indicator pH interval Solvent
Methyl violet 0.2-30 Yellow, blue, violet Water
Thylmol blue 12-28 Red to yellow Water { + NaOH )
Orange IV ( tropealin } 13:30. " Red to yellow Water
" Benzopurpurin 4B 12-40 . Violet to red 20% alcohol
Methyl orange 31-44  Red to orange toyelow  © Water
Bromophenol bhue 30-48 Yallaw to blue viclet Watér { + NaOH )
Congo red 30-50 Blue to red 70 % alcohol
Bromocresol green 38-64 Yellow to blue Water { + NaOH }
Methyl red 44-62 ‘Red o yellow Water { + NaOH )
 Chlorphenol red 48-88 "~ Yollow to red - Water { + NaOH |
Bromceresol purple 52-88 "~ Yellow to purple Water [ + NaOH )
| Litmus 45-83 Red to blue  Water
Bromothyimol blue 80-76 Yellow to biue Water | + NaOH )
Phenol red 68-8.2 Yellow to red Water { + NaOH )
Thymol blue 80-96  Yellow to blue Water ( + NaOH )
Phenolphthalein 83-100 " Colorless to red 70% alcohol
Thymolphthelein 9.3-105 Yellow to blue 70% alcohol
 Alizarin ysliow R 100-120 Yellow to red 20% aicohol
Indigo carmine 114130 Blus to yellow 50% slcohol
120-14.0 Colorless to orange 70% slcohol

CM 117 (L)
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Mewric Sysiom PR " Enplish Gysem
Tgamty) = Ik kg o ‘ I‘{pfiﬂhddb) = 45349¢g
| miligram(mg) = 1x4077g > T 07 Louncetor) = 28.3%g

- 1%k . 1qshortiron = S7.18 kg
) metricton = 1x10° kg T lkg e 22061
1 aititnic mas unit (sme) fw 1 AOUOX W k= 1,606 10°™ g

uﬂnmdﬂmﬁmlﬂuwdwdiums«" '

Meirie Rystem " English System
“ Llrerll) = 1.X10"%m" SRR - 1US. quactigr) = 9.4635%107* m’
= 1dm’ R .k D94GISL
= 1%10° em® { cublc foorfr*) = 28357 x 107 m*
 boillilitergmly. = Ix107%m* ! cubte Inch(in:"y ‘=" 16,387 em”
‘= tem® N o .l = L0SET g

i _ ‘!lﬂﬂlﬂpiﬂ]ﬂfﬂlﬂ#UNiﬂ‘?Ullié

Tdyne(dyn) = IX00°SN I newton (N} = 1 x10%dyn.

ne newton (N} is the force that imparts an acecleration of one meter per-seeond per second to-a-man-
of onk kilogram, : ST S v e
' One dyne (dyn) is the force that {mpurts am acceleration af pne centimeter per.second per sevand ta o

mass of one gram. .

uvlnma{dmihnlﬂuundwnnﬁm

| atmosphere (atm) = TE0 mm. Hp. = 101328 10" Pa = 14.696 lb/n.*
Lbar = IxI0*Pa  foer = Ieim Hg:  11b/in" = 68955 10° Pa
1 dyne per squace cenlimetere (dyn/cm®) = 13107 Pa
Definition L ‘
! Pressurs is force per unit area. One pascal (Pa) is ¢the pressurc éxcrted. when 8 farce of .vne agwion s
applicd.per square meter. ) o ) '
' ' 1Pa = | N/m®

T
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- ||v|mmfa‘mﬁml§uumhmﬁ3uu

i thmchunicnl cﬁlom tul) = 4,184) (cm:ln
terg = 1077 I )= leo'm :

1 ier stmosphets (L - atm) = lt’l 325 ¥ = 24217 cll '
1 cloetron vole (V) = 1.602x 107" J = 160225 w"' e
} eV/particle is equivalent 1o 96.485 X3/mok o 23,06 ealrmol
) milllon-electeon volis (McV) = 1 6021!9)( " K
Deflnitions o : : L .
One joule of encrgy is expended whm 8 force of one newfon in appled through a distance of one
meter. . ~ , :
o 1= IN-m

" Ona-calatie way ungimlty defined ax the umoum of heat, uquired 1o ealze lhe t:mmuuu ‘i one gram
of water from 14.5 1o 15.5°C. The |hermhminl cnturie s very close 10, but not exacrly the same ax, Lhe. orlginal'
calare. o

eMnzw o 228



MmN ~:11)l;4fiwbh%ﬁﬁffwﬁdﬂﬁasbtéﬁi'inﬂuaé“f g

Yoo

Minjor l’nrml &dsupi'ﬁlm of Pﬂ'fllnmle losa

1-

- Azide, NJ

" Benzonte, C.H, O
' Bromate, BrO“
Chiocate, €10
Farmate, CHOJ

B Mmplwmhm. PO,
“Nitrite, NO,
Periodate, 10,

I’cmx)home, BO
'ﬂdocyanaw. SUNT
" Vaonndate, Vo,

" Chromat#, Cro:' v
~ Dichromate, Cr,0] -

_- Molyhdute, MaO:‘ T :
meid:.ﬁ' e
Peroxydisullae, 5, o

' Sulfte, SOF -
~ ~Tellurm,,1gof“ e

: Hymphasphh:‘ PRC .‘

| Pcmangﬁnaie. MnO, -

© Tungemte WOLT :

. Amllll!. ADO:' ' - Heugyjno[mﬂte,(l'j_: ‘
Ull.m!. c; H 0"‘ - FI(CN):"\ ) L .
H'-'K“Ylﬂofcrmt (III). S Pyrupﬁdiplga;e;~fP;(1:f'f‘ N
[ (CN)' " - SR T

Hexachlnropluunm (IV),
B oo :

Tetrahorate, BOY
Thiosuliae, S,07° '
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