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X MOLECULAR MODELS

Four types of nodels to assist in the instruction and understand ing of nol ecul ar
structure are descri bed.

A. SPACE- FI LLI NG MODELS

These roughly represent rel ative sizes and positions of atons within a nol ecul e.

B. SKELETAL MODELS

These nodel s nore accurately represent atomic radii and bond angl es than do those
i nthe previous section.

C. CRYSTAL MODELS

These are three-di nensi onal nodel s that represent shape and atonic packing wthin
crystals.

D. KI NETI C- MOLECULAR MDDEL

Thi s two-di mensi onal nodel denonstrates the kinetic theory of matter.



Al . Ball-and-Stick Mddel s

a. Materials Required

Conponent s
(1) Ball
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A. SPACE- FI LLI NGMODELS

(1) Ball

(2) Rigid

Qu
1

1
1

Connect or

I tens Required

Bl ock of StyrofoamPl astic
or FoamPol ystyrene (A)

El ectric Bottle Cutter (B)
Thin Ni chrone Wre (C)

(3) Flexible
Connect or

Di nensi ons

Approxi matel y
4 cmx 10 cmx 10 cm

(11F2)

0. 02 cmdi anet er,
35 cmlong
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(2) Rigid Connector 1 Box of Toot hpi cks

Appr oxi mat el y 250

(3) Flexible Connector 1 Package of Pipe C eaners (E) Approximately 25

b. Constructi on
(1) Ball

Terminal s of Electric

/\Bile Cutter (B)

Th| n N chrome
Wre (O

St yr of oam( A)

ﬁ
ﬁ

Wood Bl ock

Construct the electric bottle
cutter (B) accordingto
directions given in (1/F2).
Substitute the thin nichrome
wire (0.02 cmdianeter) for
that described and stretch

it tightly between the ternnals,
Connect the terminals to a six
volt battery or a transforner
that steps line current down
to about six volts.

Formthe Styrofoam(A) into
smal | balls, First, cut the
bl ock into cubes, deternining
the sizes according to the
el ement each represents:

H- 1.5 cmon a side

C-3cm L
0-3cm """
s -4cm "t

To cut a precise straight |ine,
brace a | arge wooden bl ock
agai nst the base of the bottle
cutter, with one edge as far
fromthe taut wire as the width
of the desired cut. Push t he
St yrof oam bl ock (A) down on
the hot, taut wire to slice
it, holding it against the
wooden bl ock which acts as a
gui de.
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Carefully cut the corners off
each cube to approach the

shape of a sphere.

Last, shape the trimed cubes
with the fingers nmore exactly
into spheres.

For clarity in the finished
nodel s, paint the balls with
tenpera (poster paint) to
whi ch a smal | amount of
di ssol ved soap has been added.
Use the following colors to
represent:

H- white

C - black

0-red

(2) Rigid Connectors Stick toothpicks (D) into the
Si gma. Bonds Styrof oambal | s to represent

/'/\

Hydrogen

si gma bonds between at ons, as
in the ethane nol ecul e (CyHg)
represented here.

)

Carbon

(3) Flexible Connectors Use pairs of pipe cleaners (E)
cut to approximately 5 cm

| engths to represent pi bonds
bet ween at ons, as in the ethene
(ethyl ene; CH;) nolecul e
represented here.
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When tripl e bonds (one sigm
and two pi bonds) are to be
represented, dye the two pairs
of pipe cleaners different
colorsfor clarity. This

di agramrepresents a nol ecul e

of ethyne (acetylene; GH).

c. Not es
(i) If comrercially manufactured Styrof oamor foampol ystyrene balls are easily

avai |l abl e, they may be substituted for the hand-made balls described here.

(ii) The scal e of approxinmate sizes of the balls used in these nodels is based
on the atomic radii for stable conpounds listed in the Periodic Table of the
el enments, for exanple:

At omi ¢ Radi us Appr oxi nat e
El enent i n Angst rons Ratio
C 0.77 2
N 0.75 2
0 0.73 2
H 0.32 1

(iii) If Styrofoamor foampolystyrene is not available, nodeling clay (plasticine)
may be used for the balls and painted appropriate colors. However, once the clay
balls are painted, repeated puncturing of themwi th toothpicks will disfigure them
Thus, it is recommended that they be used only to neke pernanent denonstration

nodel s.

(iv) Pipe cleaners or match sticks may be substituted for the toothpicks if
desired.
(v) Akit for teacher use should contain:
2 dozen ball's representing Carbon

2 dozen " Hydr ogen
2 dozen " xygen
1 dozen " Hal ogens
1 dozen " " Ni trogen
1 dozen " : Sul fur

several dozen each straight and fl exi bl e connectors,

Thi s woul d provide sufficient materials for constructing denonstration nodel s
in the classroom The sane quantities |isted above woul d be adequate for |aboratory
use for fromone to four students.
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(vi) The use of nolecular nmodels in the study of chem stry can enhance thestudents'
under st andi ng of and ability to predict the various properties and interactions of
el ement s and conpounds. These ball and stick nodels illustrate, roughly, the
relative bond angl es, sizes and positions of atons within a nolecule in a clear and
sinple form They are not, however, scale representations of bond | engths or atomic
mol ecul ar si zes and shapes. Inorder to denonstrate the mathematical relations of
electronsinagiven nolecule, it will be necessary to enploy a different style
nmodel , that which is described in the next section.

(vii) The color code * used in these nodels is as follows:
Hydrogen - white
Carbon - bl ack
Oxygen - red
Ni trogen - blue
Sul fur - dark yell ow
Flourine - light green
Chlorine - dark green
Bromi ne - orange
| odi ne - brown
Phosphorous - vi ol et
Silicon - light yellow

*Fromthe Portland Project Conmittee, Teacher Guide, Chemistry of Living Matter,
Portland, Oregon: Portland Project Conmittee, (1971, p I/.
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B. SKELETAL MODELS

Bl. Mol ecul ar Mbdel Units*

(1) Tubing

Assenbl ed Vi ew

— 0

) Val ence O uster

.,

(3) connector

Expl oded Vi ew

*Adapted fromGeorge C. Brumik, Edward J. Barrett, and Reuben L. Baunparten,
"“Framewor k Mol ecul ar Model s, " Journal of Chemi cal Education, XLl (1964), pp 221-223.




a. Materials Required

Conponent s
(1) Tubing

(2)
(3) Connector

b. Construction
(1) Tubing

(2) Val ence Cluster

Bend
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Q It ens Required

M1k Straws (Paper or
Plastic) (A

Tenper a (Post er)
Pai nts (B)

o Pi pe C eaners (O

-- Pipe deaners (D)
Fi ni shing Nails (E)

--  Soft Iron Wre (F)

Glue

Di mensi ons

0.4 cm di ameter,
approxi mately 20 cml ong

Bl ack, white, red,
yel  ow, green, bl ue,
orange

Approximately 0.1 cm
diameter, 1.5 cmlong

Approximately 0.05 cm
di anet er

M x a smal |l amount of liquid
or dissolved soap with the
tenpera paints (B) to reduce
Usi ng
this mxture, paint several

their surface tension.

mlk straws (A) according to
the atomthey are to represent:

Carbon - bl ack

Hydrogen - white

Oxygen - red

Ni trogen - bl ue
Sul fur - dark yell ow
Brom ne -
[Consult Note (ii) for

addl tional col ors.]

orange

Cut the straws into various
| engt hs dependi ng upon t he
scal e used and bond represent ed.

Bend a pi pe cleaner (C) into the
shape desired, and glue the

in the nmiddl e Wen the
gl ue has dried, adjust the

j oi nt

angl es of the arms of the

connector to suitabl e angl es.
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4\109°

Vertical

Arm —— ’
D120°

Horizontal /\

Arm
Vertical
Arm —_—
:) g0°
Hori zont al "

Arm

(3) Connectors
Pi pe d eaner

/ (0

CizTzz=

/

Nai | (E)
Soft Wre (F)

/

¥

c. Notes

Make tetrahedral (4 arms) shapes
with the angles of the arns at
about 109'.

Make trigonal bipyramd (5 armns)
shapes. Arrange the angl es

bet ween t he t hree hori zont al
arms to 120'. Adjust the two
vertical arns at right angles
to the horizontal arnmns.

Construct oct ahedrons (8-pointed),
Adj ust the angl es between t he
four horizontal arms to 90'.
Arrange the two vertical arms

at right angles to the horizontal

arns,

Construct strai ght connectors
to represent bonds bet ween at ons
by wrappi ng a pi pe cl eaner (C
around a nail (E). Vary the

I engt h of pipe cleaner used
according to the tightness

desi red.

To make angul ar connectors to
be used to conpl ete various
structures, bend a pi pe cl eaner
(C in half. Then wap soft
wire (F) around the pipe cleaner
and bend the assenbly to a 90’

angl e.

(i) These units can be used to build model s of al nbst any nol ecul e, The val ence

clusters represent atomc nucleii, the intersection of the arnms representing the

center of the atom The tetrahedral (4-arned) val ence cl uster depicts bond angl es



=20 -

of approxi mately 109°, for sp3 hybri di zed orbitals or atonms with eight electrons in
their val ence shell. The five-arned val ence cl uster can depict sp2 hybri di zat i on,
wi th 120" bond angl es, for atons engaged in (pi) bonds, as well as d sp3
hybri di zation, with 90° and 120° bond angles for atons with ten atonms in their
val ence shel | . The six-armed val ence cluster can represent sp hybridization with
bond angl es near 180°, or d2sp3 hybridi zation for atons with twelve el ectrons in
their val ence shell. The straight connector depicts O (sigm) bonds between |ike
or unlike atons.

El ectrons, whether bonded or unshared, are represented by the straws, color
coded and cut to scale.

The straws in a conpleted nol ecul ar nodel represent covalent radii of
bondi ng atonms, and van der Waals radii in the non-bond direction.

(ii) Below are charts* to guide the coloring and cutting of straws to represent
covalent radii or van der Waals radii. Any convenient scale may be used to
sinul ate the Angstromunit (A neasurenents of these forces. For exanple, a scale
of 10 cn A produces large nodels ideal for |ecture denpnstrations, while a scale
of 2 cmA yields snaller nodels suitable for student use.

Lengt h of Length of
Strawin cm Straw in cm Col or
At oni ¢ @val ent (Scale: (Scale: of
Bond Radii (A) 10 cm/A) 2 cm/A) Straw
C - single 0.77 7.7 1.5
C- double 0. 67 6.7 1.3 bl ack
C- triple 0.60 6.0 1.2
O- single 0.74 7.4 1.5
O- double 0.62 6.2 1.2 red
O- triple 0.55 5.5
N- single 0.74 7.4 1.5
N - double 0.62 6.2 1.2 bl ue
LN- triple D. 55 5.5 2.1

*Adapted fromthe Portland Project Commttee, Teacher Guide, Chemistry of Living
Matter, (Portland, Oregon: Portland Project Committee, 1971), pp 8-18.
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Length of Lengt h of
_ Strawin cm Strawin cm Col or
Bond At oni ¢ Coval ent (Scal e: of
(single) Radii (A 10 cm A) 2 cnl A) Straw
H 0. 30 3.0 0.6 white
F 0. 64 6.4 1.3 light green
Si 1.17 11. 7 2.3 light yell ow
P 1.10 11.0 2.2 vi ol et
S 1. 04 10. 4 2.1 dark yel | ow
a 1.00 10.0 2.0 dark green
Br 1.14 11. 4 2.3 orange
| 1.33 13.3 2.7 br own
Length of Length of
van der Vaal Straw in‘cm Straw ir.x cm Color
o {Scale:o (Scale:, of
Atom Radii (A) 10 cm/A) 2 cm/A) Straw
H 1.2 12.0 2.4 white
0 1.40 14.0 2.8 red
F 1.35 13.5 2.7 1ight green
S 1.85 18.5 3.7 dark yellow |
cl 1.80 18.0 3.6 dark green
Br 1.95 19.5 3.9 orange
2.15 21.5 4.3 brown
1.5 15.0 3.0 blue
1.9 19.0 3.8 violet
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B2. Single Bond Structures*

&———— (1) Carbon- Carbon

(5) H0 (Vater)

4——~n— (2) Car bon- Oxygen

SOAKXY
SO

e r boréHyetr ogen )

\ (4) CH, (Methane)

*Adapted fromthe Portland Project Conmittee, Teacher Cuide, Chemistry of Living
Matter, (Portland, Oregon: Portland Project Conmttee,19/1), pp 19-28.
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a. Materials Required

Conponent s Q It erns Required Di nensi ons
(1) Carbon- Carbon | Strai ght Connector (A) X/ Bl

2 Bl ack Straws (B) 1.5 cm
(2) Carbon- Oxygen 1 Strai ght Connector (Q X/ Bl

1 Bl ack Straw (D) 1.5cm

1 Red Straw (E) 1.5 cm
(3) Carbon-Hydrogen 1 Strai ght Connector (F) X/ Bl

1 Bl ack Straw (Q 1.5 cm

1 Wiite Straw (H 3.0 cm
(4) CHy (Met hane) 1 4-arned Val ence Cluster (1) X/ Bl

4 Car bon- Hydr ogen Bonds (F,GH 4.5 cm

[see (3) above]

(5) HO (Water) | 4-armed Val ence Cluster (J) XBL
2 Red Straws (K i 5 cm
2 Red Straws (L) 2.8 cm
2 Wiite Straws (M 3.0 cm
2 Strai ght Connectors (N) X/ Bl

b. Construction

(1) carbon- Carbon

-
P

Strai ght Connector (A)

(2) Carbon-Oxygen

(E) 0.74A ‘l [o.mi (D)
-

0 ¢

To represent this single coval ent
bond between |ike atons, cut two
bl ack straws (B) to a scale
representation of the single

bond coval ent radi us of carbon
(X/Bl), Note (ii). For exanple,
cut the straws to 1.5 cmfor

a scale of 2cmA Jointhese
two straws with a straight
connector (A).

To construct this nmodel of a

si ngl e coval ent bond between

unli ke atoms, cut one bl ack

straw (D) to represent the

si ngl e bond coval ent radius for
carbon (1.5 cm for exanple)

and a red strawto represent

t he singl e bond coval ent radi us
for oxygen (E) (1.5 cm. Connect
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(3) Carbon-Hydrogen

0.3A 1. 2A

l

J
C Jr‘ L L Van der Waal s

radi us of H
Nucl eus of H atom

9 0.77/31 ,

Coval ent radius of H

(4) CHy (Methane)

(5) H20 (Water)

these two straws with a straight

connector (Q.

Construct t he carbon-hydrogen
bond to include a representation
of the van der Wal s radius for
hydrogen.  Cut one black st raw
(G to indicate the single bond
coval ent radi us for carbon. Cut
one white straw(H to show the
coval ent radius of H(0.6 cm
plus the van der Waal s radius of
H(2.4cmy. Drawa line around
the white straw at the inter-
section of these two values to

i ndi cate the position of the
hydr ogen nucul eus, then join the
bl ack and white straws with a
strai ght connector (F).

Construct four carbon-hydrogen
bonds (F, G H) as descri bed
above. Jointhemal | together
at the carbon end by sliding
each onto an arm of the four-
arnmed val ence cluster (I)and
pushing all the straws together
so that the connectors do not

show.

Cut two red straws (L)to
represent the van der Waal s
radius of 0 (2.8 cm. These
will represent two unshared

el ectron pairs, Cut two red
straws (K) to indicate the

si ngl e bond coval ent radi us

of 0 (1.5 cm. Use a straight
connector (N to join each of
these with a white straw (M
representing the coval ent and
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van der Waal s radii of H(3.0 cn.
Connect the two red straws and
two O - H bonds with a four-arned
connector (J) asillustrated.

C. Not es
(i) Single coval ent bonds between |ike atons, such as the carbon-carbon bond,
may al so be represented by one
_ straw, appropriately col ored,
c C cut to twice the coval ent radius.
Thus, the carbon-carbon bond
woul d be represented by one black straw, 3 cmlong.

(ii) Unlike thespace-filling nodels of X/ Al, these nodel s do not show nol ecul ar

shape. The shape of the constituent atoms within a nolecule nust be i magi ned;
the scale and orientation of the parts of the nodel showbond | engths, bond angl es,

and bond t hi cknesses in reasonably accurate scale.

(iii) These skeletal nolecular nodels are based on atomic orbital geonetry, which
deal s with the behavior of electrons in paths, or orbitals, in the space around

t he nucl eus of an atom For a conpl ete discussion of electrons, nucleii, and
orbitals, consult recent chem stry texts, such as Cheni cal Bond Approach Project,
Cheni cal Systens, (Webster Division MG aw Hi ||l Book Company, 1964), Chapter 10.
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B3. Doubl e Bond Structures*

(1) He = o

/ (Et hene)

%
/(2) H,c = 0

(For mal dehyde)

Adapted fromthe Portland Project Commttee, Teacher Cuide, Chemistry of Living

Matter, (Portland, Oregon: Portland Project Commttee, 19/T) pp 28-36.



0




a. Materials Required

Conponent s
(D HyC=CHp
(Et hene)

(2) HC0
( For mal dehyde)

(3) CoHe

(Benzene)

(4) HCC=CH
(Al'l ene)

b. Construction
(1) HC=CHy (Ethene)

[\

S N S I N

N

W N NN WwWwN A

=
[ee]

18
12

o o0 o B
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I tems Required

Di mensi ons

5-arnmed Val ence Clusters (A) XBl

C-H Bonds (B)

Bl ack Straws (O

Bl ack Straws (D)

Angul ar Connectors (E)

4.5 cm
2.6 cm
3.0cm
X/ Bl

5-arned Val ence Custers (F) X Bl

Angul ar Connectors (G X/ Bl

C H Bonds (H) 4.5 cm
Red Straws (1) 1.2 cm
Bl ack Straws (J) 1.3 cm
Red Straws (K) 3.0cm
Bl ack Straws (L) 3.0cm
Red Straws (M 1.5cm
Strai ght Connectors (N X/ Bl

5-arned Val ence Custers (0) XBl

C-H Bonds (P)
Bl ack Straws (Q
Bl ack Straws (R

4.5 cm
2.6 cm
3.0 cm

5-arned Val ence Clusters (S) XBL

6-armed Val ence Clusters (T) X Bl

C-H Bonds (U)

Bl ack Straws (V)

Bl ack Straws (W

Angul ar Connectors (X)

4.5 cm
2.6 cm
3.0 cm
X/ Bl

First construct four GH

bonds (B) (X/B2). Then conplete
the H)C=CH, nol ecul e as shown.
Use three 2.6 cmbl ack straws

(O to represent doubl e bond
formation between | i ke at oms.

The central black straw(Q



(A)
(C)

o bond

(E) ' <

(2) HC=0( For nmal dehyde)

T

(1) (n) (9)

) (1)t(N) +(J)

I
=
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+——(L)

7
\

represents the abond. The
two outside sections of black
straws (C) represent the two
arms of the bond, the

t hi ckness of which is shown
by the four 3.0 cm bl ack
straws (D). Their length
represents the single bond

coval ent radi us of carbon

Construct this nodel showi ng
double bond formation between
like atoms. First, construct
three C=0 bonds representing
the double bond radii C(J)
and 0 (1), as shown. Make two
CH bonds (H) (X B2).

Use the 5-arned val ence clusters
(F) and angul ar connectors (G
to join the straws. Indicate
the thickness of the 171 bond by
red straws on t he oxygen si de,

bl ack straws on the carbon side.



(Q)

(3) CgHg (Benzene)

—

S—— Cut

0) Modified

/\(F %
\|//|

(0

One cor ner,

expl oded vi ew

(4) HC=CHy (Al lene)

-2 -

+ )

Cut off and discard one

hori zontal and one vertical arm
fromeach of twelve 5-arned

val ence clusters (0) to form

3-cornered clusters.

Make six C H bonds (X B2) (P).
Construct the three | ayered
Use t he
twelve 3.0 cmbl ack straws (R)

nodel as shown.

to represent the thickness of
the bonds (tw ce the single
coval ent radi us of carbon).

Use the ei ghteen 2.6 cmbl ack
straws (Q to represent the
bond | engt hs (twi ce the doubl e
coval ent bond radi us of carbon).
The shared-bond aspect of the
ring structure often pictured:

is represented in the nodel by
thethree-layeredstructure.

Construct four C-H bonds (U).
Use one 6-armed val ence cluster
(1), as well as two 5-armed
clusters (S), to connect the
t he conmponent s of the

H)C-C-CHy (all ene) nol ecul e.
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(v) Pl ace the 6-arned cluster (T)
as shown to indicate that the
nm ddl e carbon atomis bonded

to each of the side carbons.

17

47

o9

a
i)

C. Not es
(i) These four exanpl es of doubl e bond nodel s illustrate some of the conpl ex
doubl e bond forms that can be built. By applying the principles thus illustrated,

it should be possible to construct al nost any sinple or conpl ex doubl e bonded
mol ecul e.

(ii) because the forces holding two nucleii together in a double bond are greater
than those in a single bond, the nucleii are closer together, Thus, the straws
representing the C=C or C=R coval ent di stance are shorter than those representing
the G Cor CRdistance.

(iii) I'n the HO=0 (formal dehyde) nol ecul e, the slightly |onger tubing representing
the bond thickness at the carbon atomthan at the oxygen atomindicates a certain
strain on the doubl e bond. The coval ent radius of oxygen is used to nodel the
unbonded el ectrons, rather than the van der \Wals radius as in the nodel of water,
because the C=0 bond "pulls" or distorts the oxygen electron cloud. C=N bonds
may be constructed just as C=C and C=0 bonds; bl ue tubing represents N
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B4. Triple Bond Structure*

a. Materials Required

Conponent s Qu It ens Required Di mensi ons
(1) HC=CH 2 6-armed Val ence Clusters (A) X Bl
(Acetyl ene) 8 Angul ar Connectors (B) X/ Bl
2 G H Bonds (O 4.5 cm
5 Bl ack Straws (D) 2.4 cm
8 Bl ack Straws (E) 3.0 cm

*Adapted fromthe Portland Project Conmmittee, Teacher Guide, Chenmistry of Living

Matter, (Portland, Oregon: Portl and Project Conmittee, 1971), pp 36-3/.
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b. Construction
(1) HC=CH (Acetyl ene) First make two C-H bonds (C)
q (X/ B2) Then use two 6-armed

val ence clusters (A) and ei ght
~——(C) angul ar connectors (B) to

(E) connect the parts of the HC=CH
.J (acetyl ene) nol ecul e as shown.
The 2.4 cmbl ack straws (D)
i ndi cate the I ength of the
triple bond, and are cut to
represent twice the triple
/ %’_ coval ent bond radi us for carbon.

Bond t hi ckness i s indicated by
the 3.0 cmstraws (E) or twce
the single bond radius for
<— (D) car bon.
[p ()

(c)——=+

c. Not es

(i) Because the forces holding two nucleii together in atriple bond are
stronger even than those of a double bond, the nucleii are closer together. Thus,
the straws representing the C=R coval ent di stance are shorter than those representing
t he C=R di st ances. Nucl eii involved in sp hybridization with triple bond formation
are represented in the nodel by the 6-armed sp val ence cluster.

(ii) I'n the HC=B (acetyl ene) nodel, the central carbon-carbon bond represents
the Obond. The four outside sections of black straws represent two doubl e-arned
bonds.
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B5. Geonetric Structures*

/(

(2)

a. Materials Required

Conmponent s Qu | terns Required
(1) Straws o Paper or Plastic

MIk Straws (A)
~=  Pipe deaners (B)

b. Construction
(1) Straws

1) Straws

e d

Connectors'

Di nensi ons

Appr oxi mat el y
0.4 cmdi anet er

Approxi matel y
3 cmlong

Cut the straws (A) to any
conveni ent length, 5cm for
example. Paint the straws,

i f desired, with poster (tenpera)
paints to which a smal |l anount
of dissol ved soap has been added.

*Adapted fromD. C. Hobson and C. V. Platts, "MIk-StrawMl ecul ar Mdels,"

School Sci ence Review, CLXIII(1966)pp 694-701.
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(2) Connectors Bend t he cut pipe cl eaners (B)
to formright angles.

Insert the pipe cleaners (B)
into the straws (A), as shown,
to formsecure connecti ons.

C. Notes
(i) By selecting appropriate nunbers of straws and connectors, a variety of

geonetric forns may be built.
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C.  CRYSTAL STRUCTURE MODELS

. Crystalline Packi ng Model s*

S

(1) Body- Cent ered
-Cubic Unit Cell

(2) Face-Centered
Cubic Unit Cell

Hexagonal Unit Cel |

*Adapted fromJ. W Coakham W Evans, and H. Nugent, "!ntroducing Crystal Structures,”
School Science Review, CLXXIV(1969), pp 61-71.
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a. Materials Required

Conponent s Qu I tems Required Di nensi ons

(1) Body- Centered 9 St yrof oam or Foam Approximately 4 cm
Cubic Unit Cell Pol ystyrene Spheres (A di amet er

(2) Face-Centered 14 St yr of oam or Foam Approxi mately 4 cm
Cubic Unit Cell Pol ystyrene Spheres (B) di amet er

(3) Cosely-Packed 17 St yr of oam or Foam Approxi mately 4 cm
Hexagonal Unit Pol ystyrene Spheres (() di anet er
Cel |

b. Construction
(1) Body-Centered Cubic Unit Cell Make the spheres (A) from

Styrof oamor foampol ystyrene
I [> (X/Bl) or purchase spheres

froma comerci al source. Use

the nine spheres to represent
the atonms of the crystal
according to the "expl oded"

diagram Pl ace four spheres
inthe top and bottoml ayers,

and one inthe mddle. Use
t oot hpi cks, pi pe cleaners,
mat ch sticks, or cenment to

hol d t he spheres together,

Use t hi s expl oded di agram as
a guide for building the

face-centered cubic unit cell
from 14 spheres (B). Place
five spheres in both top and
bottoml ayers, and four spheres

in the nmiddle |ayer.
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(3) d osel y-Packed Hexagonal Unit Cel | Use sevent een spheres (C) as
illustrated to build the

cl osel y- packed hexagonal unit
cell. Place seven spheres in
the top and bottomlayers, with
three in the niddl e |ayer.

C. Not es

(i) The nodel s descri bed denobnstrate three-di nensional patterns found in
crystals of metals, where the atons are all of one size and the bonding forces
are equal inall directions. As with previous nodels, the use of nolecular nodels
ai ds the student in both understanding the structure and predicting the character-

i stics of the substances studi ed.

(ii) If it is necessary to construct crystal nodel s show ng different ion sizes,
snal | er or larger Styrofoamspheres may be used. For exanpl e, ionic crystal nodels
may be constructed using
spheres 2 cmin dianeter for
ani ons, and 0.2 cmdi anet er

0] for cations,
Ani on Cation
2 cm 0.2 cm

(iii) These nodels nay be al so used to denonstrate such aspects of crystal
structures as coordi nati on nunber, nost cl osel y-packed planes and M|l er Indeces,

(iv) For further discussions on the application of these nodels to the study
of the nol ecular structure of crystals, consult J, W Coakham W Evans, and
H. Nugent, "Sonme Aspects of Crystal Structure, Part |," School Science Review,

CLXXI X, pp 339-350.
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D. KI NETI C- MOLECULAR MODEL

D . Kinetic Theory Model *

(2) Dowel

(3) Marbles

a, Materials Required

Conponent s Qu ltens Required Di nensi ons
(1) Tray 1 Wod (A 1 cmx 30 cmx 30 cm
2 Wod (B) 2 cmx 2 cmx 26 cm
2 Wod (O 2cmx2cmx30cm
(2) Dowel 1 Wooden Dowel (D) Approximately 1.5
x 40 cm
(3) Marbles 250 Mar bl es or d ass Beads (E) Approxi mately1.0-1.5
cmdi anet er
5 Mar bl es or d ass Beads (F) Larger than the others

b. Construction

(1) Tray Nai | or glue the four wood
strips (Band C) to the flat
wood square (A) to forma
tray. Varnishthe tray inside
and out to provide a slick
inside and outside surface.

(2) Dowel Sel ect a dowel (D) to support
one end of the tray.

(3) Marbles Pl ace the marbl es or plastic
or glass beads (E) in the tray.
Use all of themto represent
the nolecules in a solid or
liquid. Use only 40 - 50,

*Adapted froml. D. Taylor, "Kinetic Theory Nodels," School Science Review,
CLXI1(1963), pp 780-783.
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plus the few larger marbles (F),
to represent the nmolecules in

a gas.
c. Notes

(i) To dermpnstrate, two-dinensionally, the kinetic activity of nmolecules in
matter, place all the marbles inthe tray. Rest one end of the tray on the dowel
so that the marbles all roll
to the opposite end, packing
into aregular structure
with each marble, or "nolecul e"
t ouchi ng si x nei ghbors.

(ii) Wien the tray is at rest, none of the "nolecul es" nove, representing the
theoretical condition of matter at absol ute zero. When the tray is gently agitated
back and forth, the "nol ecul es" pbegiin to vibrate and to show "thermal expansion".
They occupy a | arger volume, but generally retain the same relative position.
Cccasionally a few nol ecul es junp clear of the surface, representing the slight
vapor pressure of a solid.

(iii) Asthetray is agitated still harder, with greater anplitude, the "solid"
"melts" with the "increase in tenperature" (increase in kinetic energy). The

mol ecul es slip out of place,
t he vol une i ncreases, and

o © nore nol ecul es junp away from
O
— °© o o ° 4 o the surface.

@) 0 o0

000000 0,82 00" 9
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By sl owing down the rate and anplitude of vibration, the "liquid" can be
converted back toa "solid"'. Slowingthe vibration gently represents gradual
cooling and results in a regular structure. | f however, thevibrationsuddenly
ceases, rapidcoolingis denonstrated. The resulting "solid" shows an irregul ar
structure with many i nperfections.

(iv) For a denpbnstration of a "gas", nost of the nol ecul es are renoved, and

the tray is agitated nore rapidly than for the "solid" or "liquid. Al the
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nol ecul es nove rapidly and

randonl y about, traveling | arge

di st ances before colliding

with one another. Afewlarger
mar bl es, added to the "gas", nove
with snmall, irregular, jerky
notions, representing the

Browni an notion of dust or

snoke particlesinair.

(v) Ifa clean glass tray and overhead projector is available, the nodel may be

projected on a screen for a large class to see.

screen as shadows.

The "nol ecul es" show on t he
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