The Mole

 The amount of gas in a given volume is
conveniently expressed in terms of the number of
moles

 One mole of any substance is that amount of the
substance that contains Avogadro’s number of
constituent particles

—Avogadro’s number N, = 6.022 x 1023

—The constituent particles can be atoms or
molecules

Got mole problems? Call Advogadro at 602-1023



In many problems it is better to work with lump
numbers of molecules!

Isotopes of hydrogen Isotopes of carbon

Erﬂtﬂn Neutrnn

3H

Hydrogen Deuterium Tritium

1proton 1proton 1 proton Carbon-12 Carbon-14

1 neutron 2 neutrons
6 protons 6 protons

6 neutrons 8 neutrons



THE MOLE UNIT

Atomic Weight is defined as the mass of one atom
of an element.

The first element, which has been assigned a mass
was the carbon-12 atom, and it was said to be
exactly 12 amu (atomic mass units).

Using the carbon 12 atom as a basis for all the other
atoms, proportions were set up and atomic weights
were assigned to each of the other atoms.

Atomic weights can be looked up on the periodic
table and they are the larger numbers in each box.



THE MOLE UNIT

The mole is defined as the number of carbon-12 atoms In
12 grams of carbon-12.

1 mole (of any substance) = 6.022x10%3 atoms,
molecules, or ions (depending on how that substance
exists at that time.) (For example, 1 mole of Xe* ions has
6.022x1023 Xe* ions in it.)

1 mole (of any substance) = the total of the elements atomic
masses expresses in grams. (For example, 1 mole of Na
weighs 23 grams.)

The mole allows to weigh substances and to tell how many
particles are in that substance.



PERIODIC TABLE OF THE ELEMENITS

Table of Selected Radioactive Isotopes

: J 1153 wind ¥ il :7: ::r)f:.r W !.J,‘!-:é‘j:: pectively 10 36CONGS. Menulas, hours, days. and yoars The tabio
de 7 wle 121 m {1540 nichudes Maindy the ONQe:-ived BOlopes. many others
0 123 m 19T A T nave baen preg L known 10 be rsSosctive but with
HOUP Fa 1" = \;;» o9 d fl excpeding 10" y have not been nchuded. Symbois de
M X Lx i’ yp scriting the principal mode modes) of Jecsy Solows
‘nA J_ ; T “” Ei-:("ﬂ’a' <..1.m-°.'....w-a:,°'w.uo, g-:‘u::t-ml 1“‘
Loore g » s :-: ;.:‘:; ; ::‘m::—mmm 2 4.0
! e 135 @9x10"yp 1§ positron emisson
P 1 17 BITEE EC  orbital electron capture 4218
n w B wle 10 (12845 T momarnc ransition from upger ko kwer isomenc stabe s
0o t ] : -4 wia :’u ;-_Jt:‘;b SF  spontaneous fission lHTI" 5
18’ i ¥ v 88 (1084t EC wCe 144 8444 &
warogen | 2/11A i & w - @ 13/1IB 14/IVB 15/VB 16/VIB 17/VIIB| ..
. © o
6.941 ﬂ.ﬂlﬂl - -k u 1081 12.011 14.0067 15.9994 18.99840 20.
' 4 :: 3 Mo : 5 3 6 242 7 213,542 8 2 9 -1 10
- 3?‘3 wr 51 & W az7s 5100" TT344 80.188 '] 710
Lij=Be| 2 = B[E Cl= NI O[ Fl=N
= R 234 226 128011 1420t 16061 0900t
18%2s" .1:!5’ ke 5 wlth 1s72s% 18#2s%p? 1s32g%p? 15%29%p4 15%29%p* 187287
Lithium Beryllium L :g -~ Boron Carbon Nitrogen Oxygen Fluorine Necn
22.98977 2!.305 - = 26.“!54 28.0855 30.97376 32.066 35.4527 39
1 1 12 i .25 M pasd g b 19 PROJIEC 13 14 42 15 2354 1 2248 1 #1357 18
5 » wd 108 WSIAEC 175 miedp zun 2630 m |55 e 23018 8745
Na|~M B, ZERF  iiED = AIEE Sif P S| Gl S
174 o (127045 8K wln 171 PENF nis 182 S0d s peda 182 207 3214t 1.784t
[Ne]3s [u-]s.r !N-]a-’p [Ne|3s*p? [Nej3szp* [Ne]3s*p* [Ne]3sp® [Nej3s”,
Sodium 3""‘ MVA NVA elv“ 7N“A 8 r 1 1"B 1 2’.'3 Aluminum Silicon Phosphorus Sulfur Chiorine
39.0883 40.07 “.9559 47.87 50.9415 51.996 . ! 39 69.723 7281 74 9215 78.
e 20 il 22 3123 %124 5126 55526 < 29 =5¢130 *=>[31 I3 34 75|35 1 (36
] 17857 3108 W50 2045 2840 nn 247'! 107 879 v 33! u 12088
] K 1z ca 1814 sc 1938 Tl 2163 v 2130 cr 1518 Mn Fe 13586 zn Ga m-;Ge As a4 & Br 118 H
] &n T.19 7874 8.96 7.13 amn 312 arst
[Arjs® INM* [Arj3d4s |Arf3d 24s 2 [Arj3d s * [Arj3d*4s’ lkﬁv“l’ [Ad3d*4s? [Arj3d eds [NIM‘““ INDd'*s‘v [Ar]3d 4s7p? iAr]ad"n:’p [Arj3d"4spt [Arj3d"astp® [Arj3aas
otassium Caicium Scandium Titanium Ch 9 ron Copper Zinc Galllum Germanium Selenium Bromine Krypto
X 4 . 1.224 4 106.4. 107. Illll I-'II 82 n Tl 121.70 1 . 5 13
?us?n 38 87.62 39 049089 40 ° 2 a1 929084 4 9594 | 43 (98) 44 J01.07 51029055 46 08.42 47 07.868 48 49 50 8710 51 21780 2 7180 5 120.9048 54 :
mau- W11 5015 a2 4538 ] n?o 2240 243 1261 4575 166.1
63 Rb s 1798 Y 2128 zr 742 Nb 2098 77 J'fP zuiu Hu Rh 1825 Pd 123608 cd 42978 In 508.12 SH 803,61 b 72272 Te a88 7 I 161.30 x
12 r aar 10.22 ns \J | 12ar 1241 120 10.50 49 st
[Krj5s" [Kejdd' 5s* [Kr]ld’ﬁ-’ [Krl4d®5s' [Krjdd5ss? [Krjdd 758" [Krjda®5s! [Krjdg *® [Krjdd *o5s* [K:]-ld"’&i' [Kr}id"’h' [Kr]u m’p‘ [Kr}m‘"h’p‘ [Kl}ld"bc‘p‘ Ked®5s%p* | [Krdd™5s
ublidium Strormum Yitrium Ti i Ruthenium Rhodium Paliadium Sitver Indium Antimony Tellurium lodine Xenon
. —
132.9054 137.33 138.9055 178.49 1n.un 183.84 186.207 IMJJ 182.22 195.08 196.9665 200.59 20?.2 mm 209) 210, 1
5 1 56 ] 57 3 72 4 3 7 65432 7 THA2 76 2348 78 24 7 31 8 a1 8 8 83 84 (4,:;] 85 ,EM; 86 (
2078 Ty * | aors s?m 5825 5470 4100 310 62888 |'r4a nm g 2114
-Cs[= Ba[: La[= Hf|= Ta|= W[> Re[= Os[> Ir[= Pt[:-Aul= TIE -Pb|>- Bi|: Pof Atl:
; 815 130 16.65 193 no 8 ’ 2145 193 1355 11.85 11.35 83 - ars
[Xajés' [Xa)6s? [Xe]5d 6s? [Xe)at 45d6a? [!akf “5di6e? | [Xejaf“sd‘e? | [XeMr<sasest | [(Xorsa*ts? | [Xeja1'*5d'6s” | [Xajar<Sates' | [Xel41"Sa'6s' | (elf5a6e? | (Xelr<50™eip’ [lnw"ﬁd"'swu‘ |x.}-« ‘Sd"‘&p [ta]4t ' 5065 " lXe]4t 4 5 68 °p® | (X4t '5d
Barlum Lanthanum Hafni Tungst Rhenium Osmium Iridium Platinum Goid Mercury Thallium Polanium Astatine Rador
] @88 = 89 = 104 =" (105 =106 = (107 == 108 *(109 *1110 =111 &= (112 =113 114‘”5’ 115 116 |117 [118
Mva T_:.\;‘" 18 @m Dlix - _\‘ l-; % nem m n ﬂ (A
rl= Ra|=Ac|: Rfl- Dbl- Sof- Bhl Hsi: Mt Unaf- Unuf Uub = g
10.07 X U ul “é - J- - wudl- Yl < Y
[An[7s [RAn|Ts* [Anjga'7s? [Rn)SI"6FTs* [RnjSI 64" Ts" [Rn)5I46d*Ts* [An|5P 46" Ts™ [Rn)5f46d*7s™ [Rnjsi*46d"7s% [Rnjsf4ad®Ts* [Rn}5f46d?7 ¥ [Rn}5IM46g*7s lﬁnjﬂ“‘ﬁ e "n‘
rancium Radium Actinium Dubnium Seaborgium Bohrium Hassium Meitnerium | (Ununnilium) | (Unununium) | (Ununbium) | (Ununtrium) (L P 1)| (Ununhexium) | (Ununseptium)| (Ununocti
timated Values
; 77 14424 145 150.36 151 157.2 158. 162.50 164, 1 7.2! 168.9342 173.04 174.967
aromc *[58 P 69=ariG0 =81 *PIB2 Wr|03 (G4 wsfhman |Gl wniGTwan |Gl wis|GQune 7). MelT] wa
WEIGHT (2) ans c 'nn:. 3047 @ 1800 3545 3500 296A Juq wn 1468 WHE
10n e Pr 1294 1315 | m .7 Eu 1585 d T 1685 747 Er 1818 m 1092 u
OXIDATION STATES &rT TN 2 | Ull]rs 790 8.55 8.80 0.32 697 !
KEY (Bold most stable) [Xoji'sa'6s* [xem!es: [Xeper gs? [Xe}dr* 657 [Xejete 6s? [Xej4t™ 6s? [Xaj4t™5d 687 a4t %852 et o6s2 e es? [x.}u *6s? [Xej4t 2652 [Xejdt s * [XeHt45d'6s?
4 v \ Cerium Pr dymium dymium | Pr Samarium Europium Gadolinium Terbium Dysprosium Holmium Erblum Thullum Ytterblum Lutetium
-
8539} — 1 238.029 237/ 44 243 247 247) 251 7] 258 259 262
~J30 =2} #9001 <792 =103 0194 £3/95 23106 :7(97 (98 7[99 =[100 710110273103
k. -~ SYMBOL 5080 4407 #1175 NN 3505 - n - f - [ (=] \ [ - I
k| ee273 b il 2028 Th 1845 Pa 1408 U 912 \\F 013 PEH e [l [T | re0 |'r\”'-"“ - + IHT 170" "“? 1130 :_—’\Q (] ] 1100+ .N T‘i 1900 nm
P s nmn 154 18.95 .."uJ‘J 19.84 Do 1 e \\J"Ml 14 ~/N| - Ji|- C1) U wl- WNYl- &U
4 [Af3d™as™ ) [Rnjsa? 782 [Rnjst26d" 7s? | [Rnjsfted’ 7e? | [RnjSi*6d’ 7s* [Rnjst s 782 [Rnj5i" 787 [Rnjst” 6d' 782 [RAn]st # 787 [Rnjsf 0787 [Rn]st 1" 782 [Rn]st 278 [Rnjst 14782 [Rnj5t 14754
Zinc T— Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium Nobelium
k ELECTRON
at 300 K (3) CONFIGURATION NOTES:
MAME P e AL A 20 . B e carhan Al 5 it aaaad N G RV L TRV S S OA IR AT R T SRS R T AR L . m BEBRF_®F _®



Moles, cont

e The number of moles can be determined
from the mass of the substance: n = m /M

— M Is the molar mass of the substance
— m is the mass of the sample
—n iIs the number of moles



How much one mole of AlL,S; (Aluminum Sulfide) weighs?

A basic assumption is that in one mole of Al,S,, there are two
moles of Al and three moles of S.

Using this assumption, there are 2 moles of Al and 3 moles of &

So take 26.98 grams (which is the weight of 1 mole of Al) and
multiply it by 2.

Then take 32.06 grams (which is the weight of 1 mole of S) and
multiply it by 3

Then add the two amounts up.
2 mol Al =2 (26.98) =53.96 g
3mol S=3(32.06) =96.18 g

Total - 150.14 ¢



Benzil alcohol molecule



Equations of State

 P,V,T, and n are not independent.
* Any three will determine the fourth.

 An equation of state Is an equation
that relates P,V,T, and n for a given
substance.

e Gases have the simplest equations of
State.



ldeal Gas Law
First written in 1834 by Emil Clapeyron

 The equation of state for an ideal gas
combines and summarizes the other gas
laws

PV = nxRxT
where nxR = Nxk = nxN ,xk

e R Is a constant, called the Universal Gas
Constant

R =8.314 J/mol - K



ldeal Gas Law, cont

 The ideal gas law Is often expressed in terms of

the total number of molecules, N, present in the
sample

e PV =nRT =(N/N,) RT = NkgT
— kg Is Boltzmann’s constant
—kg=1.38 x 1023 J/K

e [tiscommon to call P, V, and T the
thermodynamic variables of an ideal gas



Composition

 moles: n
Sn =n

* mole fraction: X
Sx;=1

 partial pressure: p,
SpPi=p




Dalton’s Law of partial pressures

N = N;+ N, + Ng...+...
Because N = PV/ kgT and N, = P.V/ kgT, 1=1,2,3,...
PV/ kgT = P,V KgT + P,V kg T + PV KT + ...

Or

P=P,+P,+P;+ ...-Dalton’s law
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