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PERIODIC TABLE

GROUP —>
IA IIA A vA VA VIA VIIA = VIIIA — IB IIB IIIB IVB VB VIB VIIB VIIIB
i
e
Metals § Nonmetals oo
4 9 10
Be F Ne
9.012 18.998 | 20.180
12 17 18
Mg d Transition Elements Cl | Ar
24,305 35.453 | 39.948
20 21 22 23 24 25 26 27 28_ 29 35 36
Ca | Sc Ti Vv Cr| Mn| Fe | Co | Ni Cu Br Kr
40078 | 44.956 | 47.88 | 50.942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.60 | 63.546 79.904/| 83.80
38 39 40 41 42 43 44 45 46 47 a3 54
Sr Y ZIr | Nb | Mo | Tc | Ru| Rh | Pd | Ag | Xe
87.620 | 88.906 | 91.224| 92.906 | 95.940 | (97.507)] 101.07 | 102.906 1[1_6.42 107.87 126.90 | 131.29
56 57 12 73 74 15 76 T 78 79 85 86
Ba | La*| Hf | Ta w Re | Os Ir Pt Au At Rn
137.33 | 138.91 | 178.49] 180.95 | 183.85 | 186.21 | 190.20 | 192.22 | 195.08| 196.97 | 20059 | 204.38 | 207.20 | 208.98 | (208.99)§(209.99)| (222.02)
88 B9 104 105 | 106
Ra | Ac**| Unq| Unp| Unh _
(226.03)| (227.03)] (261.11)| (262.11) | (262.12) Gas—+ éq—— Atomic number
o e
Liquid— 78.96 4 Atomic mass (g mol)

f Transition Elements

*Lanthanides | 58 | 59 60 61 62 | 63 64 65 | 66 | 67 68 69 | 70 71

Ce| Pr | Nd| Pm|Sm| Eu| Gd | Tb Ho Er| Tm| Yb| Lu
{REI‘E Eﬂﬂ.hS] 14012 | 140.91 | 144.24 | (144.97) 150.36] 151.97 | 157.25| 158.93 1EE2,.)E'H 164.94 | 167.26 | 168.93 | 173.04 | 174.97

90 | 9 92 93 94 95 96 97 98 99 100 | 101 | 102 | 103

**Actinides| Th | Pa| U | Np|Pu |Am | Cm| Bk | cf | Es | Fm| Md | No | Lr
(237.05) | (244.08) | (243.06)] (247.07)] (247.07)] (242.06)] (252.08)| (257.10)] (258.10) (259.10)] (260.11)
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Primary Bonds
* lonic
« Charge transfer

- From the extremes of the periodic chart, i.e.,Groups IA
and VIIA(NaCl ),large difference in electronegativity,
boundary approximately 1.7, see Appendix B.

« Covalent
« Sharing electrons in an attempt to make a complete

shell, Group IV elements (C, Si, Ge) and diatomic
elements such as H,, Cl,, and F,.

- Metallic

« Shared by all the atoms in the substance.
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PERIODIC TABLE sp?® hybridized orbitals © o ¢
©c O @©
GROUP —> T Z2 O
IA IIA 1A IVA VA VIA VIIA < VIIA —> IB IIB MmB IVB VB VIB VIIB VIIB
1 2
H Metals [|Nonmetals He
%) 1.0079 4.0026
. .o 0
2 E | g Increasing electronegativity, 2|l
off | LN AL increased tendency to add electrons —
11 >
2 || Na | Mg d Transition Elements Cl | Ar
E 22.99 | 24.305 35.453 | 39.948
o 19 20 | 21 22 23 24 | 25 | 26 27 | 28 29 | 30 35 36
© K Ca | Sc Ti \') Cr| Mn| Fe | Co | Ni Cu | Zn Br Kr
39.098] 40.078 | 44.956 | 47.88 | 50.942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.69 | 63.546 | 65.39 79.904 83.80
D 37 [ 38 | 30 | 40 | 41 | 42| 43 | 44 | 45 | 46 | 47 | 48 53 | 54
r Rb | Sr Y Zr | Nb | Mo | Tc | Ru| Rh | Pd | Ag | Cd I Xe
® 85.468 | 87.620 | 88.906 | 91.224] 92.906 | 95.940 | (97.907)] 101.07 ] 102.906] 106.42 | 107.87 | 112.41 126.90 | 131.29
< 55 56 | 57 | 72 73 | 74 75 76 | 77 78 | 79 | 80 85 | 86
O Cs Ba | La*| Hf | Ta w Re | Os Ir Pt Au | Hg At Rn
(- 132.911 137.33 | 138.91 178.49| 180.95 | 183.85 | 186.21 190.20 | 192.22 | 195.08 | 196.97 | 200.59 (209.99)] (222.02)
_ 87 88 | 89 | 104 | 105 | 106
Fr Ra | Ac**| Unq| Unp| Unh :
v | (223.02)] (226.03)] (227.03)] (261.11)] (262.11) | (262.12) Gas—t 34—~ Atomic number
Liatid— Se '
IquiIc—g 78.96 4 Atomic mass (g mol')
n .
< < f Transition Elements
+ —
O T yrLanthanides | 58 | 59 60 | 61 62 | 63 64 65 | 66 | 67 68 69 | 70 71
£ o ‘QRare Earths) | (Ce | Pr [ Nd | Pm| Sm| Eu  Gd | Tb | Dy [ Ho [ Er | Tm| Vb ( Lu
e GC) O 140.12 | 140.91 | 144.24 | (144.91)] 150.36] 151.97 | 157.25| 158.93| 162.50 | 164.94 | 167.26 | 168.93 | 173.04 | 174.97
< £
X © S . 90 91 92 93 94 95 96 97 98 99 100 101 102 | 103
< Y, **Actinides | Th | Pa| U | Np| Pu [Am | Cm| Bk | cf | Es | Fm | Md | No | Lr
<_E 232.04 | (231.04)] (238.05)](237.05) | (244.06) | (243.06)] (247.07)] (247.07)] (242.06)] (252.08)] (257.10)] (258.10)] (259.10)] (260.11)
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Mechanical Rotary Vane Pump

http://www.repairfaq.org/sam/vacuum/rvpnotes.htm

Rotary Vane Mechanical Pumps - 1

Gas
Ballast Inlet Outlet

Electric Motor | |

Qil

Fill
Qil
Sight
Glass

Qil
Drain

Frame
Qil-Filled Pump Body

R. B. Darling / EE-527
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Mechanical Rotary Piston Pump

1) Inlet flange

2) Piston

3) Intake holes

4) Seals

5) OQutlet valve

6) Valve spring

7) Overflow channel
8) Gas ballast valve
9) Throttle hole
10) Outlet channel
11) Silencer
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Diffusion Pump

Diffusion Pumps - 1 o
P Diffusion Pumps - 2
Inlet
| | Inlet
i K_ I
Multistage Jet M
Assembl
Water ’ { % Water
Cooling Coolin
Lines 7 N\ Lines °
—
Outlet J ? % Outlet
— Ejector Arm 1 /7] N Ejector Arm
Qil Filland Drain| [ | B Qil Fill and Drain ﬂ ﬁ ﬁ ﬂ
Assembly | Assembly
— _ Electrical Plug Electrical Plug
Oil Heater Oil Heater

R. B. Darling / El R. B. Darling / EE-527
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Turbomolecular

Turbomolecular Pumps - 1

Inlet
Rotors
Stators
Shaft
Electrical
Connection Foreline

to Controller

[{]_P] High Speed Motor

R. B. Darling / EE-527
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Relief
Valve

Expander
Motor

Cryopump

Cryopumps - 2

Inlet

////\\\\J.r

—~ 1st Stage Cryoarray

|~ 2nd Stage Cryoarray

/ Expander Module

Regeneration
Foreline

i

Hydrogen Vapor
Bulb Thermometer

1T o &

Helium Line Connections

R. B. Darling / EE-527
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lon Pump

[on Pumps - 1

pump___ +V
body - power

ﬁ supply

010]0

i

v

\ external permanent magnet

4

Diode lon Pump

)
S
|

| multicell

cylindrical
anode
array

. cold
cathode
discharge

~. titanium
cathodes

R. B. Darling / EE-527
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Equipment

« http://eosl.gtri.gatech.edu/Capabilities/tabid/508/Default.aspxhttp://eosl.qtri.gatech.edu/Capabilitie
s/tabid/508/Default.aspx

« http://grover.mirc.gatech.edu/equipment/

« http://www.youtube.com/watch?v=9p2wwOTpCCI

- (ALD)
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Primary Bonds

3 =
*g re; = 0.107nm b=

M'va = 0.186nm - §
g 3
= n
QV v

rya = 0.098nm
reg =0.181nm
Energy required: 5.14 eV Energy released: 4.02 eV
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Primary Bonds

Qoo

Fe2* Fes*

r=0.124nm r=0.087nm r=0.067nm

Schematic showing the relative size of the electron
clouds of iron and two common valence states
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8 Li ?,i+ Be %e2+ B3+ C C‘H’Ne 00 Ne
N3' 02‘

9 9 .20 010 4
Nag+MgM2+ Al o+ St gar 0 Q
g P3- S2—

D sc9Ti®9yv G Mn Fe Co Ni Cu°+Zn°2+Ga°3+Ge°As See qu
K+ Ca2+ Sc3+ '],"14 Cu 7n Ga Ge4+
Se?~

Q092920020090 o, 0, 90 0 9
Sr° Y@@ Nb Mo Tc Ru Rh Pd Age

K

%@ 02:2:2 %9 %*
+ g2t Yzt Ag* "o In3+Sn

Q0 900000000 000000 o0

Cs Tl

Ba° La Hf°Ta W Re Os Ir Pt Au® Pb@ B
+ Ba2t La®" Hf* Au* Hg2+ T8 PH*T

al ¥

As>~

Cs

0 0 e e ? Atom.
Cation@ Anion‘

ratom > rcation ratom < ranion

Neutral atoms are shown in green, cations are red, and anions are blue. Note the
relative change when a neutral atom becomes a cation, compared to an anion.
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