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ELECTROMEGATIVITY VALUES OF SOME COMMON ELEMENTS
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Surface area and
van der Waals forces
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Summary of Types of Intermolecular Forces

Type of force Relative strength Exhibited by Example
van der Waals weak all mokecules CHyGH,CHCHLCH,
CHsCH:CH:CHO
CH;CGH,CH CHOH
dipole—dipale mderate malacules with a nat CHyCHCHCHO
dipole CHCH,CHCHOH
hydrogen bonding  strong maolecules with an O—H.,  CHyGH,CH CH.OH
N-H, or H—F bond - 4
jon—lon very trong lonkc compownds CHaCOO HNa
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Increasing strength of intermolecular forces
Increasing boiling point

compounds with compounds with compounds with
van der Waals forcas dipole—dipole inleractions hydrogen bonding

Increasing strength of intermolecular forces
Ineresasing malling point

AL
CHyCHCH2CHACHy CH4CH,CHLCHO CH4CHLCHLCHLOH
pentana butanal 1-butanaol
bp =36 °C bp =76 °C bp=118°C

Increasing strength of intermolecular forces
Increasing boiling point

CHyCH,CH,CH,CHy,  CHaCH.CHCHO — CHyCH,CHCHOH
pentana butanal 1-butanal
mp ==130°C mp ==86 C mp ==80°C

Increasing strength of intermolecular forces
Increasing melting point
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Thermometear 2. Vapors in contact
with cool glass
condansa to form
pure liquid distillate.

1. The mixture is heated and

the more volatile companent Water-cooled
i vaparized first. condanser
Distilling flask |

Water out
Lt sink

differant boiling points

By periodically changing the recaiver flask, one can collect
compounds having differant boiling points in saparate flasks.
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CHS—(i_‘—CH N 7L\/ >—<
CH,
neopenians 2-methylbutan-2-ol 2 3-dimethylbutane

A0 NN

pentan-1-ol hexane

XSIPENY

neopentane < 2 3-dimethylbutane < hexane < 2-methylbutan-2-0l < pentan-1-ol
10 °C 58 °C 69 °C 102 =C 138°C
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Solubility in organic
Type of compound Solubility in H;O solvents (such as CCly)
= lonic
MaCl soluble insoluble
= Covalent
CH3CHZCHLCH, insoluble (no M or O atomn to soluble
hydrogen bond to HzO)
CH;CHCHOH soluble (< 5 C's and an O atom soluble
for hydrogen bonding to H:O)
CH3{CH)ygOH insoluble (> 5 C's; too large to soluble

be zoluble even though it has an
O atom for hydrogen bonding to HzO)
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CHyCH,™ "CH.CHy CH,CH, ™ \.HGHzEHa
diathyl ether diethylamine
A B
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Unequally divide these electrons.

Heterolysis or l A 4+ oBm
heterolytic cleavage als ar
A= + B
A gets two electrons or B gets two electrons.
Equally divide these electrons.
Homolysis or
homolytic cleavage Alp — A+ B

Each atom gets one electron.

a5 5 ae o 5lS 5 Je i ]

curved electron straight
movement arrow reaction armow
Nu :ﬁ\ (E - Nu—E
lone pair on empty orbital new bond
nucleophile on electrophile formed

H H

4, T @ @
o \ e — p: HY —— p—H

H/o H/c|

hydroxide as water as
nucleophile nucleophile
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R- + ‘R — R—R
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curved electron straight
MOVEMEent arrow reaction armow
WEEIRN (E -~  Nu—E
lone pair on empty orbital new bond
nucleophile on electrophile formed
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formal charge (FC) = [ group number] — [nonbonding electrons | — 5[shared electrons]

£

A
H,0 S pall G il canea)
O sl Aspa (385 Al a3 Y

<l 5y 2aa55 (2) nonbonding electrons dday) ) ) Ay g SV &5 5V aaas (il
(6) shared electrons 4kl )l

.. . two nonbonding electrons |

HEHOMH
LR L

H

b

| three bonds, six bonding electnons |

A Al Jo Juanid A8l L3 Gala (G

FC=6-2-16)=+1
2(6)
ol dld e i
".;*'._I wo nonbonding -_-I-_--.Ir--::*_.:
H.ﬁ;_f.":llH

| three bonds, six bonding electrons
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HiN—BH:

[Burun has four bonds, eight bonding electrons ]

[.\'ilmguu has four bonds, eight bonding electrons J

Nitrogen: FC=5—0—%(8) = +1
Boron: FC=3-0-}8) =-1
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H\ + - as = owwm = I+
C=N=H HyC—0—M=0) C=0:
H g B C
) T "
HyC—N] H—C=N—0) =0
D .= E H F
+ ..
5o H—=0 + H
0% g SLO-._ IN—OF
. =T . s
G H—=Q ™ H ; H
HyC—S—E—CHs HyC—C=N:
3 K

G Jsaall (e JE ) oall yualic L aa g A Y aaY il

Atom Valence Positively Neutral Negatively
Electrons Charged Charged
B 3 —B— — =
| |
+ | =
C - — == — (,i' = — O
| |
N 5 —rlz*— —f— —N=—
0 6 —0t —0— —0rf
|
halogens 7 —C1= —Cl: tCIT
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water as empty W
nucleophile p orbital a bond

Ll e 05 Ay U JSEN 55 S 5 30 C-Cl adal ) of «CH;CI Glinall 58 Ui g il
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chloromethane chloromethane
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Bond Dipole Moments (Debye) for Some Common
Covalent Bonds

Bond

Dipole Moment, y
022D
DE6 D
151D
1.56 D
148D
1.29 D

Bond

Dipole Moment, y

03D
1.31 D
1.53D
24D
iaD

gl 2 s Gkl 1 31l e Gl sl e sl Sas

Polarity Patterns in Some Common Functional Groups

Functional Functional
Compotind group Compound group
type structure type structure
\f— &5 \I:_ 5—
Alcohol —fE —0OH Carbonyl C=0
\-.l:— |:||5_
Alkyl halide —_—— e
i Carboxylic acid —
Y F—
5+ 5 OH
Amineg —‘f_l:—NHz -
0
- - F+ 4
Bt 5 _H_;.: Carboxylic acid _C'\.,&—
Ether —_— = — chloride 1
/N i
B B . ,-‘D
5=
e

Mitrile
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all C—C bond

lengths 1.397 A
rESOnance rﬂ.'EJfL‘."-L‘[l[ul.“J]] by

combined representation

i eg oall e (SaY) G sl Ba (e ST GLaY) Gany 8 elliad o iy jall (S
domall o (g il ana 54 e jall Beall JSA 5 Al

Ot ansy (Sl 1) 1 cpidall 4y ki ¢ 083 ) o) 5 5 iy Jaldl (e g sl 138 A ja ol a8
Ui o Lai) 5 Lagia Ll (381 50 Y cli g S adll & 55l by ) o 3ad ST ol (il e
TS NMIE R ISR E RACUPRN DI REIK PN EFCS ERS R )
(5 yad A ) | o Adablaal) ae (agen) aladinly ) A g SSN) 719 ) ol sl Jal g )

Allylic Allylic Lona pair adjacant a Conjugalte ar
lane pair posilive charge lo positive charge 1 rclosed i i
52
| 4
o, - o L, o -,
= [ a8 = 0.0 ™ i 2
- e
Two curved amows | One curved armow | One curved armow One curved armow Thraa curved arrows

() I A agaall aladinly digilal) fall e Jiiad 24

H a 'S H N,
o W _ - +
C=N=N, +«— I —N=N:
o e
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N (LS N, &S NE o E S
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resonance forms of a resonance hybrid combined
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T -
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H—C—C — H—C—C
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— 7 — — s ™ = B N
oL o Nort
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resonance forms combined representation
ek

B

Allylic pasitive charge
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H,S0, + HO0 —=— HO + HSO;

sulfuric acid hydronium ion

Oo 58 Al Jillaal) A A 2 ilaS 3 ga Ll e i A il Gd g e 8l cidTye
Lt (OH) 2S5 ugll bl 58 i

MNaOH g MNa* + ~OH
Al Julladl i

K, = [HO*]["OH] = 100x10-"* M? (at25°C)

Alslaiadl Jlaall Ja) e

[H;0*] = [OH] = 1.00 % 107 M in aneutral solution

el o) dpaals Jdlaall jaad o snis ) ) b 308 5 aua g
acidic:  [H,O] = 107" M and [OH] < 10-T M

basic:  [H,0*] < 1007 M and [~OH] > 107 M

& PH 300l W Sasns sdud gand) a3 ol (A suigd) oalll) G gugd) )54 Jada
I A gan An 50 ) adn g L Jslae 8 Cpn gouel) ol DS il (gl oy e 5 Al
dia gan A 50 13 il gad) yiad Yalaa of Gacld ol Guzaes JiLall GIK13) Lo aay 5 Jsladll
Ll ac) @ ol 4y sls Jllas 7 (e e A ganll da o cld J) sud) yiind 5 (alaad 7 (e J
Alalaie jiiad g8 7 duia gaall 4 o

pH = —JL]g|U|H_a{.}1|

<Olelds 84,k o (Bronsted—Lowry acid—base theory) (s =i gy 4 ks
(o oaladY) 5 5 g 50 (Y S8 (el gy (S peiall Cppallall (e U8 e ) ) 68 s (i gl
oaes Jelii ie aff sa 4 il 03gd L) 4 sedall 1923 ale 3aa e 55 isle Lula s
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A-H+B: = A: +B-H"

H.50 + 1,0 == HSO, + H
acid conjugsate
ha
H.O + L — ~OH + H
I (SRR
b
0 O
— ). w :
H—C—O0OH + = = H—i—0 + CH—0—H
...... MU
b

GVl Gaany o (Sah Je il (Y Alaladl b (peSlaial) Gaagdl) () 5Y) Aadle Caardd
Al sall ) gl il Jg5 28 gl ol i) 1) s 8 A lail) af gl () sl ¢Sl 5 e

OV B saelall (Sahy A Al A8l e Sacld (S0 Ui g 286 o HA aeall (S Alelaidl)
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o) Lany ae (Sl 0 33 Alla 8 Bale Jelaill b Alaall o) gall ¢ 5S3  lly

K
HA + H,0 Fra— H.0* + A-
acid base

| S cofjugate acid-base pair 41.

K = [H,0%][A7]
: [HA]

pK, = —log,, K,
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Relative Strength of Some Common Organic and Inorganic Acids and Their Conjugate Bases

Acid Conjugate Base K, pk,
stronger HCI + H,0 o H,0* + cr- weaker 1 % 107 =7
swrong hydrochloric acid chloride ion l“'_"“"
acids
HO™ + H,0 r— H, 0" + H.O 556 =1.7
hydronium ion water
HF + H,0 prom— H,O0* + F- 6.8 X 102 317
hydrofluoric acid fluoride ion
I I
H—C—0OH + H,0 fram— H,O0* + H—C—0 1.7% 102 376
formic acid formate ion
i ||
CH,—C—0H + H,0 fram— H,0* + CH,—C—0- 1.8 X 10-2 474
acetic acid acetate ion
weak _
acids H—C=N: + H,0 _ H,O0Y + =M1 6.0 10" 922
hydrocyanic acid cyanide 1on
*NH, + H,0 p—— H,O* + tNH, S8 107" 924
ammonium ion ammonia
H,0 + H,0 — H,O0* + HO- 1.8 X 101 15.7
water hydroxide ion
CH,CH,—OH + H,0 e H,O0* + CH.CH, 0™ 1.3 X 101 159
ethyl alcohol ethoxide ion
Very NH, + H,0 o H, 0+ + - :l;:CHz 10-3 33
weak ammonia amide ion
not CH, + H,0 _ H,O0* + —:1CH, = 10— =40
acidic methane methyl anion
L SIrOnget
weaker bases

(o LoDl lgeia (aaal) IS il S LalKh ddeia o (raeall 38 e (PK,) <ol
2408 elall I (meal Ll clan Cimaia (mes 568 Ui 40 (e S 4l Glisal) G Jgaal
S8 paen b Mg (-7) el

o saal) 5 8 B8 sl Jalsal

Jelail) Gy (TH) Cunosovel) il any oS e 4l e el Midi g (i jad ) 2wl
A4l

A-H = H + A:
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A LS all dpaals (s g (gu il

H—CH, H—NH, H—OH H—F

G381 all Gl e Jeanid (caeall 25 5 Gy pad Casa @l 5 LS all 0 HY £ 50 058
A

A-H = H + A:

&b ) Anmda ST Sl o (sl el s 0315 1580 Aol 3l LS
(H deladl) Jau
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-CH, -NH, -OH -F

Jabad) 13) (55 a0l Jpanl (pa y pall 8 53 g o Al Al ALaLaT) 30 ) anSls
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(s J sl ey bl (e JEEYL ) gall (i (A pealinll daabis oS0 313 35 ) ) 5a3Y)

C N < 0 F

| electronegativity increases >

) i il (38 5 LS jal Apman) s sal) A 3 s

H—CH, == H—NH, < H—O0OH <= H—F

Acidity | acidity increases ’

53 ann a il Jalalld (g gl Jgtall ¢y 3 galad) pud b Aiatl Alalal) 3 [T
2L sl ALala))

AN LS jall Apaala ol g e il
H—F H—Cl H—Br H—1

81 pall el e Jeanid aaall i g 5 iy e o @l g LS pall (0 HY £ 53 a0
A

Jalall 13] (5550l Jsanl (g 3 saladl (a3 53 g o Allial) Ainll ALalall el {31 ) Sl
333 ) OV il o) ) Laasll Alaladl ol HAN ana ol ) LalKs anad) g Lgii jlie die il
(Y ) e e JEBYL ) gall (udi & jealiall aaal)
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I siZe INCIEases

1S all A g (8 U

Acidiiy H—F = H—Cl < H—Br <

| mw-

PK, 4 saall i 46 jliay ol oy g AN (aes 5 J 3N dpaala o )Ll sepihall2

CH,CH,—OH pKk,= 159
ethanol (weak acid)

a

C[I_‘—l!'—D[I pK,= 474
acetic acid {moderate acid)
AL ALY ol ghadll ai @l Jlail g J Y1 (e dpaala ST A Gaea

81 al) Qe e Jeanid aaall i g 5 iy e cana @l g LS jall (e HY £ 53 a5
A

CH,CH,— 0+ CH,—C—0+
ethoxide ion acetate on
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CH,CH,—O

ethoxide ion

..""l_‘.l‘. :'T;r_
CH,—C—0i < CH,—C=0

acetabe on
Jsi Leia Jef Jall aeal dicadall g

CH,CH,—OH pK,= 159
ethanol

o

(weak acid)

|
CH,—C—OH pK,= 474

a

acetic acid {moderate acid)

SN e sf) Gl 5558 I ae JAN) (aes dpaala o)l sdadlall g dalad) je 31-3
Ao ganal A (g yuel) 3 Jlagind &8 s JAN Gaea G jalas s (Glinwl) 55K
PK, 4 saall b 45 jliay oy 5 5ISH <l 53y Jiaall

O

~ gy a-T
cl

Acetic acid Trichloroacetic acid

pk, = 4.75 pk, =0.70

ALY 8 &l shaal) as @l Jaledl g JA (aes (e Apcaala ef @linlY) 68 DG (ea
ALl

37



81 all el e Jeanid raaall i g 5 iy e cana @l g LS pall (e HY £ 53 a0
A

.b’.

JT Il
A ge Cl_-
o AN

Ccl Cl
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Dkl (i s « CH;CO0™ 05U 4 e bl A all ALalal o5 i b g
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cl cl

More stable

Al Gaead e e @il 55608 30 Gaeal Luadall
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Ccl

More acidic

;b
o 0 o] a
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Al
0O i|_"l iIJ Cl O Cl O
CH,CH,CH,—C —0OH CH.CH,CH.—C—0OH CHCHCH,—C —0OH CH,CH,CH—C —0OH
butanoic scid 4-chlorobutanoic acid 3-chlorobutanoic acid 2-chlorobutanoic acid
pK,=4.82 pk,=4352 pk,=4.05 WK, = 2.86

Ol A5l Slld oy Gl 5 aliVle QLY Apcaala ol Aauill ALalad) 54 (pags4
PKa M}A;“

CH,CH, CH,=CH, H—C=C—H
glhana athylena acatylensa
pK, =50 pK, = 44 pk, =25

Al 5 LS pall o HY 5 s sl adl i Abal) LS pall Apmdlall Gl sl Jaladl
A 38l Y e Joanid (aeall NS gy Cay pat cua

CH,EH, CH,=CH H—C=C:

Jalall 13) (03280 5 3) YA aran (8 L oo Al Al Alalal) <l 3l (o) JaaS
(0 2352 ) ol 8 Jalal) sl o5 50l) J o) 3 sl (ol L Jia e gl
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CH,CH, CH,=CH H—C=C:

I I I

sp® hybridized © | | sp® hybridized C sp hybridized C
25% s-character 33% s-character 50% s-character

(5 SP? a3 (a5 SP (angd Al 851 5ill (e Al Al ol 0 N1l sl ol 3y Uiy
SP? &
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CHaEH, CH,=CH H—C=C:

[ | I

sp? hybridized © | | sp® hybridized C &p hybridized C
25% s-character 33% s-character 50%: s-character

Increasing percent s-character
Incraasing stability

dpaalall S5 g

ethana athylena acetylena
weakest acid — pi, =50 ph, =44 pk,=25 =-— strongest acid
Increasing acidity

@Cﬂéﬂﬁmﬁé}@i&gjﬁ_m}ﬁewgmmdﬂ\q)aj -Agae &) dualdl
(e e Gigig p i) (55 9 e Jelill e 3 el Ll A <l

A~ + H,0 pr— HA + ~OH
conjugate conjugate
base acid
;Z\ﬁ&m\ C\gu
[HA][TOH]
b= T pKy = =logi Ky
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H.O*|[A] [HA]-OH
kK = RINATTIBAICORL oy ovj-oH) = 1.0 10°¢

[HA] (A7) water ion-product constant

(KK, 1

pK, + pKy = —log 107" = 14

el Jlia (oSle JS Lail A il sk 4 Amalall Jpm Ui 083 3l Jal ) OS5

Ll ,eSU J5Y)
Electronegativity C = N < 0 < F
| electroncgativity increases >
Stability “CH, = -NH, = ~-OH <= -F
Acidity H—CH, < H—NH, < H—OH < H—F
| sy e
Basicity -CH, ~NH, - OH -F

G e |
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CH + H - - H:0 *
'\.G. . Z BD K‘-\-\
Base Acid Conjugate Conjugate
acid base
pK, = 4.75 pKs = 15T
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- Jla

1313 pm

to sl mo g S La sl 4] s
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r— B:tH + A
—_— B—H
it ectr bond formed
H I I 1
| I ]
H—N B—1 — H—N—B—I
| ] .
H I I 1
..... electrophil bond formed
H H
. o )
CH;— 0~ H:(l"_f_."’ I CH;—0—C—H + :(Clv
H H
..... electrophil bond formed
HNY  HLO—C—cH, — H.N—H + :0—C—CH;

bond formed

eophile electrophile

acid

(conjugate acid)
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carbocation radical carbanion

Stability of carbocations

| I | |
R—(|_'+ = R—(l_" = R—(l_‘ = H—(_|+
K H H H
3 == 2 1° =  methyl
. i
pre H;\ r /i— H;
i C k
.
+CH;
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Stability of radicals

E

R—C+ = R—C

E

most stable

L—0—=
I\lln'

i
I—l':}—I
i
———T

least stable

3 = 2» = 1° =  methyl

(15548 31 S (ot S0 51 L

Stability of carbanions
E 14 H H
R—(L' = R—é:' = R—é‘:' = I-l—l‘l_‘='
! h h h
least stable most stable

e < 2e < 1° methyl
Jlie
) Je ) aaly

CH, l'i_’H_,‘ CH,
CH3—C=CH—CH3 + H—Br — CHR—(T'—(_l'H—CHS or CHj_T_ﬂ:H_CHs
Br H H Br
observed not observed

(i 0 951) T ) il JSY) 0 ol e oY) Als jall 8 Juass HBr asa ie ;e

l.]_'Hs CH,
add H* to secondary carbe
CH,—C=—CH—CH, S e s CH,—C—CH—CH,
c ; " ;
\“"“H T—Er H Br~
tertiary carbocation
CH, CH,
| add H" 1o tertiary carbon
CH3—CﬁCH—CH3 - > CHa_(f_CH_CHs
+
¥
H—Br H Br
- secondary carbocation
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The Periodic Table of the Elements (with Electronegativities)

1A 0
Hydrogen N Alkali metals m_mgmsﬁ 393m|¢ _/\_mq.ocq.< Helium
1 Alkaline earth metals . 2
H — mO <— Atomic # He
1.01 > A H Lanthanides A 4 A A A A 400
21 [ Actinides Symbol S _I_ 3 5 6 7
Lithium Beryllium || Other metals @ Boron Carbon Nitrogen Oxygen Fluorine Neon
3 4 || Metalloids (semi-metal) 5 6 7 8 9 10
Li Be | | Nonmetals NOO.m© <+— Avg. Mass B C N (0) F Ne
6.94 9.01 | | Halogens s 10.81 12.01 14.01 16.00 19.00 20.18
1.0 15 || Noble gases Electronegativity —> 1.9 2.0 25 3.0 35 4.0
Sodium Magnesium Aluminum Silicon Phosphorus Sulfur Chlorine Argon
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
22.99 24.31 26.98 28.09 30.97 32.07 35.45 39.95
0.9 12 3B 4B 5B 6B 7B 8 8 8 1B 2B 15 18 2.1 25 3.0
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti Vv Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.10 40.08 44.96 47.88 50.94 52.00 54.94 55.85 58.93 58.69 63.55 65.39 69.72 72.61 74.92 78.96 79.90 83.80
0.8 1.0 1.3 1.5 1.6 1.6 1.5 1.8 1.8 18 1.9 1.6 1.6 1.8 2.0 2.4 2.8 3.0
Rubidium Strontium Yitrium Zirconium Niobium Molybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine Xenon
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te _ Xe
85.47 87.62 88.91 91.22 92.91 95.94 (98) 101.07 | 102.91 106.42 107.87 112.41 | 114.82 | 118.71 121.76 127.60 126.90 131.29
0.8 1.0 1.2 1.4 1.6 1.8 1.9 2.2 2.2 2.2 19 1.7 1.7 18 1.9 21 25 2.6
Cesium Barium Lutetium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
55 56 57-70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba * Lu Hf Ta w Re Os Ir Pt Au Hg T Pb Bi Po At Rn
132.91 137.33 174.97 | 178.49 180.95 183.84 | 186.21 | 190.23 | 192.22 195.08 196.97 200.59 | 204.38 | 207.20 208.98 (209) (210) (222)
0.7 0.9 11 1.3 15 17 1.9 2.2 2.2 2.2 2.4 19 1.8 18 1.9 2.0 2.2 2.4
Francium Radium Lawrencium Rutherfordium Dubnium Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgenium Copernicium Ununtrium Ununquadium Ununpentium Ununhexium Ununseptium Ununoctium
87 88 89-102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118
Fr Ra *x Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut | Uug | Uup | Uuh | Uus | Uuo
(223) (226) (262) | (267) (268) (271) (272) (270) | (276) (281) (280) (285) (284) (289) (288) (293) (294?) | (294)
0.7 0.9
Lanthanum Cerium Praseodymium Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium
57 58 59 60 61 62 63 64 65 66 67 68 69 70
* .
lanthanides | |3 | Cce Pr Nd | Pm | Sm | Eu Gd Tb Dy | Ho Er m Yb
138.91 | 140.12 140.91 144.24 (145) 150.36 | 151.97 157.25 158.93 162.50 164.93 167.26 168.93 173.04
11 11 11 11 11 1.2 11 12 11 12 12 1.2 13 11
Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium
89 90 91 92 93 94 G5! 96 97 98 99 100 101 102
** i
actinides | Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No
(227) | 232.04 | 231.04 | 238.03 | (237) | (244) | (243) (247) (247) (251) (252) (257) (258) (259)
11 1.3 1.5 1.4 1.4 1.3 13 i3 1.8 i3 i3 13 1.3 1.3




