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Energy levels in an H-like atom

2 2 2
v :e(Zez c_1 . Ze8 _ Ze
r  Adoer 2 Are ¥

m
8re I

=




H . nn
. Atomic radil ’
F Ne

9

70 66 64 69

152 113 88 ¥l

117 110 104 99 97

186

122 122 121 117 114 110

227 197

141 143 133 130

247 215 163 140



GROUP
1A

1 1.0:}?9

20.268
028 H
0.0899°*

is'
Hydrogen A

T§- 69&14 9.01218

2

1615 2745
S L Be
1.85

15'2s' 15%2¢?
Lithium Beryllium

1 122.989?? 12 24,305

1

1156 N 1363
371.0 a 922 M
0.97 .74 g
|Nej3s' INe|3s?
Sodium Mag:esslum "IA |VA VA V|A




=0 =1 =2
4s 4n 4d
3s 3p | 3d
2S 2p

15?

1s



1=0 =1 =2
4s 4n 4d
3s 3p | 3d
25 2p

1s




Aluminum

le!lSsip’

VB

ViB

ViiB

14.0067
" 13542
63.14

1.251°¢ N

1s22s%p?
Nitrogen

7

77.35

[Ne|3s?p’
Phosphorus

8 15.93941 9 13.993103

90.18
50.35

1.420* 0
1s2s?pt
Oxygen

+E4E

SI

[Ne|3s%p*
Sulfur

717.75
388.36

2.07

B84.95
53.48

1.696° F
1s%2s2p®
Fluorine

3.17° CI

[Ne|3s?p®
Chlorine

VIl

2  4.00260

= He

0.95
Helium

(el 76 mmj

l0.1787

—'m 20.179

27.096
24.553

s N e
15?252;}5
Neon

18 39.948

87.30
83.81

1.784*

|Ne|35=p5
Argon




GROUP

1 toom 2 400260
20,268 : 4215
14.025 H N H e
PERIODIC TABLE
1s' 18
Hydrogen "A "IB IVB VB VIB VHB Helium
6 941 9.01218 10.81 12.011 14.0067 15.9994]¢J 18.998403 20.179
3 4 2 5 3 6 =42 7 +354,2 8 -2 9 -1 1 0
1615 2745 4275 4470* 7735 50.18 84.95 27,096
4537 LI 1560 Be 2300 B 4100% 63.14 5035 0 53.48 F 24.553 Ne
185 234 262 1.251¢ 1.429° 1.696* 0.901*
18°2s 152287 18'2s°p' 1s%2s%p? 1s22s?p® 1s225%pt 1522s%pS 152257t
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
22 98977 24.305 26. 98154 28. 0855 30.97376 32.06 35.453 39.948
11 12 2 13 14 15 =354 16 246 17 11,3‘5,718
1156 1363 3540 550 717.75 239.1 87.30
371.0 Na 922 M mzs AI 1685 S'aﬂan Paaa:le 172.16 CI 8381 Ar
097 1.74 2.70 2.33 1.82 2.07 3.17° 1.784*
|Nej3s' |Ne|3s? [NeJ3s’p' [NeJ3s?p? [NeJ3s?p? |Ne|3sip* [Ne|3s?p® |Ne|3spt
Sodium Magnesium 1A IVA VA VIA VIIA I_VI"A_I IB 8 Aluminum i Phosphorus Sulfur Chlorine Argon
39.0983 40.08 44, 9559 47 90 50.9415 51.996 54,9380 55.847 58.9332 58 70 63 548 65 38 69.72 72_59 74.9216 78.96 79.904 83.80
19000120 =121 o122 0123 %2124 <5125 00|26 227127 #2128 029 3130 BT 732 2[33u:34 1135 nx:/36
1032 1757 3104 3682 2945 233! 3135 3201 3187 2636 2478 876101 958 33225 119.80
336,35 K 112 a 1812 sc TI 2175 V 2130 r 1517 Mn 1809 Fe 1768 0 1726 NI 1357.6 u 69273 Zn 302.90 Ga YA Ge wwmAs 494 e 265.90 Br 115.78 Kr
0.86 1.55 450 58 7.19 743 7.86 8.90 714 591 5.32 5.72 4.80 342 3.74*
[Ar] 45 |Arlas? [Ar]3d'4s" [Ar]3d24s? [Arj3d4s? [Ar]3c*4s [Ar13dt4s? [Arj3d®4s? [Ar]3d"4s? [Ar]3d84s? [Ar]3d'%4s’ [Ar3d'04s? [Ar]3d 4s?p’ |Ar}3d'%4g2p? [Ar]3d'%4s?p? |Ar|3d'o4s7p* | Ar}3d04s2p* [Ar]3d'0as?p®
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
85, 4678 87.62 88.9059 91 22 92! 9064 95.94 (98) 101.07 102.9055 106.4 107.868 112.41 114,82 118.69 121.75 127.60 126. 90115 131.30
37 38 72|39 ss014() 41 42 =43 0144 o1rifBiecessi4G w447 sl 124149 w50 owl§] s[5 rrsol§Frasses54
1650 3611 5017 4912 4538 23 3970 3237 2436 1040 2346 2876 1860 1261 458.4 165.03
msa Rb 1041 sr 1799 Y 2125 Zr 2740 Nb 2850 0 2473 T@ 2523 Ru 2236 Rh 1825 P 1234 594.18 Cd 420.76 In 505.06 n h 722,65 Te 386.7 I 16136 Xe
1.53 26 45 6.49 102 115 122 124 120 105 8.65 7.31 7.30 6.24 492 589
[Kr]5s 1Kr]5s? [Krjad'ss? [Kr}4d’5s’ [Krd4d6s' [Krj4d°5s [Krj4d®5s? [Kr] 4d'5s' [Krj4dt5s' [Krj4d™® [Kr)4d5s [Krj4d'05s? [Krlad"5s%p' |Krm<°5s¢pf [Ker“’Ss’p’ [Krjdd'05g2p* |Krj4d'°5s2ps |Krj4d'98s?p®
Rubndmm Strontium Yitrium Zirconium Niobium Molybdenum Technetium | Ruthenium Rhodium Palladium Silver Cadmium Indium Antimony Tellurium lodine Xenon
R il b
132, 9054 137.33 138.9055 178.49 180.9479 183, B5 186.207 190.2 192.22 195 09 196. 9665 200.59 204 37 207 2 208. 9804 (209) (210) (222)
55 56 57 3 72 3 5 74 65432 5 7,642, 176 23468 77 2346 78 79 80 2,1 81 82 83 84 42 85 1357 86
944 2171 3730 * ‘ars 5731 5969 4701 4100 3130 630 1746 2023 1837 1235 610 211
301,55 s 1002 Ba 1193 H' 3287 Ta 3680 Re aaoo s 2716 Ir 2045 Pt 133759Au 234.28 H 577 ' 6006 Pb 544.52 BI 527 575 At Rn
1.87 67 134 166 19.3 21.0 224 225 214 193 13.53 11.85 114 04 9.91*
[Xe]6s' |Xe)6s? [Xe]5d'6s° [XeJ4r5d26s2 [Xe)4'450%6s? [Xe 1 5ass? [Xeldf1 455652 [Xe}4f5d%6s2 [Xeldnsd76s? [Xe]d1“6d*Bs' | [Xe] 4F'“5d'6s' | [Xe)4l'*5d'%6s? | [Xel4f5d6s?p' | [Xeld{'45d'%6s2p? | [Xedr'45d'06s%p® IXEIM“Sd“’GS‘D‘ [Xe|41145d'%65%® | |Xedf'45q'%Bs?p®
Cesium Barium Lanthanum Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon

87 (223

8 8226.0254

8922?.0278

104 (281)

105

106 =

950 1809 3473 nn:
300 Fr 973 Ra 1323 A [M | mfﬂ Hﬂmuﬂ
10.07 U Y
[Rn]7s [Rn|7s? [Rn)6d'7s’ [Rnl5i“8¢27s2 1 | [An)5M6d"7s? T | [Rn)516d'7s't
Francium Radium Actinium (Unnilquadium) | (Unnilpentium) | (Unnilhexium)
*
ATOMIC 140 12 140 9077 144.24 (145) 150 4 151 96 157.25 158. 9254 162.50 164, 9304 167 26 168.9342 173 04 174 96/
58 B9 =760 61 [62 63 ©»64 ~=65==66 = 67268 #[69 w70 w71
13785 3785 2064 |H'IO 3539 2835 3136 2220 1467
/ um e 1204 Pr 1289 Nd 1204 IPH]] 1345 sm Eu 1585 Gd Tb1saz 1743 Ho 1796 Er 1818 Tm 1097 Yb Lu
BOILING / OXIDATION 6.78 6.475 7.89 8.27 8.54 8.60 9.05 9.33 9.84
POINT, K KEY STATES [Xe}41'5d'8s* [Xe)dPgs? [Xe)dres? [Xeldf6s? [Xel4fe6s? [Xel4f6s? [Xe}4f5d'6s? [Xe|dP6s? [Xe}4i'o6s? [Xe}d116s? [Xe}ar26s2 [Xejaf' 362 [Xe 41465 [Xe] 4f'*5d'6s’
(Bold most stable) Cerium Praseodymium{ Neodymium | Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium
meLring \[3(0 6538 * X 90232‘0331 Q1 2310356 (Q D 238.020[QF237.0462 94 24 [QF  (243) 96 ) 97 @ (Q8 @[99 w52 100 @n 1071 (102 259 103 @0
POINT, K. 24 54 6543 6543 6,543 6543 43 3 - — = = -
"N 1180 /SYMBOL(H s 4407 — i = = _ [
A | = The Paz Uk [bE Pof® [mpe @Mﬂ e G Esp Fmp UWF Mef L
7.14 17 15.4 18,90 204 198 136 13.511 . = L b x
|Ar|3d"%4s? [Rnj6d?7s? [Rn)5R6d7s? [Rn]56d'7s? [Rn}5t6d'7s? [Rn]5r7s? [Rn)5f77s? [Rn]5f76d'7s? [Rnl5P7s? [Rn]5f'07s? [Rn]5f"'7s? [Rnjsf27s? [Rn]sf*?7s? [Anj5t'*7s? [Rn}st"6d 75
Zinc Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium | Einsteinium Fermium Mendelevium | Nobelium Lawrencium
DENSITY at 300K (3) ELECTRON

(g/cm?)

CONFIGURATION




=0 =1 =2

4s 4n 4d

3s 3p | 3d
2

25 2p

1s

1s22s!



=0 =1 =2
4s 4n 4d
3s 3p | 3d
A*
23'4v 2p
N

1s

152252



=0 =1 =2
4s 4n 4d
3s 3p | 3d
N (8
23'4v 2p
N

1s

1s22s22p1



Is this the
best
possibility ?







1=0 =1 |=2

4s 4n 4d

3s 3p | 3d
N |ttt

25 2p

N

1s

1s22s2%2p3



=0 =1 |=2

4s 4n 4d

3s 3p | 3d
N fitt

25 2p

N

1s

1s22s22p*



Now you know

ViiB

Vil
2 .00260)

4215
He
{ad 76 mm) |

787
HE'II.II"I"I

15.9994 9 18. 993403

-2
B84.95
53,48 F
1.696*

1522s2pS
Fluorine

2.34

18°2sp’ 132252p? 1s?2s%p?
Boron Carbon Nitrogen

; 30.97376 32.06 35.453
4 15 +354 16 +2.4.6 17 +1357
= Al SiF- PR §F
25 I 317.30 388.36 1?213 CI
; 1.82 2.07 3.17°
[Na]ﬂs* [Nel3s?p? [NeJ3s?p? (Ne|3s%p* [NeJ3s?p*
Aluminum Phosphorus Sulfur Chlorine

1 0 20.179
27.096
24.553
s Ne

1s?2siph
Neon

13 39.948

87.30
83.81

1.784*

|Ne Iaszp‘
Argon




=0 =1 =2

4s 4n 4d

3s 3p | 3d
(L

25 2p

N

1s

1522522p°



=0 =1 =2

4s 4n 4d

3s 3p | 3d
N NNN

25 2p

N

1s

1522522p°



GROUP

1 toom 2 400260
20,268 : 4215
14.025 H N H e
PERIODIC TABLE
1s' 18
Hydrogen "A "IB IVB VB VIB VHB Helium
6 941 9.01218 10.81 12.011 14.0067 15.9994]¢J 18.998403 20.179
3 4 2 5 3 6 =42 7 +354,2 8 -2 9 -1 1 0
1615 2745 4275 4470* 7735 50.18 84.95 27,096
4537 LI 1560 Be 2300 B 4100% 63.14 5035 0 53.48 F 24.553 Ne
185 234 262 1.251¢ 1.429° 1.696* 0.901*
18°2s 152287 18'2s°p' 1s%2s%p? 1s22s?p® 1s225%pt 1522s%pS 152257t
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
22 98977 24.305 26. 98154 28. 0855 30.97376 32.06 35.453 39.948
11 12 2 13 14 15 =354 16 246 17 11,3‘5,718
1156 1363 3540 550 717.75 239.1 87.30
371.0 Na 922 M mzs AI 1685 S'aﬂan Paaa:le 172.16 CI 8381 Ar
097 1.74 2.70 2.33 1.82 2.07 3.17° 1.784*
|Nej3s' |Ne|3s? [NeJ3s’p' [NeJ3s?p? [NeJ3s?p? |Ne|3sip* [Ne|3s?p® |Ne|3spt
Sodium Magnesium 1A IVA VA VIA VIIA I_VI"A_I IB 8 Aluminum i Phosphorus Sulfur Chlorine Argon
39.0983 40.08 44, 9559 47 90 50.9415 51.996 54,9380 55.847 58.9332 58 70 63 548 65 38 69.72 72_59 74.9216 78.96 79.904 83.80
19000120 =121 o122 0123 %2124 <5125 00|26 227127 #2128 029 3130 BT 732 2[33u:34 1135 nx:/36
1032 1757 3104 3682 2945 233! 3135 3201 3187 2636 2478 876101 958 33225 119.80
336,35 K 112 a 1812 sc TI 2175 V 2130 r 1517 Mn 1809 Fe 1768 0 1726 NI 1357.6 u 69273 Zn 302.90 Ga YA Ge wwmAs 494 e 265.90 Br 115.78 Kr
0.86 1.55 450 58 7.19 743 7.86 8.90 714 591 5.32 5.72 4.80 342 3.74*
[Ar] 45 |Arlas? [Ar]3d'4s" [Ar]3d24s? [Arj3d4s? [Ar]3c*4s [Ar13dt4s? [Arj3d®4s? [Ar]3d"4s? [Ar]3d84s? [Ar]3d'%4s’ [Ar3d'04s? [Ar]3d 4s?p’ |Ar}3d'%4g2p? [Ar]3d'%4s?p? |Ar|3d'o4s7p* | Ar}3d04s2p* [Ar]3d'0as?p®
Potassium Calcium Scandium Titanium Vanadium Chromium Manganese Iron Cobalt Nickel Copper Zinc Gallium Germanium Arsenic Selenium Bromine Krypton
85, 4678 87.62 88.9059 91 22 92! 9064 95.94 (98) 101.07 102.9055 106.4 107.868 112.41 114,82 118.69 121.75 127.60 126. 90115 131.30
37 38 72|39 ss014() 41 42 =43 0144 o1rifBiecessi4G w447 sl 124149 w50 owl§] s[5 rrsol§Frasses54
1650 3611 5017 4912 4538 23 3970 3237 2436 1040 2346 2876 1860 1261 458.4 165.03
msa Rb 1041 sr 1799 Y 2125 Zr 2740 Nb 2850 0 2473 T@ 2523 Ru 2236 Rh 1825 P 1234 594.18 Cd 420.76 In 505.06 n h 722,65 Te 386.7 I 16136 Xe
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