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3.091 Fall Term 2008 Final Exam Solution Outlines page 2

Problem #1 (22 points)
Answer the following questions about

hydrogen peroxide (H.05).

(a) Draw the Lewis structure of H20». (b) Draw a 3-dimensional representation of the molecular
geometry of the molecule.

Tor=d \
Oz H 3 /o \ /H
b ‘\c?

.H

3

(c) Name the geometry of the electron distribution about the oxygen atoms.
1 TER 2 he 6{}"@(

(d) Determine the per cent ionic character of the O-H bond.

3 X"‘Sff-f 7({/:23«'9 oo AX:. (2 =D % Jono chate ctet S
0
[r-gpt—% (AL TS [xm0 £32%

(e) Is the molecule polar or nonpolar? EXplain.

. ﬂoﬂ/)oér/r— Symmed - A ? dp@ o
(f) Is it chiral or achiral? Explain.
. Oeluref — <ymmefic 2?4 77 2 7on eond

| s
(g) Calculate the maximum wavelength of a beam of fieutrons capalfl¢ of breaking the O—H bond in
H»0,.
DATA.: Average Bond Energies (kJ/mol)
0-0 142

H-H 432 //2. -

=y )5.0‘ Ly +%-5/)£0—)54)i @z)_.ﬁ% +‘§3é2’fd

= 208 + (78 =396 KT /ol /4y, =657 x0T/ Yord

2= 2— A
E}ksm@,':_ﬁ—-—- é__-—- = EW :>>\: . ey 5
e | DR (2n€)
- & .6)00'57 —/7)'4, P, 0""/ m
)

& M:—(z}( LGT WO~ X 67K S

(o)}




3.091 Fall Term 2008 Final Exam Solution Outlines page 3

Problem #2 (4 points) % 9
<

The crystal structure of cesium chloride (CsCl) is shown "
in the adjacent figure. The dark spheres represent atoms of Cl.

(a) Name the crystal system.

o bedug .

(b) Name the Bravais lattice. e .’

L gk Cubic =
(c) Name the basis of the crystal structure and indicate the basis by markup of the figure.

» (¢ ¢ Ot

Problem #3 (8 points)

(a) Sketch a fragment of the (011) plane in tungsten (W) to show the arrangement of atoms, which are to

be represented as hard sphereg—__ — ’1
5 8 Y AR e (
U K % v e
- 7

\o> Y\ ("{1

"\ S
(b) On the sketch yLve dr in answer to part (a), draw and label all directions along which slip
)L occurs and name the family of directions to which they belong.

(F8]

(c) Calculate the atomic packing density in the (011) plane of W. Express your answer in units of
atoms cm .
3 Wo. M/a@z ::(4‘744_\{—\ =
< I Y
oALR ‘-’f— e = ax\2a = 3 -C 2

\i
Qeve Z =Ny _sa 2 Yodor
S Na, ,)
0 L = = = Y= = 2 Vi O tonel -
Y M Jn’l @:C{_z' CE)-‘GY‘O—S)L L4200 A’“‘L
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Problem #4 (22 points)

The skeletal structures of the two amino acids, glycine and glutamic acid, are given below along with the
values of the relevant acid dissociation constants (pK).

Y i
Vel ~

( ); © pK, =407

(l’H:
~ H3N +CH3C02_ A (I‘.Hg
K,=9.78 K, =235 _
g g’ ~ H.N*CHCO,
PR, = 947 pK, =210
glycine (Gly) glutamic acid (Glu)

(a) For an aqueous solution of glycine (Gly) alone, calculate the value of pH at which the ratio of the
concentration of neutral glycine zwitterion to the concentratxon of deprotonated anion is 107

W= HT A pf= 4*?@
2K = WA

LWL
« pley= A~

=?ﬁr/g,, (f0+)
Vs =278+ ¥
)

(b) Draw the skeletal structure of glutamic acid (Glu) when it is solvated in an aqueous solution under
each of the following conditions.

(i)pH = 1.5 (iiypH = 14 (iii) pH = pl, the isoelectric point

QS Q@o

Crookt \
o&
&, Q)ch,

\ ,
ok, Q,H«l/ Q’H‘L \

\
‘@(&_\moou LNCACOo™ \Jf N QHQ@O W



3.091 Fall Term 2008 Final Exam Solution QOutlines page 5

Problem #4 (continued)
(c) Calculate the value of pH at which glutamic acid (Glu) exists as the neutral zwitterion.

ﬁé&me%odufzm\ W"%Aljvau/p/ cArig met le G e
w-a Valte bficen pre veles 4 7 T 7en (oo~ P8
‘:/Z:: 4:017‘2’0 5#

(d) Draw the skeletal structure of the dipeptide, Glu-Gly, when it is solvated in an aqueous solution of
extreme acidity, i.e., pH < 1.

ool

Hf;’;‘;o /Jf/)
3 " &
ﬁﬂccﬂccm{

!

(e) The figure below shows various features of the tertiary structure along a length of protein in aqueous

solution.
\

(2]

[w]

1
For each of the following changes from the conditions that sustain the structure shown above,
(1) identify the numbered site or sites at which the tertiary structure is affected and
(2) explain the potential impact on the conformation of the protein.

@ increase in pH '\ f_k o. );.,f# @il Canedo %ﬂf" 70 akp)zﬂbm
v de0rme )Emﬁ'ae =5 640753@756 &mmﬁ Wiy be

3 Heustel g bond wY be mbes, & chan o ra %
CnChained 2] ine, d pt wil) cande OH 7 depystonatt ...

@ increase in concentration of detergent@ ne. M de.?ﬂ iﬂ; ‘UIV/
el o Pre 'ydrqodoé-tﬁuq‘ “ Qi ap 7 A8
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Problem #5 (9 points)

(a) Methyl methacrylate (or methyl 2-methylpropenoate in proper [IUPAC nomenclature) H E
is the starting material for the synthesis of poly(methyl methacrylate) (PMMA). The
molecule is shown at right. Draw a segment of atactic PMMA showing I

five repeat units.
p oc{-l:,) o /o:'.H-_,> . OF

o)
3 S’ c N ol
I Iy \ \ W ( \
-¢c——C-<c¢—no0uQe—<—~0¢c— C¢—-a
v \ 1\ Y )
\ CE—:. \ //Q_\ :
o? o Dy,

(b) Calculate the molecular weight of PMMA for which the degree of polymerization, n, is 3091.

*Mw of M4 (C d0,)] /o _
xziui-eﬁg (@) '°/Mﬁofwj ) ner)

(%6 = 4 =07 % g

by 2=32 = Z.66 ;(/0{ ol
g6

(c) Classify PMMA as either a thermoset or a thermoplastic, and with reference to its molecular structure
assess its recyclability.

; ﬂmpf%c oy van dey Qaalc by
ott Aoy FosTooy~ = Tl Dpreedling
Foutitts
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Problem #6 (9 points)

Sketch the unary phase dlagram (pressure vs temperature) of 10dme (I). Indicate the normal melting point
(P =1 atm), normal boiling p cnt:cal
diagram one example of eack (i

coexistence. For clarity, do not draw ™o scate:

triple point: P=0.12 atm, T = 113.5°C
critical point: P =115 atm, T = 546°C

T

pressure (atm) ==

O.(2 7T

| ( . l
L\ temperature (°C) —b\

U5S wery e b
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3.091 Fall Term 2008 Final Exam Solution Outlines page 8
Problem #7 (5 points)

(a) The lipid, trimyristin, (chemical formula given at right)
is added to a beaker of water (at neutral pH) in sufficient l
quantity to enable interaction between lipid molecules. CH3(CH,);,COCH Trimyristin
Draw a schematic representation depicting one possible Q
molecular arrangement that results. You may stylize the

trimyristin molecule, e.g.. WAAMAAS for a carbon chain. /f ; g

(b) To the beaker described in part (a) an equal volume of carbon tetrachloride (CCly) is added. The
CCly — H2O mixture containing the trimyristin is then subjected to vigorous agitation for several
minutes and then allowed to equilibrate. Draw a schematic representation depicting one possible

molecular arrangement that results. The values of density at room temperature are 1.00 g em™ for
H>O and 1.58 g ecm™ for CCls. Assume that CCly and water are mutually immiscible.

T
) CH>OC(CHs);2CH;

Il
CH>OC(CH,);2CH




(%)

(U]

|5}
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3.091 Fall Term 2008 Final Exam Solution Outlines page 9
Problem #8 (18 points)

The phase diagram of the binary system, gold-nickel (Au - Ni), is given below.

%
1500
/1400 //4
Liguid Fad
1300 £ Pl ol
7’
Y
, ol .
=P AuN/ _‘ €
//OO @ i Va 'JIJ ‘9
1067\ | ¥ v VL
1000[-g 950° A —=1==
R SN .
Solid Solution
900 5
800 Y s i
700 ? \
600} \
| A
500} AuN;
F H ‘_AUM \
e i ; change
JOO : —— ._._]:—’?% i— -—_.-—-ﬂ. - -.—PY_
A 0 /0 20 30 40 350 60 70 &0 90700

Wt % Ni

(a) (i) Name each of the lines labeled on the diagram above, and, for each, (ii) write the equilibrium it
represents.

® Se/e< S= L+4

CQfictey  S= <F A

ij?,ab&&f /g: £ L

(b) At each of the temperature-composition pairs labeled on the diagram above, (i) identify all phases
present at equilibrium and (ii) give the composition of each phase present, expressed in wt % Ni.

s 5 XS SwtXNi G = E17Nr
e (- ¥ 49

el X= otk L= AR
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Problem #9 (11 points)

(a) Draw a cartoon depicting the device that generates x-rays. Label the following features: vacuum tube,
cathode, anode, target. Indicate on your drawing the emanation of x-rays.

Qal/q%ﬂ € %«/[[l umTu éQ
’ node

I
rgd x-1e omandl’

(b) Rontgen’s gas discharge tube was highly inefficient and unsafe. Among the modifications made by
William D. Coolidge (MIT class of 1896), were the following: @ vacuum tube instead of tube
containing gas; and @ water cooled anode. Describe how each modification represents an
improvement over Rntgen’s device. In your answer specify the problem addressed by the
modification and explain how the modification overcomes the problem. S

e Toud =2

o geetind Collictod o Pad Mobocultd
@f %wuc? => hcuum #ube elpminated

7@ problo a7
'j?i Tho Toioa /Ma/ 5 & afd nter—
Z; V;L water @Y ) o ol

o cmc/—mocmﬂy.

(¢) The Duane-Hunt Law calculation gives a value of 0.666 A (6.66 x 10™'" m) for the shortest
wavelength produced by an x-ray tube. What must be the value of the plate voltage under these
circumstances?

>\._ (200 . V= (2900 (%700

'

(/" A ©éés

— (&Kl
= /& 6 K i3
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Problem #10 (5 points)

Give the rotational symmetry of each of the following patterns Express your answer as n-fold.

9 4-fold 8 3-fold
Problem #11 (5 points) hae ‘4
Magnesium phosphate dissolves in water according to _— K ’ = /:/J

Mg3(PO4) =‘-§F,Mg2*(aq) + 2P0 (ag) — Kyp=1.11x10% at25°C ] |

Calculate the solubility of magnesium phosphate (Mg3(PO,),) in a 5.55 x 107 M sodium phosphate
(Na3POy) solution. Express your answer in moles Mgs(PQOy), per liter of solution (M).

G= /4TI {=shbiiy=4=5 1]

Tl P% 5705 :(-— S'sgm =

(alc = &= S//)(’O "’/9{

. H
/ AR,
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Problem #12 (10 points)

(a) The diffusion coefficient of oxygen in silicon, Do, has been measured to have the following values:

Do (em?s7™h T (°C)
99 5 16! 1100
14x107° 1300

Show that in order to increase the value of Dg by a factor of 10x greater than it is at 1300°C would
require raising the temperature above the meltirE gz'nt f silicon.

, =dep-Q = Frol 1ot which D="J0X T 3.0

- o
sk i PBI3 _ {.L-—.:KU—)—

pad 1o 7 W Vet §&Y >, e gzxw

Rg73 o
= = A0 '-e/lf @/’_‘WS
- &2
R/§73
—Q
R{Zuo _i.c';sk)
&3 (Jul0 - Z5%52) = e §

(b) Make a crude estimate showing that it is feasible to remove oxygen from a silicon ribgon of thickness
0.1 um by exposing the ribbon to vacuum for 10 minutes at a temperature of 1100°C.

—3

-
)(?',’:’/)f — 9%!0‘% X6 = S22 X0 Ol

3 S Y = 2.35K0 e = 2.;;“% = o.//um
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Problem #13 (10 points)

page 13

In this question you are going to be asked to draw a cartoon that illustrates bonding differences between
HI and HF and explains why one compound has a higher boiling point than the other.

(a) Before you begin drawing, state the most important scientific idea that should be included in your

cartoon to communicate these bonding differences.

(b) Draw a cartoon illustrating bonding differences between HI and HF and explain why one compound

has a higher boiling point than the other.

6 (i) Incorporate the idea you cited in answer to part (a).
(ii) Label all operative bonding.
I (c) Circle the compound with the higher boiling point: HI HF
Grading Scheme
MIT / 3.091 / Fall 2008
Chemical Bonding
10 points possible
Points Points
Earned | Possible
I | Text response: the most important scientific concept that
must be included in the drawing to explain the science
3 points = relative inter-molecular bond strength determines which bond 3
is stronger and a stronger bond equates to a higher boiling point
1 point = secondary bonding
2 |Is the compound with the correct boiling point identified?
1 point = earned ONLY if text response is valid 1
3 | Graphical representation
6 points = Relative strength of secondary bonding correctly depicted
4 points = Secondary bonding depicted w/out relative bond strength but 6
multiple molecules ARE shown
2 points = Secondary bonding capability depicted w/out multiple
molecules shown
Total points 10
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Produced by Kenny Mandel ( ot (
Polymers: n = polymerization index
MWiayme= n(MWie)
Primary bonds:covalent, secondary:VanderWaals
Partial xtalinity: xtal regions w/i polymer
Architecture:
1) Composition: homopolymer-same unit
Copolymer: block-AABBAAABBB
Alternating- ABABABAB
Graft: AAAAA-BBB (sidechains)
2) Tacticity: where side groups are.
Syndiotactic-alternating
[sotactic-same side
Atactic- Random
3) Linear vs. Branched vs. X-linked
Linear, isotactic, homopolymer is most crystalline.
Linkages: disulfide bonds—>elasticity
Synthesis:
1) Addition: Free radical makes mers bond
2) Condensation: R-OH + H-P - H,O+R-P

BioChem: Proteins, Lipids, Nucleic Acids

Cometren awa

G

H—Ni—i—'é—om
Amino Acid: mer of protein:

Have Chirality: L (cew) vs. D (cw)

In Solution: "H3;N-CHR-COO" > zwitterion

Low pH- HAH"™ High pH- A

o il L7 PV R
K=l PP HA
!’I:P‘\ar PK,;

2
Protein Structure:
Primary: AA sequence
2ndary: packing: alpha helix or beta sheet
Tertiary: conformation S-S linkages 'j
Denaturing: temp., pH, ox/red, detergcntg‘o‘ -
Phase Dmgrams L, I, Il in that order hy jh

Tym LL-.-/JW,A...Q -

_.,, \ - Comils wdrs
\ water /

vapot

YATe
/i v“‘mﬂ:‘uma{c
l o 5. toandaby T

4.

S8y

2!
2

plmomentum),,.,.. =

Bound Electrons:

h
ApAx 2 ——
B r

1 -—
Es Eoz—z ,Eo=13.6eV
n
=my= A

P 2
Unbound Electrons/Protons/Neutrons:

| . & -——>PARTICLES ONLY
Kinetic - Energy = —mv' = ——

2 2mA’

h

p=mv=-
A‘.hﬂ'-val.r

l,m ~lf-¥
| Electron Model:
Z' | Ep=13.6eV

Ewa=Ey—
r= ";'" ,a, =.529 Angstroms
-..P_—.._/‘—'—‘---.______v - .
W\ nf Y
.tlii_.fp;o g o ot "Ego 440, ( e

1~ A i }'x

g./ Rl e it ;,{

N

il 5.6 lo,
IO e l/[ L’EL&( 1

o
:f 1 ;
AE =-EZ [E_T}E“ =13.6¢¥ ;
;: [, S T
s kc-,,z[..‘_L} - e ect o
ny n 4%
AE = hc { }" .I,. f\.\..f 3
’lu-mm' - photon )
" o
Rhe =2.18x107% ) 1 L
Bonding: TR
ﬂMM N

b = repulsive force, n = borne exponent, b =
I

r

ig’L

f’ﬂflf{m sl — ~ 1’\2
- T’ y
 aten ,umﬁ (mju

Normalize these values (divide all values by the

smallest gin? @ value)

3. Clear Fractions from normalized column. These

are h? + k¥ + P values.

hA:

Uind

4, Speculate on what values of hkl make h® + k* +
I* = normalized column (i.e 3 is 111, 4 is 200,
etc.)

5. Compute ., foreach datapoint. Ifall of

Wakiel

these values are identical, you are correct in hkl

assumptions.
SC:h+k*+=1,2,3,4,5,6,8 (NOTE:no 7)

BCC: h+k + | =any even number, h® + k> + P =2, 4,

6,8,10,12, 14

constant FCC: h, k, and | are either all even or all odd, h* + k* +
2
=20 ,_ 1 5 1°=3,4,811,12,16
Bl 41'5.5“_ ) SR Band Theory:
Lattice Energy = —M2:8- Ny _1, oo
dreyr, n Intrinsic (pure): n = p
E_, = /E“ “E, +963(z, -I,): Extrinsic (impure): n 2 p
; 2 VSEPR:
lonic C} =1 -0 )x100% v _
a.n,m I(fmmr ( i )x o Vertical Axis: Electron Domains
Visiblz Light. 400 to H0am Horizontal Axis: Non-Bonding (NB) Domains
Test2: .
e ) Test 3:
Lattices and tals: _ Defects:
_[hkl] = Vector, <hkl> 2> VectorﬂFarrEly, % 0D- Point Defects
i.e. <001>=[001][010][100] {00 T)[0T0](T00] Substitutional- the wrong atom, but on a lattice point
(hkl) = Plane, {hkl} = Plane Family, Interstitial- any atom not on a lattice point v
i.c. {001} = (001)(010)(100)(00T)(0T0O)(T00) Vacancy- No atom at the .lal_ticc.sitc 1 'C\J _ v H“T
Note: Vector [hkl] is the normal to plane (hkl). Schof[ky (IOchOOnty)- fisaine mt{] Dt Z %
> Distance between planes Frankel (Ionic Only)- wrong site for an ion
dy= e 1D- Line Defects
Ji kP Dislocation- “Line of Vacancies”- This is the
Lattice Constant =a = yom where mechanism for plastic deformation.
[—f,—*'—] 2D- Plane Defect
Y fvaguden . = &
= Grain Boundary- Edge of each individual crystal-
x={1for5C,2 ﬁ.Jr BF:C' ey ‘botlmdnrics nr?;sl diilocations“ L
(;éogcit{gzﬁ}]ccd Direction: SC=[100], BCC=[111], 3D- Precipitate/Inclusion
. : Insertion of a separate crystal into the latucc
i -Centered Face-! o
Unil Cel Voluma sm:f o era? __aoe,(;mxgr:? Vacancies, Dislocations, Grain Boundaries=>
Lattice Paints Per Cel 1 2 4+ increased diffusion .
: X a3 a Grain Boundaries— Improved Strength of material
Mckipet i o 3 2z 2 Elastic Deformation: Bonds Stretched, no permanent changes
Number of Nearest Neghbors ] 3 12 Plastic Deformation: broken bonds, moving atom planes
Second Nearest Neighbor Distence 3.2 a 3 Glasses:
Number of Secnd Ralghbors 12 : ® _short range order, no long range order
=4 2.;2‘ -factors favoring glass formation: Viscosity,
odr e ;7: Complexity of Arrangement, Faster Cooling Rate
_'ff‘.“rlgu% ——— Networks:
— Formers: Covalent network with oxide bridges (Si10,,
GEO:_. BzO;)
(5 | | -Insulating, Colorless
Modifiers: (L1,0, CaO, MgO) Ionic Oxides.
o . -Introduces O™, scission of oxide bridges
[/ ‘ Intermediates: Covalent Oxides with Different
- Coordination #s
-Disrupts packing — thermal shock resistance
- by | Strengthening Glasses: Thermal or Chemical
| Treatment:
-Thermal: surface compressed, increases tensile
X-Rays: 0c M l.g(l/{tl strength ’
Mos;c :,‘.S Law: sigma = 1 for -Chemical: insert larger molecules—=>tenses
¥ “hmetn flERT {Z—o‘)}’ material =’ stronger
i S
c s =74 f % Kinetics:
K, sigma=14for L, L X de . ,»n=order of reaction, k prc.{ac[or o e
Simplified Mosley’s Laws: : G 4 e U“ / 'JL VL
I---"(s 178 x10* 2 -1) —-L(lj"d*lu Yz-74) k = Aexp(~E, /k,T) ’
12400 X , 1 angstrom = 107" meters Ifn=1, ln(c) lﬂ((,‘n) kf }
dwy = —————angstroms
Voltage If Lo _.
Bragg's Law: 1.pn =2dsin@, where n is a positive n=2, . +kt =
integer and d is dyw, found in above formula. TR ‘i i e ‘x i f
“Sadoway’s Five Step Program for Determining EIASC' nr=Incrninc 2l l ]‘
Crystal Structure:" (Heavily Paraphrased) _D’_er‘—‘ e 5 l’? s
1. Start with a set of 2 values and generate Fick’s First Law: J= ‘Df- D =D exp(-O/RT)
X
sin? @ values. ~n g L.
2 L €7 whal s fug

ol




Relative
Quantity Symbol Value Units (SI) uncertainty
ppm

1 Speed of light in vacuum c 299 792 458 ms~" exact

2  Permeability of vacuum Mo 47 %107 N A-2 exact

3 Permittivity of vacuum £ €0 = 1/poc? 8.854 187 817... x10712 Fm™! exact

4 Newtonian constant of gravitation ' G 6.672 59(85) x10~!! m? kg=! 572 128

5 Planck constant h 6.626 075 5(40) x10~34 Js 0.60

6 h-bar h=h/2% 1.054 572 66(63) x1034 Js 0.60

7 Elementary charge(,; | dro | e 1.602 177 33(49) x1071° C 0.30

8 Electron mass L Me 9.109 389 7(54) x10~3! kg 0.59

9 Proton mass mp -, 1.672 623 1(10) x10~27 kg 0.59
10 Neutron mass my | 7" 1.674 928 6(10) x10~27 kg 0.59
11  Avagadro constant Na, L 6.022 136 7(36) x10%® mol~! 0.59
12 Atomic mass constant my 1.660 540 2(10) x10-27 kg 0.59
13 Molar gas constant R 8.314 510(70) Jmol~! K-1 84
14 Boltzmann constant k=R/N, 1.380 658(12) x10~28 JK-! 8.5
15 Molar volume (ideal gas), STP Vin 0.022 414 10(19) m® mol~! 84
16 Faraday constant F = Npe 96 485.309(29) C mol! 0.30
17 Magnetic flux quantum ¢ = h/2e 2.067 834 61(61) x10~15 Wb 0.30
18 Bohr magneton up = eh/2m, 9.274 015 4(31) x10~24 J =L 0.34
19 Nuclear magneton px = eh/2m, 5.050 786 6(17) x10~%7 J Tl 0.34
20 Fine structure constant a = pgce®/2h 7.297 353 08(33) x10~3 0.045
21 Inverse fine structure constant - l/a 137.035 989 5(61) 0.045
22 Rydberg constant ?J Ry = meca® /2R 10 973 731.534(13) m™! 0.0012
23 Rydberg constant in eV, h Reche/{e} 13.605 698 1(40) eV 0.30
24 Bohrradius 5/ A ap = a/4w R 0.529 177 249(24) x10-1° m 0.045
25 Quantum of circulation h/2m, 3.636 948 07(33) x10~* m? 57! 0.089
26 Electron specific charge —e/m, -1.758 819 62(53) x 1011 Ckg! 0.30
27 Electron Compton wavelength Ac = h/mec 2.426 310 58(22) x10~12 m 0.089
28 Electron classical radius e =ateg 2.817 940 92(38) x10~15 m 0.13
29 Electron magnetic moment Le 928.477 01(31) x10~26 JT! 0.34
30 Electron mag. moment anomaly Qe = pe/ps — 1 1.159 652 193(10) x10~3 0.0086
31 Electron g-factor ge = 2(1 + @) 2.002 319 304 386(20) 0.00001
32 Muon mass m, 1.883 532 7(11) x10-28 kg 0.61
33 Muon magnetic moment fom 4.490 451 4(15) x10~26 4 i 0.33
34 Muon mag. moment anomaly a, = [p./(eh/2m,)] — 1 1.165 923 0(84) x10~3 7.2
35 Muon g-factor gu =2(1 +a,) 2.002 331 846(17) 0.0084
36 Proton magnetic moment Hp 1.410 607 61(47) x10~26 3Tt 0.34
37 Proton gyromagnetic ratio o 26 752.212 8(81) x10* Tt g~ 0.30
38 Neutron magnetic moment Un 0.966 237 07(40) x10—26 JT-1 0.41
39 Stefan-Boltzmann constant o= (72/60)k4/R3c? 5.670 51(19) x10~8 Wm2K* 34
40 First radiation constant 6= 2rhe® 3.741 774 9(22) x10~16 W m? 0.60
41 Second radiation constant c2 = he/k 0.014 387 69(12) m K 8.4
42 Electron volt eV =(e/C)J ={e}J  1.602 177 33(49) x10-19 J 0.30
43 Atomic mass unit u 1.660 540 2(10) x10~%7 kg 0.59
44 Standard atmosphere atm 101 325 Pa exact
45 Standard acceleration of gravity On 9.806 65 m s™2 exact

Notation: 1.602 177 33(49) x10~** C means (1.602 177 33 % 0.000 000 49) x10~1° C

C=As F=(C/V)=m™2 kg~! s* A? Pa=Nm2=m"?! kg s-2 T=kgs?A™! W=Js!=m?kgs
Wb=Vs=m’kgs?A Fm'=(C/V)m'=m3kgls*A? Ts=kgs!A~! JT'=m?A
b e R ’ R 32 1T
{) 177 j _ N
|‘J. _‘/ ) / sasmy = -;I“— ‘;”_



Prefix | Exponent | symbol || Prefix | Exp. | symbol || Prefix | Exp. | symbol || Prefix Exp. | svmbol
deci -1 d deca 1 da centi -2 c hecto 2 h
milli -3 m kilo 3 k micro -6 7 mega 6 M
nano -9 n giga G pico -12 p tera 12 T
femto -15 f peta 15 P atto -18 a exa 18 E
zepto -21 z zetta 21 Z yocto -24 y yotta 24 Y
Note: “giga” is pronounced with the first g soft, the second g hard, as in “gigantic”.
Metric Prefixes
unit unit definition
name symbol | of
meter m length The length of the path travelled by light in vacuum
during a time interval of ! /299 792 458 of a second. [1983]
kilogram kg mass The mass of the international prototype of the kilogram. [1901]
second s time The duration of 9 192 631 770 periods of the radiation
corresponding to the transition between the two hyperfine
levels of the ground state of the cesium-133 atom. [1967)
ampere A electric current | That constant current which, if maintained in two straight parallel
conductors of infinite length, of negligible circular cross-section,
and placed 1 meter apart in vacuum, would produce between these
conductors a force equal to 2 x 10~7 newton per meter of length. [1948]
kelvin K temperature The fraction ! /273.16 of the thermodynamic
temperature of the triple point of water. [1967)
mole mol amount The amount of substance of a system which contains as many
of substance elementary entities as there are atoms in 0.012 kilogram of carbon-12.
When the mole is used, the elementary entities must be specified
and may be atoms, molecules, ions, electrons, other particles,
or specified groups of such particles. [1971]
candela cd luminous The luminous intensity, in a given direction, of a source which emits
intensity monochromatic radiation of frequency 540 x 10'2 Hz
radiant intensity in that direction of (! /683) W per steradian. [1979)]
radian rad plane angle 1/27 of a circle
steradian sr solid angle ! /47 of a sphere

The radian and steradian are not properly base units, they are usually considered to be derived units,
(m - m™') and (m? - m~?) respectively. They are of dimension 1 and may be omitted if they are not needed for clarity.
SI base units

from to S.I.  multiply by from to S.I.  multiply by

inch m 0.0254 foot m 0.3048

BTU J 1055 cal J 4.186

ounce (mass) kg 0.02835 pound (mass) kg 0.453 592 37
horsepower W 746 mph ms~!  0.44704

mmHg Nm~2 133.322 psi Nm~? 6894.76

fluid ounce m? 2.957 353x107° | pint m? 4.731 765x10~*
gallon m? 3.785 412x1072 | °F °C tc = (5/9)(tr — 32)

English to S.I. Conversions

References:

“Guide for metric practice”, Robert A. Nelson, Physics Today, August 1993, pp. 15-16

“Symbols, Units, and Nomenclature”, E. Richard Cohen, Encyclopedia of Physics, pp. 1217-1232

“Symbols. Units, Nomenclature and Fundamental Constants in Physics, 1987 revision”, E. Richard Cohen and Pierre Giacomo,
Document I.U.P.A.P.-25 (SUNAMCO 87-1), Physica, 164A, (1987) pp. 1-64

“Guide for the Use of the International System of Units”, NIST Special Publication 811.
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Lecture 1 — Sept 9:
e [ntro.

Lecture 2 — Sept 11: PERIODIC TABLE, ATOMIC NOMECLATURE
e  History of the Periodic Table
o Atoms - Dalton (1803) (nearly got it right) — pg 14-13
= Dalton’s Atomic Theory
o Mendeleyev (1869) = predicted “missing elements™ and their propertics
e Structure of the atom

7 o Electron (¢), proton (p’), neutron (n°) see table below
L,\jO ql — . S
! .‘ ,,,,,
'{z‘: StAY Dmmms] an gkiront
):\ e [ ~ i Il\myw;r;'l—i
l [M o ! _‘ r'm umuv: ;‘— % ~'r-\|

'l 1 Angstrﬁml-amnmpﬂ.
<p Lipn GYE o Electrons are tiny (~1/1830 the mass of a proton), but their orbital’s take up a lot of space,
( the nucleus is tiny.
’ * ') ?
‘ (4 : ; A
K i ¢ Method of labeling elements: ;X'
" n e rnll
(Al / \,::"' riz" i n o A= mass # ~= # nucleons(protons + neutrons)
o Z=proton # (defines chemical properties. An clement’s “social security identification #)
I(f o A.Z are integer numbers
i 23
il go o ex.;Na
‘l"‘(ﬁ‘ PTRRA e lons
h 7 [ o positive (+): ¢ deficient = cation (“paws”itive = cat... meow)
i o negative (-): ¢ rich =anion (extra ‘n’ = negative
Min o ({ﬁfnmf 2 © (exctre gative)

o Molar masses
o ‘Relative” masses of cach element determined by mass spectroscopy, average elemental
mass amongst its various isotopes
e Faraday’s const (F = 96.485 C/mol)
o “Oil drop experiment” (Millikan) = ¢=1.6x10"C
o  Electrochemistry: Ag” + ¢ =2 Ag".
= Counte (=n,,). Weigh Ag. Determine mass per atoms
= From ‘relative mass’ values, we now know atomic mass of cach element
e Avogadro, Ny, = 6.02 x 10> moles :
o Simply for convenience (easier units that 10* atoms)

o Defined such that 1 mole of ](:“C weighs 12g

e Chemical Reaction Equations
Write out a balanced equation
convert mass to moles
determine limiting reagent
calculate amount of product
o] ex. TECIJ(S) +2 Mg(g] = ENIgCllm -+ Ti(;)
s Isotope calculations (iso=isotope)
o X(mig) + (1-X)(Mjse2) = My, solve for X. 1f X>0.5, isol is more abundant.

R e
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Lecture 3 — Sept 14 — MORE HISTORY
e  Structure of atom
o JI Thomson (1904): “Plum Pudding”
= ¢ ‘s distributed uniformly throughout an atom
o Ernest Rutherford (1911): “Nuclear Model™
= Conclusion from gold foil expt
= Majority of mass is found in the nucleus (r,ucjew/Taem=1/10,000)
= ¢ orbiting around nucleus
o Niels Bohr (1913): introduces quantization condition
*  Nceded to explain blackbody radiation and atomic spectra
= Postulated
e ¢ follow circular orbits around a nucleus
e Orbital angular momentum is quantized, hence only certain orbits possible
e ¢ instable orbits do not radiate
e ¢ change orbits by radiating or by absorbing radiation

Lecture 4 — Sept 16: BORH MODEL
°  Bohr Model
o Developed for H-atom, applicable to any one electron system (e.g. Li*’, etc)
o Quantized energy states (n=1,2,3...)

an’ g hZz

o r(n)= —, EL_,.W”,”” =-K = vin)=———

/ : n° 2mna,n
o a,=borh radius = 0.529 Angstroms =0 ——
o Z = proton number . ’
o ¢= elementary charge Ev=-K77/9 n=3
o m=massof ¢ i
o h=plank’s constant L=-KZ74 n=2
o n=c¢ principal quantum number
o K=aconstant = 1.312MJ/mol = 13.6 eV/atom -
o 1eV=1.6x10"] i o=

e Encrgy Level diagram
o E=0at n=infinity
o = E, = ground state cnergy, when n=1 (c.g. &, =-13.6 ¢V for H)
o Spectrum from cathode ray tube with known gas

e  Stimulated emission
o Photons: E,iem =

ransition + E.\L‘;llh.‘h.‘ti

{
A
o EH'(MM'Hmr = _‘AZ_ L 5 -.J
' n, on;
«  Photons:
he
o E=hv=—
A

o h=Planck’s constant, v = photon freq., A= wavelength, c=speed of light
o Traveling Particle (in other words, particles with definite mass)

i l 9
o E=—mv’
5
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Lecture 5 — Sept 18: EMISSIONS SPECTRA., QUANTUM NUMBERS

o Reading: Avril 6.5

iltraviolet shortwave
o g |gamnm Xerays rays ‘ infrared | racar M TV AM
e Visible light: 400-700nm = 3.1-1.8eV  Jrays | | roys ‘? B! ) ey P
: L N 2 3 g
(S (VS (55 S VA 1 M [/ L 10 10
-~

— Wavelength (meters)
Visible Light =

400 500 600
Wavelength (nanometers)

| ‘Table of Contents

| Visnal Stimulus |

e Bohr model for hydrogen (1 electron system) resulted in quantized energy level
" - 2 1 l
o Generalizedeqn.: v = RZ°| ——— |, by
ny n;
_NUCLLUS
o V= % =wave number
o ‘R =Rydberg constant = 1.097 x 10" m"'
Y g / \
o Berlin - Frank — Hertz: Hg (mercury vapor) { \
experiment showed quantized energy levels { j
applies to other elements/atoms as well. [ SN / /
\ | ol =t f
,\\ Sa,_mn § /
e  Limitations of Borh model: e —— n=3
o Fine structure (doublet) R
o Zeeman splitting (under an applied magnetic Bipera, 1635 Ml iy Wi

field (B) )

e  Sommerfeld proposed “elliptical shape” to the electron orbitals
o Quantum numbers: n. l, m, s

ex. Ag metal beam split by magnetic field (atoms with spin-up ¢ go one way, atoms with spin-down
¢ go the other way).

e  Franck & Hertz Expt.: an0
. _ Franck-Hertz Data for Mercury
o Gas discharge tube, Hg vapol
o Demonstrated existence of a threshold
energy required to excite electrons in Hg
atoms —> clectron energy levels are true
to all atoms

Collected currant (mA)

0 -1 n 15
Acceleraling Voltage
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Lecture 6 — Sept 21: QUANTUM NUMBERS, PARTICLE-WAVE DUALITY
e Reading: Avril 6.4
e Quantum numbers defining the ‘state’ of the clectron

o n = principle quantum number n=1,23..., (or K,L.M...)
o €= angular momentum (“shape™), (=01 (s,pdfg...)

o m = magnetic quantum number, m=-L.0.L

o s=spin +-

¢  Examples of orbital shapes http:/www.orbitals.com/orb/orbtable. htm :

¢ Aufbau Principle
1. Paul exclusion principle: i any atom, cach ¢ has a unique set of quantum no.’s (n,l,m,s)
2. ¢ fill orbitals from lowest E to highest
3. Degenerate electrons (same energy level) strive to be unpaired
— Filling clectron states:
o Ex. Carbon, C: 1s°2572p°

o dec Broglie — an electron can act as a wave
o He asked: “if photons can behave as particles, can electrons behave as a wave?”
o Geometric constraint: 27tr = nA, n=1,2,3... (circular wave path)
o Wavelength of an clectron: A=h/p=h/mv = mvr = nh/2r!
*  p=momentum = mv
o Demonstration of diffraction of electron “beam’ using a crystal lattice
o Particle-wave duality confirmed!

e  Heisenberg - uncertainty principle
o (Ap)AX) >=h/2=n
o You can’t know the exact position and momentum of a particle at the same time
o Deterministic models (billiard balls) turn into probabilistic models
=  Einstein: “God doesn’t play dice with the universe”
= Bohr: “Einstein, stop telling God what to do!”

e Schrodinger equation (NOT TESTED ON FINAL)

d 1,

t—Wz, t) = ——V " U(x, t)+ V(x)¥(x, ).
i U@, 1) = =5 -V?U(z, ) + V(2)¥(x, 1)

o IUs adefining equation for quantum mechanics

o Think of it as equivalent to Newton’s equation: F=ma

o Complex equation that allows us to calculate measurable quantities, such as position,
momentum, energy of microscopic systems.

Well beyond the scope of this class. ..

e}

3.091 - Lecture Summary Notes - Fall 2009



Lecture 7 — Sept 23: AUFBAU PRINCIPLE X-RAY PHOTON SPECTROSCOPY

e Reading : Avril 8.1-8.2, 12.5, 8.3
¢ ntlrule for filling orbitals. Fill in ascending n.
o s, 2s,2p, 3s, 3p, 4s, 3d, 4p, 3s...

e Measurement of jonization energies (Eiy = Epinging + Exin)
o Pcak height tells # of electrons in shell
o Energy tells shell (n)

SEEAMZA Atom beam
Opﬁﬂ’b Electrons = 5
Faster electrdns 28.6 172 1.09

- w
Electrestatic %
analyzer >
<

30

N - 5 526 af2 141

ower electrons gy oo §
D
o

X-Ray or ultraviolet
light source

== | = Slit o s oot Ne _A_ A A

«4— £ (MJ/mol)

== C..-fj‘;,.;:__.-“.‘v: Lecie
Detector

Average
Valence

e Average Valence Electron Energy (AVEE)
o =<lleV =2 ¢ weakly held = metals
o >13ev = ¢ tightly bound = non-metals
o >llev, <l3ev=semi-metals

e Noble gases = filled valence shell = energy well = extremely stable

e Electron transfer to achieve valence shell filling
o lon pair production
o Na=>Na +e-
o Cl+e>CI
o Agglomerate without limit due to coulombic attraction
= Crystal!

3.091 - Lecture Summary Notes - Fall 2009
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Lecture 8 — Sept 25 :
s Reading : Avril 8.3-8.6, 8.8, 9.2
e Energetics of pair attraction
o > energy gained upon converting a gas of ion pairs, o a crystal array
& E,= M Ew, = i Eiio = B+ Eicy
dre r r

= b,n = constants, n~=6-12

o Madelung constant, M => energy related term of a crystal, based on atomic geometry
= Generally, an infinite sum
*  Fora material with +1 and -1 charged species
= Energy per mole of ions:

_ ~ Mg z27 Ny 'eg[

- K

1
line = I —— | (sum of all ion interactions)

dme r n

0 o0
= n = borh exponent, n~=6-12
= [fM>1 - asolid will form
= [fM <1 - material will remain as a gas

s  Transparent materials:
o If Envinciden<AEqans, Visible light doesn’t have enough energy to promote electron excitation
—> the photon passes straight through material

e Hess's Law: energy change in a chemical rxn is path independent
o Energy is a State Function
o i.e. Nag + 1/2Clyy = NaCli
o a)convert reactants to their independent gaseous forms (steps 1,2)
o b)remove/add electrons (steps 3.4)
o ¢)crystallize (step 5)
Figure 8.6 A Born-Haber cycle for NaCl

O) Cl(g) + e — CI(g)
@ Na(g) = Na*(g)+e~ -348.6 k]/mol
495.8 kJ/mol
(@) 3ClL(g) —Clig) 122 KJ/mol
(1)  Na(s) > Na(g) 107.3 kJ/mol ® W Ne(@ + crie) - Nacie)

=787 kJ/mol

Net reaction
Na(s) + 3 Cly(g) — NaCl(s)
—411 k]/mol
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Lecture 9 — Sept 28 :
e Reading : Avril 7.3, 8.9

e G.N. Lewis (1916) - shell filling by

Problems with ionic-bonding for diatomic molecules: H,, N5, O, = can’t be ionic

electron sharing 1A0) | 2A2) SA13) | 4A(14) | 5A(15) | BA(16) [ 7A(17) | 8A(18)
o Lewis Dot notation _ L ns' | ns? ns2np! | ns2np?| ns2np| ns?np* | ns2np5| ns2nob
o Cooperative use of valence e™'s | - . o o . v
to achieve octet stability = 2| el “Brl*Gel-N-[30-]2F2 Ehe:
covalent bonds & | F . s R =3 e
|3[*Na |-Mg- cAl*[+Si-|P-|zs-|zClz|:Ar:
e lonic Bond = ¢ transfer } > - - - -

e (Covalent Bond = ¢ sharing (directional)

e Carbon = only has 2 unpaired (bonding) clectrons in p-orbital
o s-orbitals ‘merge’ with p-orbitals 2 sp’ hybridized

o Results in 4 unpaired ¢, ready to bond

2p,

~

"

e Energy of heteronuclear bonds :

Four tetrahedral
sp” hybrid orbitals

o) E(I_b. - .\/EAA 2 EBB +96.3- (Z,; = )2 (in kJ/mol)

s Y% ionic character = ¢l —exp —-%(Az): -100%

s Polar bonding = can lead to a polar molecule - but only if there’s asymmetry

An sp® hybrid
orbital
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Lecture 10 — Sept 30 : LCAO-MO
¢ Reading : Avril 9.2,9.3,9.4

e LCAO-MO (Lincar Combination of Atomic Orbitals ‘:+_ G
— Molecular Orbitals) sl
o Orbitals split into a bonding (lower) and o @y

anti-bonding (higher) orbitals. Electrons fill ' : Tre |
from lowest energy up.

¢ Types of bonds:

o o =no nodal plane separates nuclei
* eg.st+S5p,tpustp
o m=anodal plane scparates nuclei

" eg.pytpy. pet P H (AQ (0]
o don’t need to worry about ¢ or forbitals rens -—(-«-—)—-*--v e Hz (MOs) H(AD)

e Paramagnetism: from unpaired electrons in MO
o cg. liquid oxygen is paramavnctic — can be held by a magnetic field

E
i
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Lecture 11 - Oct 2 : HYBRIDIZED ORBITALS AND BONDING, SHAPES OF MOLECULES

¢ Reading : Avril 9.1, Shakelford 2.5
e Hybridized bonding in molecules

o ie. CoH, (C=C double bond has one -bond, and one rt, -bond), and C-H bonds are from

sp” hybridized orbital in C.

o  VSEPR (Valence Shell Electron Pair Repulsion)
o Electron Pair Geometry vs. Molecular Geometry

TABLE 9.3 Overview of molecular geometries

Electron Pairs 2

Electron Pair Geometry 2 ° : TR
o, P i)
Uinesr Trigonal planar Tetranedral Trigonal bipyTamidal
B B B 8
Molecular G ¥ B8 e i ! B B B, | B
olecular Geometry: i AR ,,iw.,u s ;‘ ’:‘4“‘
Zero Lone Pairs B 8 87 \'B B [Ehl
E B B
Linear All; Trigonal planer ABly Tetrahedral ABy Trigonal bigyramidal ABy Oclahedral AB
Bt B
Molecular Geometry: AL A B—A~n A
One Lone Pair 8 e 87\ A 8”178
B BB
Bent (V-shaped) AD, Trigonal pyramical AB, Seesaw AR, Square pyramidal AB,
Molecular Geometry: A —A
cometry B\ BB
Two Lone Pairs
B B .-
Bent (V-shaped) AR, Tahaped A, Square planar A8,
;
Malecular Geometry: Bl
Threz Lone Pairs ;
Linear AH,

Copyright € 2007 Pearsen Benjamin Cummings. All 1ights reserved.

e Elements that can undergo an expanded octet are: AI=2Cl. Ga=2Kr, In=2Xe, TI=2 At

-10-
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Lecture 12 — Oct 5 : SECONDARY BONDING

Averill 12.5, 12.6; Shackelford 2-5, 2-4, 15-1, 15-2, 15-5

12

(5]

dipole-dipole: ¢ i :

e applies to polar molecules (i.e. HCI) Q\ b-;*.:-ﬁ ’
o LEyg~ 35 kl/mol (vs. 780kJ/mol for an ionic bond) S e

s Much weaker!

) ) ) ) (b) Attraction
induced dipole — induced dipole S

e operative in non-polar species
e cxplains why non-polar species can exists as a liquid or solid (i.c. Ny bp = 77k)
e  Van der Waals bond or London Dispersion forces

2
i
o Eyy Ko

e  Force is larger for larger atoms = higher bp for larger atoms
rnced d:/mé —
"'Os'—“‘“Q“ e o

Hvdrogen Bonding

e  Between exposed proton side of H, and ¢ on other atom
e Only applies between H+ F, O, or N. (i.e. HCI does not have a “H-bonding™)
e i1c (H-F) (H-F)

3.091 - Lecture Summary Notes - Fall 2009
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Lecture 13— Oct 9: E* BAND STRUCTURE: METALS. CONDUCTORS, INSULATORS
Averill 12.6
¢  Drude model:
o “Free ¢ gas” model = ¢ in valence shell can move = some success
o Couldn’t explain insulators vs. metals 2 needed quantum mechanics!

¢ Quantum mechanics 2 LCAO-MO applied to many atoms (solids)
o Energy levels turn into bands

SRS

Antibonding MOs

Empty
M Filled

l

|

|
T

\g
je———Band width————+|

1 2 3 4 5 30 - 909099

Bonding MOs
Number of atomic orbitals —

Copyright © 2007 Pearson Benjamin Cummings. All rights reserved.

¢  Electrons can only move (¢ conduction) if they are in an energy level adjacent to unoccupied states
e Metals (Eg=0), Insulators (Eg=3¢V), Semiconductors (lev<Eg<3ev)
Fy

ry
Empty
Empty
E Overlp E E Largf gap
Filled
Metals Semiconductors Insulators

Copyright @ 2007 Pearson Benjamin Cummings. All rights reservod.
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Lecture 14 — Oct 13: SEMICONDUCTORS
Averill 12.6

e  Photo-excitation of ¢ from valence band to conduction band

o Recall: absorption edge plot

e Photo-cmission: from an ¢ in the valence band falling down to an empty state in the conduction

band.
e  Thermal excitation
o E.~1/40 ¢V at room temperature
o Maxwell-Boltzmann distribution of
energy

Three ditlerent processes lor charge carrier
creation/destruction in anintrinsic lundoped) s emiconductor

1) Photo-
Enerqy excitation
Fhoton

sheto-
2) thermal 2 POk

excitation

Filled band
h+ = hole
¢ = election

e

ccul es

0® ¢

10007 ¢

2000° €

emission bandgap

e “Chemoexcitation” = doping of a semiconductor
o Intrinsic = pure Si, Ge, or compound
o Extrinsic = intentional impurity added to inject charge carriers
= n-type: supervalent (i.e. P) = adds ¢ to conduction band
= p-type: subvalent (i.e. B) 2 adds h™ to valence band

Doped semi-conductors

n—dopa-fﬁ levels
Energy

p-dopant levels {acceptor)
e_

o

Wecirenrrninnn

(donor)

Speed

bandgap
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Lecture 15 — Oct 14: CRYSTALLOGRAPHY

Averill 12.1, 12.2; Shackelford 3-1. Fonmsties 1 Bravoss Lutices
e 7 Crystal systems cubie. ®o %o %@% BGW% o
B zbzc o | [
o 7 unique ways to fill space asfers® g By 04505 OGgeldy
I ’ ~ olp o~ -
with volume elements agous S50y 059,
azbec | e
e 14 Bravais lattices ot gt 058y o a,
o  Crystal systems, plus lattice
-Tystal sy ! L b Po—29 Gg 8y Pgoly Gguty
sites b ] . slogn
i.e. sc, fee, bee, hep... e e
o ¢, ~.L . hep ¥ o %a By 0y Pgoly ©450,
o Lattice sites are ®
interchangeable — all sites are | 4greeh $e °
1 =y P T |/ ®.
equivalent aflpe . 4 [ 258
* R
9 5@
hexaponal G
a=brc e H
. - =600
L] Basis : ;!L;-nc‘ al D 2@
- . e e®y
o Atoms or molecules per lattice ) s ® o— o
Si(C Imenocinic 7 & e
. lasbre ] [+ 8 -9
o ie. I atom, or a molecule =809k p | o & o AR
. . . o £ / i
o i.c. Auatom, or NaCl ion pair, & @ ® @
of CH, molecule, or C-C pair )
triclinic S~ a Y
8rosC A 2 B.L, 2
caBeyp@00 L F {
e  (Crystal Structure ) ¢t

o Bravais lattice & basis

o i.e. fee, rocksalt. diamond cubic structure

¢ Closest Packed structure: 12 nearest neighbors = fee, and hep = 74% APD

e Atomic Packing Density, APD: APD =

o V:nmn =4/3n 1‘3
o V= a (if cubic)

volume _matter

total _volume

Calculating lattice constant (a) or atomic radius (r)

atoms
i . alon
unit  cell ‘
= ~— = -100° 0
I cell

o Molar Volume (V) = moles/volume = constant
o For volume of unit cell, (V) (= a’ for cubic),
1. (atoms)/(unit volume) = (N,) / (Vo) = (# atoms/cell) / Ve

=> solve for ‘a’ via V.

2. Geta= f(r) based on unit cell geometry (i.c. a = 4r/sqri(3) for bee)

= solve for “r’

_14-
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Lecture 16 — Oct 16: MILLER INDICES., X-RAY SPECTRA
Averill 12.1, 12.2; Shackelford 3-2, 3-6
e Miller Indices (ref. handout from class)

o Point: h.k.1

o Direction [hk1]

o Family of directions <hk I
o  Plane': (hk

o Family of planes’: thkl}

= direction [h k1] is normal 1o plane (h k1)
= 'hikdare reciprocal of axial intercepts

¢  Distance between adjacent planes with miller indices (h k I
a

o dy = = —
h™+k™+1"
o a=lattice spacing of unit cell

o  X-ray Spectra
o ¢ discharge tube (vacuum tube with a large voltage (~35,000V’s) applied between two

clectrodes (cathode and anode (target))
accelerate e through a vacuum
e ‘crash’ into anode (target), ejecting bound ¢ from core shells
¢ from higher orbitals ‘cascade down’, releasing high energy photons = x-rays
Kﬂ. Ku. Lu. L“. cte.

» i K= final shell number of transition (if n=12K, 2=2L, 32>M, 4>N..)

= i.e.o = Anof falling electron (1=w, 2=, 3=y)
o Underlying whale-like shape from continuous e deflections = Bremsstrahlung

00 Q9 0

he
o Shortest wavelength of Bremsstrahlung curve Ay, = —
eV
[
|
s Cor T ST
g chatacteristic |
o radiation
24 T 3 =
= Y I continuous
£ Y 'radiation
A

H— i’
Z
o}
=
&l
3
=

1 f———

SWL
0 A
0 1.0 20 30

WAVELENGTH {sngstroms)
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Lecture 17 — Oct 19: MOSELEY FIT OF X-RAY SPECTRA
Averill pp. 305, 535, 536; Cullity pp. 1E-T11E, 19E-22E.
e X-ray spectra data fitted to Rydberg-type equation

1 1

2 2

. U=W (z-0o)

1
o D =l/u=inverse frequency
G = screening factor
= =] forK,, and =7.4 for L,

o]

e Results of Moseley’s work:
o Aplotof U vs. Z* demonstrated a linear relationship
o Corrected Mendeleyev: periodic table should be arranged via Z, and not A (atomic mass
number)
o Placed Lanthenides in periodic table

e Improvements to x-ray spectra apparatus by W. D. Coolidge, MIT alum
o Lead-shielding
o Beryllium window
o  Water-cooled anode (target)
o Heated cathode
o Better vacuum

=

Therefore: We can now accurately identify .
relative amounts of elemental species within /‘/ »
a sample! \
2RO g 5
> s O
? 3 3 o
s 8
< z
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Lecture 18 — Oct 21: PROBING ATOMIC ARRANGEMENT BY X-RAYS. BRAGGS LAW
Shackelford 3-7.
2 See ‘lecture notes” for Lecture 18 on steps to determine crystal structure
e X-Ray Diffraction (XRD) = A means to determine crystal structure!
1. Model atoms as mirrors
2. Apply interference criterion — constructive or destructive
e Parallel monochromatic x-rays (i.e. K, line from a spécific target) are sent to sample.
e X-rays reflect off of various planes, constructively or destructively interfering, based on
extra distance traveled by ray reflecting off of lower atomic plane.

+ nAl=2dsind o e d o
T s s
e For3.091.n=1 —e b o
e d=interplanar spacing (Lect 16) ’ \\"“:'-s.__ ;" '\‘ JL,—,,-—‘”'
2 . 2 P RN -
A sin” @ . —— el AL | ,
. = =— —— = COlst BecD
da- h + k" +1°
e Can determine appropriate values of h.k,l, based on a a a ° a a "
0 (handout)
A
L]

Can also determine ‘a’: ¢ = ———
\/5‘\/‘ const
e Determine different crystal types by values of h*+k*+1°
o sc:1,234.5689(mo7!)
o bee: 2,4,6.8,10,12,14.16 (would appear as 1,2.3.4,5,6,7.8 2 thercisa 7!)
o fee: 3,4.8,11,12... (the first two terms are a ¥ ratio, not '4)

¢  Two XRD Techniques: - (1)
I. Diffractometry (fixed %, variable 0) % = 0.1542 nm (CuKyr
Scan z S0t
’/_,—— dircctions "—-‘-_\_‘\ £
/“. — . \“\\ M\ z
Collimator Collimator ! :-3: 60— (200)
~ - i z
- . - Detector =
4 e S 40
= " e
i__“;\/j E B @) G
Saisiphe’ T~ » 2
—— E 20 222)
Computer display 0 1 | | 1] 1 I e
20 30 40 50 60 70 80 90
26 (degrees)
) . Spots created by Spot created by
2. Laue (variable %, fixed 0) Crystaliine Mictod Hrtave; | Xiiyhean
e Spot pattern = atomic - "‘“l‘"”’ 4.
symmetry - ———
T
X-ray Collimator to {
eourco focug beam
Therefore, we can now determine y
’ Photographic
crystal structure! film
{a) X-ray dilfraction (b} X-ray diffraction pattemn captured

on photographic film
Cooyare © 2007 Pearson Bervatin Cummangs. AB o nsened
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Lecture 19.20 - Oct 23.26: DEFECTS
o Reading : Averill 12.4; Shackelford 4-1, 4-2, 4-3, 4-4, 5-1.
Taxonomy of Defects:
Point Defects (0-D): Classify by Dimensionality
e 1)Self interstitial, ii)

Interstitial impurity, iii)
substitution impurity,
1v) vacancy

O-dimensional: point defects
I-dimensional: line defects
2-dimensional: interfacial defects PR

3 ; {3:\1 _Subs:i_t_uliana! ;‘-"‘f
L 3-dimensional: bulk defects W - sgumpuritysatomigs - et 2N <
e Vacancies: i) Schotty, G Intergtitial o« - S N - A < A0S
1) Frenkel, iii) F-center impunityatem. g o W - ot - il - N

. & - \ -
o Should be able to calculate vacancy fraction based @ © 0 e 6
o Schottky imperfection

on enthalpy of vacancy Q Q@ o) Q ©
" - oy exp AR N bl © 0 €
Jormation. | = —= /A-C - c i Tt
N s B Freakel 'mpc':fccliou\a\ 1/, o 0 0 “d
) C770. 05,076

o Also be able to show ‘reaction” equation for
forming a vacancy.

© 0 -9 o Qo ©.

(i.e.null 2 Vg +2V,™) A i?tﬂegﬁﬂm‘g:/' Q 0,,—‘,\0._ ri
200 0. Q. IQ

: i e = ol

’ . Sub:gliqu'\\u ,’ @ .:u; | A 4

700010, 0L 10y 1o,
Line Defect (1-D):

s Edge disclocation — extra half-plane of atoms.
Crystals deform via. dislocation motion.

’; “Inlerstltial
> impurity

Interfacial Defects (2-D) - Grain Boundaries, surfaces

Bulk Defects (3-D) ~ Amorphous regions in crystal, voids, inclusions,
precipitates

3.091 - Lecture Summary Notes - Fall 2009
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Lecture 21 — Oct 30: GLASSES

o]
o]

Atomistic model of Hooke’s law (E vs. r = F vs. r graphs)
Factors promoting glass formation:
= (viscosity) x (complexity of xtal structure) x

. 1
. - 3 | la
(‘umlmg rate) . ) . i stable
= The larger each of these values, the more likely it range / V
is to form a glass instead of a crystal supsr-cabfed
Silicate glasses o _["M , prosess ol
S B > mett
= Bridging oxygens, -O- "”f"f""‘"i-//"'j Gystazaton
= Chemical formula: SiO, glass on
. 4- : cookk v
= Structural formula: Si0, T ayary
, . __
Volume vs. Temperature heating/cooling curves for glasses. T o TS T,. temperature

= Know: excess volume, effect of different cooling glass transition temp.

rates, T,, T,
Energy comparison: xstal has lower energy than glass
Propertics of oxide glasses:
1. Chemically inert
Electrically insulating
Mechanically brittle
Optically transparent
= - but high melting point = tough to
process = add modifiers to lower T,
Net work formers: have bridging oxygens, i.c. SiO,,
B,0;,
Network modifiers (lower T,): 1onic bonds = 0*
breaks bridging —O- bonds
- 1.c. CHO, Nago. Ll30
= Qe CaO > Ca’ + 0"
Intermediates:
= A glass that has a cation that makes a
different number of oxygen bonds than the majority glass former. It breaks up the network,
results in poorer packing, and increases the thermal shock resistance (i.e. AL, O; in a Si0; glass)

B

16 Ly RS Tag, strain point 1 15
(R , |
77777 e~ -}\\- = \—‘\_ — — — —Annealing- — — — 13
| TR} ‘\_ \\ ¢
L % %sicaglass -
12 fat N N ( ‘ln
:: A \ \|‘ silica glass ! ‘g
i '1_ b:xosnhcnte glass \“.\ \A‘ l f:'l
g‘ \\\-\ Softening | 8 E
8 g ' :
= working I 5 é
g souaimeglus ‘w.\ | =
t jne. ome j moch st §
———————————————— melting ——-— 2
| dec. pedore connectis 7%
ST R - B00R AN 1000. - 1400, A L ETE00 B

temperature, °C
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Lecture 22,23 — Nov 2. 4: GLASS STRENGTHENING MECHANISMS

o Two assumptions: i) Glasses break by crack formation and propagation, which starts at the surface. ii)
Gilasses are strong under compression, but fail because their weak under tension. Solution: create
internal stresses that place the surface layer under compression, thereby increasing its strength.

Thermal treatment = tempering

e Airjets cool outside of glass faster = larger volume, compressed by slower-cooled
internal region = surface under compression yields higher strength

e \'rmllcr > Viuik

Chemical Treatment

e lon exchange. A larger ion replaces a smaller ion in the glass (i.c. K (from KCl salt
bath) replaced Na”™ from the glass). K is larger = puts a compressive strain on surface

region = increases strength

o KINETICS:

Reaction rates, including nuclear
decay.

Rate of reaction is proportional to
concentration of reactant.

Reaction: aA + bB = ¢C +dD 5
Rate Equation: 5
dc Y 2
o r=——=[C g
dt &

o k=Adexp ——=

kT
o ‘k’isrelated to Maxwell-
Boltzmann distribution of
energy = Arrhenius relationship

Reactant

Activated
complex

TN

E, (uncat)

Uncatalyzed
\ reaction
\

Caiaiyzed'
reaction

Product

Reaction coordinale

e Solution depends on value of n (rate of reaction = sum of exponents in reaction

equation)
¢  Solutions to rate equation:
o n=1>InC=InC, -kt
o =22 1/C=1/C, +kt
= tr=In(2)/k

o n=other = plot log(r) vs. log (C) = slope = n, intercept = log(k)

-20-
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Lecture 24 — Nov 6: DIFFUSION

o

C 00O

(o]

Random movement of particles, resulting in a
‘spreading out” of particles tending towards equal
concentration.
Rate Process “d/dt”
Rate at which atoms vibrate. = 10" Hz
Jump Freq = 10° Hz = very fast!!
Diffusion occurs only if there is a free space to move
into (vacancy for self or substitutional diffusion)
Diffusion (D) is proportional to the concentration of
free sites. D also increases with a looser packed atomic
structure.

= e # vacancies, or other defects, such as grain

boundaries

sy

Substitutional
(vacancy)

Surface. brain boundary, and volume diffusion occur at different rates = proportional to # of free sites!

Fick’s First Law (FFL)

*  Flux is proportional to the concentration gradient

" J — _D £
dx
= > Use if in stead-state
= In steady-state, this results in a linear
concentration gradient (i.c. straight line)
through a material
= D=diffusivity, units = cm?/s,

= D=D, exp L , R=k;N
RT '

o  Maxwell-Boltzmann distribution
again

o Fick’s Second Law (FSL)

= Introduce time-varying
concentration profile.

dac _ _D_dz(; ,
dt dx”

C(x,1)-Cs erf X
Co—-Cs 2Dt

- onc solution is;

Diffusion coefficiant, cm2/sec

Surface

+ (Nickerson
and Parker)

10-¢ ]
| Grain boundary
(Hoffman and Turnbull) |
1 /

10-7 e /
10-8
1
Diffusion ;
10-9— coefficients |
in silver t Vuuhm-g
. i /-\— (Jchnson) |
|
o [t |
! &
oV D E
x x £y
10—1 o =, 0 =29 |
b = E £z ‘."1
1 1 1
20 18 16 14 12 10 8
1/T % 10%

e Note: solution is for semi-infinite system with constant surface concentration
= crf = special function. erf (0) = 0, erf(infinity) = 1, erf (x) ~= x for 0<x<0.6
= Approximate diffusion distance (distance an impurity will dissolve into a

samplc to an appreciable level over a given time): x = +/ Dt
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Lecture 25 — Nov 9: SOLUTIONS

o “Like Dissolves Like" taxonomy of colloids
dispersed dispersion name example

phase medium

solid liquid sol jelly

liquid liquid emulsion milk, mayo

gas liquid foam meringue,
whipped cream

solid gas aerosol soot

liquid gas aerosol fog, hair spray

solid solid solid sol cranberry glass

liquid solid solid emulsion  butter

gas solid solid foam pumice

o Measure of solubility:
= Molar (M) = (moles solute) / (liters of solution — both solute and solvent)

o Soluble if Cyye = 0.1 M. insoluble if Cygpe = 0.001 M
o  Equilibrium Constant, K: aA +bB & ¢C +dD
» K=[AJ[BI"/ [CID
= Most other “K’s™ are based on the form of this ‘K, but exclude one term.
o Solubility Product A,B; = aA®™ +bB* (iec. MgCl, 2 Mgz' +2CI)
*  Cocfficients become the exponents in K, eqn.
* K= [AY][B]° = K[A,By]
o Common lon Effect:
= If[B"] added via another compound, K, must remain the same, therefore, [A"'] must decrease.
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Lecture 26 — Nov 13: ACIDS AND BASES
o] pH = ']0g|()[H-],

o] DOH = -lOg]n[O]’[-]‘

o pH+pOH=14

Definitions:

Arrhenius Bronsted-Lowry Lewis
Acid:  p donor p donor ¢ pair acceptor
Base:  OH donor p acceptor ¢ pair donor

o General Rxn: HA+B = BH + A
= Conjugate acid-base pairs
= HA&A
= B&BH
*  Foranacid, B can equal [H,0]

o K, and K describe the degree of dissociation of an acid/base, respectively.

o Inaqueous systems, with B = [H,0]:
»  K,=K[H,0]=[H;0J[A]/[HA]

o Amphiprotic: can act as an acid or a base (i.c.
H,0)
o Strong acids = complete dissociation (K, >> 1)

HF < HCl < HBr < HI
To solve some of these problems.
I. write out reaction equation 567 431 366 299

2. setup chart: initial, change, and final .
o 3 ith *x0 > chanee the e IR R :
concentrations, with *x” as the .Lh'll'l:.L the "H-A bond strength (k]/mol)
concentration of the base or acid. R — :
3. solve for x and I, or K, are related, using
formula above.
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Lecture 27 — Nov 16: ORGANIC CHEMISTRY

o Naming Nomenclature

alkynes
sp=

= g1
d
unsat

CnHana

C.H2
ethyne

acetylene

o Prefix (# of carbons in chain) taxonomy of hydrocarbons
= | =meth
= 2=cth alkanes alkenes
= 3 =prop sp’ - sp’=
= 4 =hut &g & G,
* S=pent sat® unsat’
=  6=hex
" 7= hcpt an2M2 CnHzn
= 8 =oct
o Add *-ane’ or *-ene’, or “-yne’ based on bond type. C.Hs CzH.
o Isomer: same chemical formula, but different ethane ethene
configuration Eihyene
=  Constitutional Isomers: Same chemical -CoHs ~CoHs
formula, but atoms bonded together in a ethyl vinyl

different order (different side-groups)
e (i.c butanc vs. 2-methyl propanc)

= Stereoisomers: Same
: = e/ (THy S
chemical formula, same side- A :
C=C ,
/ \

groups, but different

configuration (i.e. left-hand vs. H H o
right-hand). cis- vs. trans- fis-2-Bubene
o Aromatic compounds: (methyl groups on
i the same side) /
| » 3 =Y
Double and single bonds (Top view)

‘share’ delocalized n-bond
= ¢ conductivity.

CH, e
trans-2-Buleas

(methyl groups on
opposite sides) (Top view)

delocalized m-bonding in benzene

0 @

(Side view)

(Side view)

3.091 - Lecture Summary Notes - Fall 2009
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Lecture 28 — Nov 18: POLYMERS 1

e Applied organic chem => polymers

e  Polymers are macromolecules - long chains of molecules with
repeating chemical structure. Poly = “many” mer = “repcat unit”
e Can be xtalline, amorphous, or a combination of both 2 XRD can 5

verify this

Tailoring Molecular Architecture:

I. Composition:

e Random copolymer (AABBBABBAAA...)
e Regular copolymer (ABABA...)

e Block copolymer (AAAAAABBBBBEBB...)

*  Graft copolymer (BBBBBBBBB... with AAA...and S side chains)

II. Tacticity

e  Polymer can also be classified by side-group orientation

o atactic, syndiotactic, isotactic

I11.

Backbone:

e Lincar chain

e  Branched chain: harder to xtalize

e Crosslinked: Enabled by sulfur. Rubbery!

Synthesis:
° Addition polymerization
o Need free radicals and double bonds to
carry synthesis
° Condensation polymerization

dfTrneted
tendty

@ yhatline

diffisetian
1 0
ol l
H ]
! i
:./\J v
L i
B ————————— S I
E
1
i
H .
E " ?U.VTIA&,
! rhatlne,
!
)

?olll et ‘_‘j leve.

regson of hugh
ey 1ty

o Formed by rxns between the start and ends of mers

o Polymer looses mass when
synthesized (e.g. the
condensation)

Thermoplastic: only Van der Waals acting
between neighboring polymers, liquefies upon
melting and are easy to recycle.

Thermoset: caused by the cross linking of
polymers with disulfide bonds. There are covalent
bonds between polymers, so the material
strengthens but as a result is extremely hard to
recycle.

CHy CH; CHy

ﬁCHz—CH—CHg—CH—CHI—(lfH —CH2—CH—CHZ--C|H7...

Alactic polypropylene

Syndiciaciic polystyrene

.. —CHy—CH—CH,—CH—CH,;—CH—CH,—CH—CH>—CH—...
P 1o e 2k = ke

Isoractic poly(vinyl chloride)
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Lecture 29 — Nov 20: POLYMERS 11:

Polymer Synthesis:

. Addition Polymerization
e Uses an mitiator (R radical) to break a double or triple C-C bond (of a mer unit)
e ie R'+CH=CH,= R-CH,-CH,’
e growth by subsequent mer attachment

2. Condensation Polymerization
e  Uses the reaction between an H and an OH on two separate molecules to form an amide or

peptide both, and releasing H,O

L] lC R]H + R)Ol[ 9 R|-R3 * “30
e mass polymer < Sum (mass of reactants)

Thermoplastics = weak VAW bonds connecting linear chains. Can reheat and reprocess = recyclable!
Thermoset = crosslinked chains = difficult to recycle

Plastics can have zones of random configuration and zones of crystallization, which can make the material
stronger and denser.
Factors favoring crystallization:

l. composition - homopolymer over copolymer)

2. tacticity — isotactic attractive

3. conformation — lincar over branched

Properties of polymers
e ¢ insulating, transparent to visible light, low density, solid at room temp.

Recall:
e Nylon pull-out video
e glass transition temperature of different polymers

3.091 - Lecture Summary Notes - Fall 2009
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Lecture 30 — Nov 25: BIOCHEMISTRY:

Amino Acids: _ 7
¢  Contain an amine group, carboxylic acid group. and a side chain, R. STk S B (AT (] {5
e R can be anything. But in our bodices, there are just 20 different R’s, |

i o
i i
giving rise to twenty different amino acids ' H| H p 1
N 4 Ge o e . | Il 1
e Rcanbe 1) nonpolar, 2) polar, 3) hydrophilic + acidic, 4) . I H-N—C—C-OH
hydrophilic + basic [ Amino [ Caboxylic Acid
ey 5 . o + | Group (R] ™\ Group
e 3) and 4) can be “titratable” (i.c. can accept or give offa H', ey - carbon

depending on the local pH)
Amino acids are usually Chiral (i.e. Left (L) or Right (D) handedness = L- or D-enantiomers)

Chiral
molecules

2

B + B8 »
'3 1 ' ?
1 ! 1 Receptor x _ x
I ' sites on A H
C : protein : ' '
-t = \"‘-.} a""’u .

i)

{a) Molecule fits receptor (b) Molecule does not
site, leading to a fit receptor site; no
response responso

Amino acids arc Zwitterions;
e Inwater at neutral pH, COOH group gives up an H', and the amine group accepts an H', causing the
molecule to be net neutral, but have local +’ive and —‘ive charges
e Athigh pH (low [H']), H" are stripped off of NH;
o Atlow pH (high [H]), H™ arc added to COO

For titratable groups on the amino acid (i.c. a group that can gain or lose a H"):
HA +H'" > HAH'
K;=[HJ[HAJ[A] (K is basically the equilibrium constant)
pK, = pH + log,o([HAHJ/[HA])

Similarly, at high pH
A +H > HA
Ko =[H][AV[HA] (K is basically the equilibrium constant)
pK = pH + log,o[HA)V[A]
pl = isoelectric point.
When net charge of all molecule is zero (i.c. [HA] == [HAH |, [A])

It happens 2 way between pK; and pKo.
pl=(pK, + pK,)/2

3.091 - Lecture Summary Notes - Fall 2009
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Lecture 31 — Nov 30: PROTEIN STRUCTURE:

Plot of pH as a function of *extent of reaction™
“Equivalents of OH™ is the same as the
negative of [H']. i.e. the number of [H7]
in the system (both free, and bound to the
Zwitterion) increases from right to left.

12

10

8
Gel Electrophoresis: T

Apply a voltage across a gel tube with o 67
varying pH. Amino acids (zwitterions)
introduced at one end. 1
Zwitterions are propelled to migrate in the
electric field as long as they have charge. 21
When they reach the pH equivalent to b

CH,
~ H;N—CH—C00®
(anion)
oo
CHy
o | »
H3N— CH — €00
(zwitterion)
e
CHs

—_ e |
H3N— CH — COOH

H - have ~ - T T T 5
their pl, they no longer have net charge, 0 0.5 1.0 1.5 2.0 (cation)
so they stop. o
This allows researchers to measure the pl Equivalents of OH
Figure 38 Principles of Blochemistry, 4
. 3 . g © 2006 Poarson Prentice Mall Inc
of an amino acid / zwitterion.
TABLE .2 Common Condensation Polymers
Proteins formed by condensation reaction Trade Name
between amides, forming polyamides. I '1“:“':“”” Comian Ne
i )
0 W ot Polyamides
N o c aclch
o g));L }rﬁ) (Ij Cil‘fbox'g e &
Protein exhibiting secondary (—NH—{CH,)};—NH~-C—(CH,),—C—), ﬂ/‘*‘*‘” Nylon 6,6

structures:
e recgions: a-helix, B-sheets, random coils

Tertiary structure of proteins (“random” coils):

- “random” structure determined by sccondary bonding, ie. 1)

disulfide bonds, 2) H-bonding, 3) columbic, 4) hydrophobic regions
tertiary structure of proteins
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Lecture 32 — Dec 2: LIPIDS, NUCLEIC ACIDS, DNA

Proteins can be denatured (i.e. breaking secondary bonding) by changes in:
e 1) Temperature, 2) pH. 3) oxidizing/reducing agents to create/destroy -S-S- bonds), 4) detergents

Lipids: defined by their properties — soluble in solvents of low polarity — includes fats, oils, cholesterol,

hormones.
e Some have a hydrophilic head and a hydrophilic tail (amphipathic molecules)
L]

can arrange in a lipid bilayer in a polar solvent = Cell wall!
Nucleic acids
e  Building block of nucleotides = DNA

e DNA contain sugar (amine link) and a phosphate backbone, with one of four of five amine groups
that make up the ‘code” (AGCU for RNA, and AGCT for DNA)

e A pairs with T (2 H bonds), C pairs with G (3 I bonds). Spacing is important.

L[]

These chains makeup a double-helix structure 2 DNA

AL -y
-
3 pnsiticn/

O=p—0

3.40nm

l Base
(y— =
O—CH, 0O

5 pusition —

& Sugar-phosphate
PURN backbones
< Basepalr HEESA
E—-T
B G
- C
Figure 19-14 Principles of Blochemlstry, ale
© 2006 Pearson Prentice Hall, Inc.
z - gi : ‘.
1
I N
F f—ﬁ '
\f Al N \>"I\\ ¢
'\‘ﬂ =N sugar N >_N sugar
i (o) = / O"""'”'—N &
sugai sugar |
thymine adenine cytosine H guanine

Copynght @ 2006 Pearson Prantice Hall, Inc,
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Lecture 33 — Dec 4: PHASE DIAGRAMS. ONE COMPONENT - UNARY

Pressure (kbars)

Triple point 1s where the three lines
meet, a region where three phases
coexist in equilibrium

Slope of solid/liquid interface (2
phase region) characterized the
density of the material in either
phase

Super critical fluid is a one phase
regime

“Normal™ conditions means | atm
of pressure

more examples

700 —selid 7 CARBON

m
600

Liquid

500 C

Diomond
400—

~
300
200
100
0 |

|
1000 3000 5000

Temperature (°C)

Pressure (atm)

73.0

Pressure (atm)

ical

Supercriti
CARBON DIOXIDE (CO,)| Buid |
|
E
I
\
Temperature (°C) ——
ZIRCONIA (Zr0,)
B ~\~ l /
~Liguid
L————wan™
R Vapor
1 | 1
-273 0 1000 2000 3000 4000

-30-

Temperature (°C)
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Lecture 34 — Dec 7: PHASE DIAGRAMS — BINARY -

LENTICULAR/IMMISCIBILITY

o Sadoway’s system classification

o}

1500
Tvpe |
= Complete solubility as solids and liquids
= I[somorphism — lens shape 1400
= Propertics include:
o Identical crystal structures o s
e Similar atomic volumes %s
e Small clectronegativity differences g
=  When (¢) > 1, impossible to move from £ 1200
one single phase field to another single -
phase ficld
= Liquidus: lowest temperature at which all 1100
liquid is stable
* Solidus: highest temperature at which all 1000l . . : .
solids are stable Ct 40 60 80 Ni
Weight percent nickel
LEVER RULE
» (P)=2
» Used to compute percentages of the
relevant phases in equilibrium
= For the example on the right:
e Held at ¢, (you can do the same for ¢)) 0
e Yliguid = ;
c.—C
o %solid = C? - C’,
o = 0
e ¢, is the cquilibrium concentration in the liquid phase
e . is the equilibrium concentration in the solid phase
®=\
140 ~ P _
Type 2 — T~

partial or limited solubility of both
components in cach other

no change of state — always solid or
always liquid

generates “Synclinal”™ cocxistence curve

& 1o - 3
- 2 v 1
3
2 80 @-
4 / 4 *
3
(i}
L | i |
1 b1 0 ™ 100
pA bty mes fafhy : P
104 ] 5 ¥ o

poblisataes dwitd
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Lecture 35 — Dec 9: PHASE DIAGRAMS — BINARY — LIMITED SOLUBILITY

o Type3
» Partial solubility of A and B

* Change of state
= “hybrid between lens and syncline” s
n Freezi 1 A recc] 3 500 - \\
reezing point depression of both ; .
components \smus--
= Eutectic: composition and \ i Liquidus -
temperature where three phases [ = : Sa
F 5 o 3 19 188° 61.9 97.54-— B
coexist in equilibrium.
= APPLY LEVER RULE TO S Solvus
TWO PHASE REGIONS!!! o
+
e a+f,a+L,L+f a*p
=  Top example:
e ¢ isa Pb-rich phase
e  [fisa Sn-rich phase

400

|- Solidus

Temperature (°C)
>
(=]
(=]

Pb 20 40 60 80 Sn
Weight percent tin

*  You can tell a lot about the history of a material by looking at the microstructure

Eutectic
structure

|
|
|
|
|

b !
|
i E
| utectic a F
| {19.2wt% Sm) 3{97.5wt% Sn
|
o

| | |
0 20 1 €0 20

(Pb) ¢, Cemposition (W% Sn) iy

4 % »

— - <

3.091 - Lecture Summary Notes - Fall 2009



