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CHEM 1061-003 9 MARCH 2015
WEEK 8, PART 1 NOTES

ANNOUNCEMENTS:

THIS WEDNESDAY IS EXAM 2,
9:00 - 10:00 PM

ROOM ASSIGNMENTS ARE
IDENTICAL TO THOSE FOR
EXAM 1 AND ARE ACCORDING
TO THE FIRST LETTER OF YOUR
LAST NAME ( OR SURNAME):

PHYSICS 150 A-L

(TATE LAB OF PHYSICS 150)

STSS 230 M-Z
DO NOT TAKE THE EXAM IN THE

WRONG ROOM!
SEE HANDOUT FOR DETAILS
ON THE EXAM. IT WILL COVER
CH 5-7 AND HAVE SOME Q's BASED
ON CH 24.

WEDNESDAY'S OPTL_ONAL LECTURF

WILL INVOLVE REVIEW OF SELECTED
Q's FROM PRACTICE _EXAM 2 OF 2014

Please E-MAIL ME ANY REQUESTS:

ellis@umn.edu




TOPICS TODAY: "'2 -

(NONE OF THIS STUFF WILL

BE ON EXAM 2- BUT IT WILL BE
ON EXAM 311)

1.G.S. ELECTRONIC CONFIG
OF POLYELECTRONIC ATOMS

(il RULES FOR FILLING ORBITALS
{i) HUND'S RULES: MAXIMIZING

i) HUND'S RULES:

THE N

ELECTRONS IN A PARTIALLY
FILLED SUBSHELL

2. CORE AND VALENCE ELECTRONS

3. KEY IMPORTANCE OF VALENCE
—ELECTRONS

4. ATOMIC STRUCTURE. CHEMIC
PROPERTIES AND SELECTED
FAMILIES OF ELEMENTS IN THE
PERIODIC TABLE

[ ALKALT METALS (qp 1)
' (GP 2) aip o LITNE
(ii)HALOGENS AT ALnWum (6r 3)

PARAMAGNETIC ATOMS

PTomS Wity



o LAST FridAY

GROUND STATE ELECTRONIC

CONFIGURATIONS OF
POLYELECTRONIC ATOMS

15<2s<2p<3s<3p<4s<3d<4p<5s

RULES FOR DETERMINING THE
MOST STABLE ELECTRONIC

CONFIGURATIONS OF NEUTRAL
ATOMS -

a. ELECTRONS ARE ADDED TO
ORBITALS IN ORDER OF INCREASING
ENERGY. EACH LEVEL IS USUALLY
EILLED COMPLETELY BEFORE

- BEGINNING THE NEXT ONE. E.G.,

8
26Ni 152824 35 34530
Ar
or ENE]4£P3JB
c}:‘_ VALRICE

37Rb |, &t v 3pds 34 "@‘I s’

Tl [_kf} 53’,\ VAM‘
Ncoet



1s<25<2p<3s<3p<4s<3d<4p<5s "4—-

b. HUND'S RULE: ELECTRONS ARE
ADDED TO SUBSHELLS WITH PARALLEL
OR ALIGNED SPINS TO THE MAXIMUM
POSSIBLE EXTENT TO MINIMIZE
INTERELECTRONIC REPULSIONS.

THUS, HUND'S RULE MUST BE SATISFIED
FOR AN ATOM TO ACHIEVE ITS MOST
STABLE OR GROUND ELECTRONIC STALI
EXAMPLES:

ATOMS OR MOLECULES WITH UNPAIRED

ELECTRONS ARE ATTRACTED TO A MAGNETIC

FIELD AND ARE SAID TO BE PARAMAGNETIC
%



CORE AND VALENCE ELECTRONS

a. CORE ELECTRONS ARE ELECTRONS
IN COMPLETELY FILLED SHELLS

(n=1, 2,...) AND/OR HAVE THE SAME
ELECTRONIC CONFIGURATIONS AS

THE ESPECIALLY STABLE INERT GASES
IN NEUTRAL OR CATIONIC ATOMS

COMPLETELY FILLED SHELLS ARE
ESPECIALLY STABLE AND THUS

CORE ELECTRONS HAVE VERY HIGH
IONIZATION ENERGIES AND ARE RARELY
LOST ( OR SHARED) IN CHEMICAL REXNS;
I.E., THEY ARE VERY TIGHTLY BOUND TO
THE NUCLEI OF ATOMS.

EXAMPLE:



CORE AND VALENCE ELECTRONS 6~
b, COMPLETELY FILLED d and f-

SUBSHELLS ALSO USUALLY

FUNCTION AS CORE ELECTRONS

IN ATOMS
EXAMPLE: W& LLECTRoAS

ek .a..[::ﬁ,.gc

21S Qe 4-51- \ISC
o [T Sk

VeLiiel CLScTrglds
c.ELECTRONS IN PARTIALLY FILLED (Fmoub [y

SHELLS (OR SUBSHELLS) ARE CALLED 3904
VALENCE ELECTRONS, WHICH ARE
OFTEN LOST OR SHARED IN REXNS. _

EXAMPLES: «/‘E:; hgf‘ (\m
17Cl [N!]?l' 3p &.3;(&“’ . “‘“’
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Viep-
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CORE AND VALENCE ELECTRONS i
d. THE OUTERMOST ELECTRONS IN

ANIONIC ATOMS ( H(1-), O(2-), F(1-),

S(2-), Cl(1-), ETC.) WITH COMPLETELY

FILLED SHELLS (OR SUBSHELLS) ARE
CONSIDERED TO BE VALENCE

ELECTRONS BECAUSE THESE ARE

OFTEN SHARED OR LOST IN REXNS.

EXAMPLES: . (a0 Ny

SH § oN”
0S(2): (P e ac i

1«%&7 BE e TV AL iy ! Sorrert o
HOWEVER, THE OUTERMOST ELECTRONS C"""‘_“"{,”"
IN CATIONIC ATOMS THAT ARE
ISOELECTRONIC WITH THE INERT GASES
(He, Ne, Ar, Kr, Xe) ARE CORE ELECTRONS

EXAMPLES:

13A|(3+) Cﬂem]-\lh Coté lsz'lsllp‘) T
OVEN Monst ASSISTANT ThaN  WNEoN

Tovanps LoSINe oa SWanie ITS Cunl
€ LE cTruAl,
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T £ Gaxep WoLps oNTO
ITS Conl SLECTS Mot
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-~ SUMMARY OF IMPORTANT POINTS ON 9‘
THE ELECTRONIC CONFIGURATIONS

OF ATOMS ( OR ATOMIC STRUCTURE)

1. ELECTRONS ARE ADDED TO ORBITALS
ACCORDING TO THEIR RELATIVE ENERGIES:
THE MOST STABLE ORBITALS (I.E., THE
ONES CLOSEST TO THE NUCLEUS) ARE
FILLED FIRST
15<25<2p<3s<3p<4s<3d<4p<5s<4d<5p...
NOTE UNUSUAL ORDERs:

4s<3d<4p and

Wil
het 1\["“
EXanwEd o TU

s FILLS BEFORE 3d DUE TO A GREATER A
PENETRATION OF THE 4s ORBITAL INTO
THE INNER "ARGON CORE" [Ar] ELECTRONS,
BECAUSE, ON AVERAGE, ELECTRONS IN
THE 4s ORBITAL ARE CLOSER TO THE
NUCLEUS THAN THOSE IN THE 3d ORBITALS.

SIMILARLY, 5s FILLS BEFORE 4d



SUMMARY OF IMPORTANT POINTS - q~
2. HUND'S RULE IS IMPORTANT IN
DETERMINING THE MOST STABLE
OR GROUND STATE OF AN ATOM
WITH A PARTIALLY FILLED
SUBSHELL. THE ATOM WILL
ALWAYS CONTAIN THE MAXIMUM
NUMBER OF UNPAIRED ELECTRONS
(WITH SAME ms VALUE) TO
MINIMIZE INTERELECTRONIC
REPULSIONS. (NUMBER OF UN-
PAIRED ELECTRONS = "# upe")

EXAMPLES:
. T V’dﬂ‘rlg/) @] "
mm()"%u . -

80 [“L]?S‘Lz’a 'Vho
2,4 v
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SUMMARY OF IMPORTANT POINTS [
3. CORE ELECTRONS ARE SO TIGHTLY
HELD BY NEUTRAL OR CATONIC ATOMS
THAT THEY ARE NOT LOST OR SHARED
IN CHEMICAL REACTONS (EXCEPT WITH
THE BARE PROTON, H(1+), A SUPER-
REACTIVE SUB-ATOMIC PARTICLE THAT
IS ONLY LONG-LIVED IN A HIGH VACUUM)

a. INERT GAS CONFIGURATIONS FOR
EUTRAL AND CATIONIC ATOMS:

SHe I o 3(,';* s

wNe (Rde's* o n.(haﬂ [h)astat = [Pe) "
18Ar [’:")35‘3?‘ o :" [He'j}‘tj"‘ : "[Ar] h

b. COMPLETELY FILLED d-ORBITALS
FOR NON-TRANSITION METALS

(INCLUDING METALLOIDS AND NON-
METALS) Conl

33 r t 3 10
As [&]43 P \&’]y
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SUMMARY OF IMPORTANT POINTS

4. ELECTRONS ON AN ATOM THAT ARE
LOST OR SHARED IN CHEMICAL REXNS
ARE CALLED VALENCE ELECTRONS.
VALENCE ELECTRONS ARE ALWAYS

IN THE OUTERMOST ORBITALS OF

AN ATOM.

a. ELECTRONS IN PARTIALLY FILLED
SHELLS/SUBSHELLS ON ANY ATOM

sMn [M@Q

e : VALSNCE. (3 ¢)

sBr (4 45 E '01.4495

Vnu,mi. (3 c)
b.ELECTRONS IN COMPLETELY FILLED

OUTERMOST SHELLS/SUBSHELLS IN
ANIONIC ATOMS

1H(1 -) [J '] B\)Tp'ﬁﬂb CLecTed IN

Ate  Vagret ety !

8 VALU(.L Echm./! — Jo

NG P B CopiipTt s Te NO,
U Co s (S'-+)
av L&y OXlDAT\u,J’




IMPORTANCE OF VALENCE ELECTRONS:

THE CHEMICAL PROPERTIES OF
FAMILIES OF ELEMENTS,E.G.,

THE ALKALI METALS (GP 1) OR

THE HALOGENS (GP 17) ARE OFTEN
QUITE SIMILAR BECAUSE THEY HAVE
IDENTICAL NUMBERS OF VALENCE
ELECTRONS. THESE SIMILARITIES
INSPIRED DMITRY MENDELEEV IN THE
LATE 19th CENTURY TO CREATE THE
PERIODIC TABLE OF THE ELEMENTS.

WE WILL EXPLORE THESE IDEAS NEXT.

- 2~



ATOMS, VALENCE
ELECTRONS, THE
PERIODIC TABLE

[ o / /’ W “2%__..:#;“; 4

: ?1/’ PLEDGE ALEGINE T
oI T AToM, AND 10 TRe PERIODIC
l*i 1;\5_& o WHICH I T STANDS, MNY [
| cARTOES INDIVISIBLE, WITH OROTALS 7

NS ELECRONS FOR A —




ATOMIC STRUCTURE, CHEMICAL - k-
REACTIVITY AND FAMILIES OF
ELEMENTS IN THE PERIODIC TABLE

a. ALKALI METALS (group 1)

(i) ALL HAVE THE ELECTRONIC
CONFIG:

[INERT GAS CORE] ns?, n>1

(ii) ALL READILY LOSE ONE e(-)

IN CHEMICAL REXNS TO PRODUCE
SALTS CONTAINING ALKALI METAL
CATIONS, M(+).

EXAMPLES:
sLi [He] 2s* 6~ HIGHEST IONIZATION
ENERGY

11Na [Ne] 3st

19K [Ar] 45t M — M+ + e

37Rb  [Kr] 58
55Cs  [Xe] 6s?

87Fr [Rn] 731

" PROBABLY LOWEST
119Uue* [Uuo] 8s™€ IONIZATION ENERGY

(OF ANY ELEMENT)
(*unknown to date)



a. SOME CHEMICAL REXNS OF
ALKALI METALS

(i) ALL ARE VERY STRONG
REDUCING AGENTS AND READILY
DISPLACE HYDROGEN GAS FROM
WATER TO GIVE ALKALI METAL
HYDROXIDES.

<) V6 + WO -Mf;_; K‘{-(Ao) + Wy *i“z(j)

(ii) ALL REDUCE HALOGENS TO
GIVE ALKALI METAL HALIDES
+ =

k(:) & { Q, — K _CjJ
[ .
o Ao UKk
(iii) SIMILAR REXNS OCCUR WITH L cTrort. SIRY crands
ELEMENTAL S AND P TO PRODUCE
EXPECTED SULFIDE, S(2-), AND
PHOSPHIDE, P(3-), SALTS

2K + % - » 2K 5™

k’L )

Ty S

B
AL S‘Tmoll&}zﬁ—:_ l_ujz J@'-]3§3fb

WY l%‘tl'arrm-u. CorRIG.



b. ALKALINE EARTH METALS ( gp 2)
(i) ALL HAVE THE ELECT. CONFIG.:
[INERT GAS CORE] ns ; n>1

(ii) ALL READILY LOSE 2 ELECTRONS
IN REXNS TO PRODUCE SALTS
CONTAINING M(2+) IONS (HOWEVER,
Be(2+) COMPOUNDS ARE OFTEN
MUCH LESS IONIC IN CHARACTER
THAN ANALOGOUS ONES WITH

THE LARGER GP 2 ELEMENTS)

Be  [He] 26> € WEAKEST REDUCING AGENT OF

THE Gp 2 METALS: HIGHEST IONIZATION

12Mg  [Ne] 3s= RIS

0Ca  [Ar] 4s% m —_— /\/\a'.;. e

38Sr [Kr] 552‘

2. & STRONGEST REDUCING AGENT

ssBa  [Xe] 6s OF THE NON-RADIOACTIVE

ssRa  [Rn] 7s> BF SMETALS mtg;:y Series of
Li
K
EXAMPLE OF REXN OF CALCIUM WITH o
WATER (SHOWN EARLIER IN CLASS): Na
Alg
Mn
C,Ct(:) "'ZMW — étrl
Fe
Cd
Ni
CMU/“\ Sn
PyDrox . IP{b i
Qe 200 He
Ag
Au




-/ 1.
c. HALOGENS (gp 7 or 17)
(i) ALL HAVE THE ELECT. CONFIG: Cong
[INERT GAS CORE] nshpd; n>1 %
Xt Bre T Ao coptan G-Dd° cons tuemies — (€9
(ii) ALL READILY GAIN ONE e(-) [ s
IN MANY REXNS WITH METALS B~ [Aw)dsBd {4y
TO PRODUCE COMPOUNDS ,
CONTAINING HALIDE IONS, < [kse s
OR X(-), WHERE THE LATTER
HAS THE FAVORED ELECTRONIC
STRUCTURE OF AN INERT GAS
ey, Ba + e ——» Bal e Keydaclle — i,
r'(iii) ALL EXCEPT FLUORINE CAN [\Q 45131“4‘,6
BE OXIDIZED TO PRODUCE CMPDS
CONTAINING HALOGENS IN THEIR
MAX O.N. OF +7; ESPECIALLY
| IMPORTANT ONES: THE PER-
HALATE ANIONS, [XO4](1-),
PERCHLORATE, PERBROMATE
AND PERIODATE ANIONS.

Cor¢

IN THIS FASHION, CI, Br and |
FORMALLY LOSE ALL OF THEIR
7 VALENCE ELECTRONS

IN CHEMICAL COMBINATIONS




c. EXAMPLES OF REXNS
INVOLVING HALOGENS
(NOTE: MOLECULAR
HALOGENS, X2, ARE USED
AS SOURCES OF ATOMIC X
IN THESE REXNS)

* REDUCTION OF HALOGENS
BY METALS (ALL METALS REACT
READILY WITH HALOGENS,
INCLUDING GOLD, Au, AND
PLATINUM, Pt, AT ROOM T.)

EXAMPLE WITH ALUMINUM Qs+ % fulp — ALF,
——)
« OXIDATION OF THE HEAVIER (wmiie
HALOGENS IS EASIEST FOR |, ,\ ALLY) avp
MORE DIFFICULT FOR Cl, Br. 3 E(=)

L TR

MOST INTERESTING IS THE VALENee
OXIDATION OF I2BY Cl2TO EeTheps o
PRODUCE PERIODATE SALTS: Tonitl ang
12 + 7 Cl2+ 16 OH(-)---> 2 104(-) + et Easicy
14 CI(-) + 8 H20 ST By

""THIS REXN WILL NOT APPEAR | =0 4 T
ON AN EXAM!!!

¢t on B,

NOTE: IODINE IS A REDUCING
AGENT IN THIS REXN!
(UNUSUAL FOR A HALOGEN)



d. BRIEF INTRODUCTION TO HN
THE DIMERIZATION REXNS OF

ATOMS HAVING UNPAIRED

ELECTRONS: THE STRONG

TENDENCY OF ESPECIALLY

NONMETALLIC ATOMS TO

FORMALLY ACHIEVE THE

ELECTRONIC CONFIGURATION

OF AN INERT GAS BY

SHARING OF ELECTRONS!

(i) ATOMS WITH ONE UNPAIRED
ELECTRON EACH DIMERIZE TO
GIVE A DIATOMIC MOLECULE
CONTAINING A SINGLE BOND

BETWEEN THE ATOMS:
(@) 2 He - >(@(EACH H ATOM or \l»-\-l
: , BECOMES
"HELIUM-LIKE")
s By svmre Vapict

(4
A tucT“o‘ds e

(b) 2:Cle -----m- > 'Q‘-U. o Q—‘:Q"
Qoo W Biconss a0 -LIKE

BY Svaride TWo ULECT AorS

(.I_q: o ‘.h (.45
"
Waomts QR Dinly
“WeLivme ke “Aagop o LIKE
W, WP ¢
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(ii) ATOMS WITH TWO
UNPAIRED ELECTRONS

EACH WILL DIMERIZE TO

GIVE A DIATOMIC MOLECULE
CONTAINING A DOUBLE BOND
BETWEEN THE TWO ATOMS:

TXi

" .
@ 20 > 1QmO! +===€u.L

e
:S::s: 3\.3:1\4 c‘ms

2§ > §= ~
i

A umg
(iii) ATOMS WITH THREE ™ S‘/ 1
UNPAIRED ELECTRONS WILL .“ ar
DIMERIZE TO FORM A c,ldne
DIATOMIC MOLECULE HAVING
A TRIPLE BOND BETWEEN THE
TO ATOMS:
(8)2‘&' ______ S ‘NEN; W ' ou”o
SN Wents
o - ] =L\E
(b) 2 Pe  -eeee- > 12 P: ?';")S\Wu e',‘
G T
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CHEM 1061-003 13 MARCH 2015 PACT 2
WEEK 8, PART 2 NOTES

(NOTE: THE 11 MAR LECTURE INVOLVED

A REVIEW OF EXAM 2 TOPICS)

=3\ AVG SCORE ON EXAM 2. 66%
BRIEF DISCUSSION OF THE EXAM RESULTS
JOPICS TODAY:
1. FINISH CH 8

a. GROUND ELECTRONIC CONFIGS
OF ATOMIC IONS OF MAIN GROUP

(s,p block) ELEMENTS.
L. IMPORTANT PROPERTIES OF

POLYELECTRONIC ATOMS
(i) SIZE OF NEUTRAL ATOMS

(i) IONIZATION ENERGIES OF
V.

(iii which is
NOT the same as "electronegativity") “m
(iv) COMPARISONS OF THE SIZES
OF ATOMIC NEUTRALS CATIONS,  » BRfak |
AND ANIONS. '
CAL BONDING"

a JONIC OR ELECTROSTATIC BONDS
b. COVALENT BONDING

¢ METALLIC BONDING )
DEMO FINALE: Acetone

PEROXIDE BATTLES THE GREEN DRAGON
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RESULTS ON EXAM 2
_GENERALLY QUITE GOOD- ';3&-;%;1-

EXCEPT ON Q's INVOLV
MERCURY(l) CHLORIDE, WHICH “}':'HE:
CONTAINS Hgz(2+), (Answer

was on last page of exam under q‘,n&m"n
"Solubility Guidelines") AND SELECTING

THE MOST STABLE FORM OF AN ELEMENT (M

p— WEEK B
AT 25°C (liquid Brz) AND NOT I2(g)
THIS WAS A DEMO! norss)
\
SPuUNG 2015 [P Cquis
Chemiotl -003 S:E-’ﬁ‘s,q
Exam 2 6¢- 84 B
Niew 95(s5) Ko 5- 65 <
AVG = 66 4o.49 D
¢o
¥
STcers
42 33
I8
[ ]
5
1 {

| { | J | |
02 301 4049 S059 069 Jol19 S99 %-iw
Scotg. ("7.,)-



HOW ARE YOU DOING SO FAR -3 -

IN LECTURE?
SUM OF SCORES ON VYERY

EXAMS 1 AND2 = APPROXIMATE
~GRADES

171-200 A-TO A
—136-170 B-TO B+
100-135 C-TO C+
80-99 D TO D+

IF.YOUR TOTAL SCORE IS < 100
YOU WILL NEED TO REDOUBLE
YOUR EFFORTS TO RECEIVE A
SATISFACTORY GRADE IN 1061

BECAUSE EXAM 3 AND THE FINAL
COUNT FOR 60% OF YOUR TOTAL

‘REMAINING POINTS, SO THERE IS A
CONSIDERABLE OPPORTUNITY OF

IMPROVING YOUR GRADE.
(ESPECIALLY ON THE FINAL, WHICH

HOWEVER, BE CAREFUL SINCE MANY

OE_THE REMAINING TOPICS (CH 8-12, 15)

ONLY 2-4 QUESTIONS WILL LIKELY

REQUIRE A CALCULATOR).



LAST @agl ©fF Pxam 2 -4-

Activity Series Solubility Guidelines for Ionic Compounds in Water

of Metals Soluble Exceptions 24
Li NH," None '\A G IVES
K Na" None 3 3
Ba K* None Q '
Ca NO; None u\SQLm \-‘az 2
Na ClOo, None
Mg C,H;30, None ,
Al Cl,Br, T Cu’, A sd Pb** compounds

SO~ Ba™, 5™, @ Ap*, and Pb** compounds

@ Insoluble Exceptions
o %‘,‘L OH Li*, Na*, K*, Ba®*, 5r**, Ca** compounds

_ € S g% Mg?*, Ca**, Sr**, and Ba™, Li*, Na*, K¥, NH," compounds
gd A CO,* Li*, Na*, K*, NH," compounds
N(i) GND PO Li*, Na", K*, NH," compounds
I%% :’? speed of light = ¢ =2.9979 x 108 m/s
H, ND Planck's constant = h = 6.626 x 10-34 Jes

Cu g‘ En=-2.178 x 10-18 ](Zz/nz)/atom =-1312.0 kJ (Z2/n2)/mol
Hg MAOW) £ _ 1197 x 10°/2 for E in kJ/mol, & in nm
Ag DIPLMA £ _ 531 x 1019 1+ pm (Q1Q2/d); Emolar = 1.39 x 105 Klepm (Q1Q2/d).
Au Wo || PV=nR,,T
FM N, = 6.022 x 10 mol”
°M || Ry, =0.0821 Leatmemol®sK" = 8314 JeK  emol*
'n ( molar volume of an ideal gas at STP = 22,414 L

STP =0 °Cand 1 atm pressure; 0 K=-273.2°C
1 atm = 101.3 kPa = 14.7 Ib/in® = 760 torr

AH°rxn = InpAHf® (products) - ZnpAHf® (reactants)
AH°xn = £BE (reactant bonds broken) - £BE (product bonds formed)

PERIODIC CHART OF THE ELEMENTS NERT
1A A 1B I¥YB VB VYIB VIIB Yin 1B B 1A IYA YA VYIA VYIIA GASES

CLRWISN I POt XTI E]
Rt T Wo. 7 Sppg Ealop
WY . Dwadis T e Y, .
Ro™ \\8"'. s Y0 Gl Fask woites |




R
1. EQRMAIN GROUP ATOMS
(GPS 1A-7A) ELECTRONS ARE
REMOVED FROM OR ADDED
TO THE VALENCE SHELL OF
THE NEUTRAL ATOMS.

ALWAYS REMOVE/ADD ELECTRONS

EROMITO THE OUTERMOST
SUBSHELL FIRST ( np BEFORE ns; ns

BEFORE (n-1)d )e.g., 4s BEFORE 3d.

EXAMPLES: DETERMINE THE MOST

STABLE EC's AND # UPE's OF:
EC #UPE's

12Mg(0) - e(-) ------ > Mg(+)

(Nel3d - & — [Nejf?s' 1
.. 2~
16S(0) + e(-) ------ > S(-) o / "u@-uu 2
Ne 3:3 +€ — [\k.?:!yg or S’o Dnsuzg (6 . © .
' f cu[w'?w&—m mgﬁ%g 5~§ }
31Ga(0) - 2 e(-)-—-> Ga(2+) "@‘Lé' L
-2 10 Shan,
@\"i“_igq", L_ @\"34 12;!\ 1 an e 2 ELecmelS
Coat (=7 Svtuw Fiuep &rnamb d(-%’ﬁm% %ﬁﬁ _,{ZLM_W
34Se(0) - e(-) ------ > Se(+) '\'\ ;PEQ:SLL@

Le 10 —_
(a)ds*3d°40 =< RESE 3
WPURDS @ils PREdKTS ThE WALE.FILLED
4p SO WILL YaVE 3 SN aLlAlD
TLECTRGAS INDRFEAINT ORBIMLS n

—
TR

4'3



2. THE MOST STABLE IONS IN

CMPDS OF MAIN GROUP

ELEMENTS ( s,p- BLOCK)

HAVE EITHER NOBLE GAS
_OR "PSEUDO-NOBLE GAS"

EC's, e.g. [Ar]3d

RESULTS:

(i) Gp 1A , 2A METALS AND
ALUMINUM ARE REDUCING
AGENTS IN MOST OF
THEIR CHEMISTRY

2 o ST StagLe

foem of

2 2208
'DMAGI‘%TIC )

' ¢
Y WA - 10 LTl \

ny %/ﬂ TP s [a]3d7 g 2d
q ) - \H\L@\r] 431_348 <\§lﬁ“|_{\ Plﬁr\-’ﬁs{' ‘{,’f@“
Conf UECTAONS s WaLD BE AahaNETL

(ii) Gp 6A and 7A NONMETALS " ticbrars2ue
ARE OXIDIZING AGENTS WHEN 249 SWasksi
THEY REACT WITH METALS

Aso wrl s o C (e )os™*
wSo M 3f3* m

- FamiLy of
2.Ge A~ 345"@2 9 SLEnbos v
THE SemE
Cong wumBbie., 4D

P of
o9 (Ko Ss*d]Se* VMCE CLECTHar;

wat ns"
g2 Pb (X 6&":43 & ")kr Lg—)

Cutl




3. ATOMIC SIZE IS DETERMINED BY k(J .
THE DISTANCE OF THE OUTERMOST

ELECTRONS FROM THE NUCLEUS

INNER MOST
E Q0 ». _ INNEROR | SHELLS [Psgglﬁgm u,‘g“g{
: o R vaLence A (ERTaIN
3KJ\ A SHELL  D)STOACE
__ S "LM\ TWE
Zg DISTANCE FROM™ L r(valence) nwevg
VALENCE ELECTRONS NUCLEUS
I \ N" OF ELECTRON SHELLS IN ATOM
Yausate 5 OF THE SAME FAMILY

Coet OF ELEMENTS (GP 1. GP 2, ETC) AND
CHARGE, Q, THE ATOMS BECOME

LARGER AS ONE GOES DOWN A
COLUMN: E.G.,

Li < Na< K < Rb < Cs (largest)

Gl 2 34 s 6

WTh- | FOR ATOMS OF SAME CHARGE. Q,

AND SAME SHELL ( value of n) THE
ATOMS BECOME SMALLER AS THE

ProBadiL

NUCLEAR CHARGE, Z, INCREASES: E.G.,

N=2 Li> Be> B> C> N > 0> F > Ne (smallest)

S“LIA-/) q\
o R t: 410
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TRENDS IN ATOMIC RADII OF

NEUTRAL ATOMS N\QTS TI-W.
300 — |:| ) LQ%W
. Group 1A(1 o N
250—j DG”“F’BAUB) i FO«- A G‘V w
| ' SKHELL,

Rn
Xe

Kr

Atomic radius (pm)

0 | T T T 1 T T T
10 20 30 40 50 60 70 80

Atomic number, Z
eriodicitv of atomic
radius. A plot of atomic radius of

elements in periods 1-6 shows a
periodic change: the radius usually
decreases through a period (except
for transition metals-don't worry
about these!) to the noble gas and
then increases suddenly at the next

alkali metal

BQTTOM LINE: FOR A GIVEN SHELL OR PERIOD (value
of n) GP 1 METALS ARE THE LARGEST AND NOBLE
GASES ARE THE SMALLEST FOR NEUTRAL ATOMS

X PP = OComETen = |0” Ememn
"1 TR oF & M




MORE CONVENTIONAL DIAGRAM SHOWING

.

THE CHANGE IN ATOMIC RADII AS THE NUCLEAR
CHARGE INCREASES ACROSS A SHELL

(1) /

§3

8A
(18)

He 31

P 110

Bi 150

At (140)

Rn(140)

— T
_\_\_\___\_\_‘_\_\_\_‘_\_\_\_\_-_‘_‘_‘_—'——
3B 4B 58 6B 7B |- 8B N\ 1B 2B
(3) 4) (5) (6) 7) (8) © [ (0 | (1 | (12
Sc_ 162 | Ti. 147 V. 134 |Cr 128 |Mn 127 | Fe 126 | Co 125 |Ni 124 | Cu 128 | Zn 134
) i ity s _
@9 Q9 Q9 9 99 Q9
Y 180 | Zr 160 | Nb 146 | Mo 139 | Tc 136 | Ru 134 | Rh '13_4"‘ Pd 137 | Ag 144,| Cd 151
5 - ' : . s YE
QD99 9999
La 167 | Hf 159 |Ta 146 |W 139 |Re 137 |Os 135 |Ir 135 |Pt 138 | Au 144 |Hg 151
' 999999999

Figure 8.15 Atomic radii of the main-group and transition elements.
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4, FIRST IONIZATION ENERGY, IE1,
IS THE ENERGY REQUIRED TO
REMOVE THE WEAKEST BOUND OR
OUTERMOST ELECTRON FROM AN

ATOM IN THE GAS PHASE. THIS VALUE
IS ALWAYS POSITIVE (REQUIRES

ADDITION OF ENERGY) FOR NELEBAL
ATONIS RS G- Re— 0T e JE:BI2
A(g) > A(¥) +el) ; IE1>0 Y

a. TRENDS FOR IE1 VALUES FOR MAIN
GROUP ATOMS ACROSS A ROW

E~~ LIGrssT

. s

1&y

r
NUCLEAR
. ULAR Chared, €

ALKAY METAL

KTHERE ARE SOME EXCEPTIONS IN IE1 TRENDS

NOT SHOWN IN THIS PLOT. DUE TO THE SPECIAL
STABILITY OF HALF-FILLED np SUBSHELLS IN

ATOMS ( WE WILL ONLY WORRY ABOUT N vs O)




b. TRENDS FOR IE1 OF MG I )
Iﬁd ELEMENTS DOWN A COLUMN

OF THE PERIODIC TABLE

N 13m0

L 52 ?- .,mapm(e.,,, L)

W\A 495 & Ifl Lowssy
EL 4&';% g r("’ CS)
05 136 * SHEL, NUMBER

0L MucLeae Cuarge , 3

THUS, AS THE VALUE OF n
¢ & INCREASES, THE OUTERMOST

Ro6N ELECTRONS BECOME LESS

)
TIGHTLY BOUND TO THE ATOM.
X7 A TRENDS DOWN A COLUNN: ( AS Sheil

WSHLi>Na>K>Rb>Cs

/

Wiutes
RCTons Wrre Vg 18, Vavugs !

O SBOWD LiMm3Bin e WAS
T WewtsT I, oF ArY NEvtaL atom |
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PLOT OF IF1 OF GASEQUS ATOMS
AS A FUNCTION OF ATOMIC NUMBER
A(g) -===-mmmem- > A(+) +e(-) AE =IE1
SRELE gl
=7 » He ' p‘

B Group 1A(1) T N
“ -~

: , 5] Group 8A(18)
2000 — ‘
x,,'a;' F

S
£
2 At
5 1500 i K
ey b ! it e \n
[ ] c 4 i
. i Rn

500, %
- Li

First ionizatiol
)
o
o
|
: .

L
Rb] g
0 I I I | I 1 ] I
10 20 30 40 50 60 70 80

Atomic number, Z

Fig. 8.17 A plot of IE1 VS ATOMIC NUMBER
- FOR THE ELEMENTS OF PERIODS 1-6

SHOWS A PERIODIC PATTERN: THE

LOWEST VALUES OCCUR FOR GP 1

METALS AND THE HIGHEST FOR THE
NOBLE GASES. NOTICE THE "FUNNY

BUSINESS" IN Bevs B and N vs O.

Yigrs Tt JE, Vavis Fur T
' ST

Coo b GWER  Sneuy (we1,2.3. - dde)=

TTESTING T "WEIA  FSpscibuy STa@lt
f\fctaodiC, GRurD  STaTES




SIMILAR PLOT OF IE1 VS Z

SHOWING DIFFERENCES
OF IE1 WITHIN COLUMNS

(FAMILIES OF ELEMENTS)

*NOTE THE UNUSUALLY
HIGH IE1 OF ATOMIC N,
ARISING FROM THE

SPECIAL STABILITY OF

ITS HALF-FILLED 2p

SUBSHELL




SAMPLE QUESTIONS:

PREDICT WHICH ATOM HAS THE

LARGEST IE1 VALUE (THIS IS THE
ATOM THAT IS MOST DIFFICULT

TO IONIZE)

W B, O, o®

- e~

PGuist  Varve
oF ’%
(ii N, P y Or AS
Lowtst
Vawt of
Nn
(iii)C, N, or O (careful!)
P
LSPéciaLy SMGLL NS0, orE  Mmay
ARpmic N“’ ) TE, of ATomi O
G\ves T ™ ¥ Aummq LowW
ad  UriisuaLy Beanst (g
Meb TE, Varvl LastS AN iucw T

PNep uLT O pal

gl Egetcuy S'MQ HALF-Fus>
A vasven » Lk hevtaaL P |



IPap, % COMPARISON OF IONIZATION —l
=== | "* ENERGIES OF CORE AND
VALENCE ELECTRONS

EXAMPLE: Na and Mg
(VALUES IN kJ/mol)

IEn n=1 2 3 e

Na (‘496 [4560 ...
[Ne]3s

Mg 738 1445] 7330
[Ne]3s* |

NET RESULTS:

Na(0) ------- > Na(+) + e(-) ; IE1 %lct M&E oy

Na(+) )<> Na(2+) + e(-) ; IE2 Jo%

Mg(0) > Mg(1+) + e(-); IE1 | RémomL o
VALtice e~

Mg(+) -=----- > Mg(2+) + e(-); IE2

Mg(2+)--> Mg(3+) + e(-; IEs oo



- &

CONCLUSIONS:

IONIZATION ENERGIES FOR
REMOVAL OF CORE ELECTRONS

ARE SO HIGH THAT THE MAX
POSSIBLE O.N.'s OF AN ATOM
IN A CMPD NEVER EXCEEDS ITS
"GROUP LY NUMBER"

1A 2A 3A 4A 5A 6A 7A 8A
N=5 RbSrin SnShTe | Xe

MAX
O.N. +1+2+3+4 +5 +6 +7 +8

= )

(HOWEVER THE IONIZATION \

VALENCE
F THE FOLLOWING
ATOMS ARE SO HIGH THAT THEY
_NEVER ACHIEVE MAX. O.N.'s
IN COMPOUNDS:

HelO. F \WNe, Ar, Kr T O\ MiJ‘f\oDu-
~> B )
EXAMPLES: weere T gL

O+ F!

(1/8) Ss + xcess F2----->SFe
BUT O2 + xcess F2 - >no rexn (20°C)

Xe + xcess F2 -==--- > XeF2(20°C, sun)
BUT Kr +xcess F2 ---->no rexn (20°C)

e & . L Mayx 0N AF FLowiit
P Somtorng WYL (Y DLfen!)



DEMO FINALE

FOR SPRING
BREAKI!!II
~ACETONE PEROXIDE BATTLES
L&T'S FLAME AND GLORY,
Wa IGNITION OF A TRAIL OF
‘TDAT ACETONE PEROXIDE MEETS
WY UP WITH A BALLOON
Gﬂﬁi" | CONTAINING TRIMETHYLBORATE
W“'I’ AKA, OUR RATHER WIMPY
l VERSION OF THE' "GREEN DRAGON"
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2%, HAVE A FANTASTIC
ML BREAK!I SOME OF
peaT G YOU MIGHT EVEN

N Ko™ "THINK GOOD
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