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GALTENKAMP MOLECULAR II{ODELS

MV-8O0. 805 and 870

1 . INTRODUCTION

These sets of nodels ane designed fon use in the educationar and
nese;rrch fields to nepnesent the spatial stnuctutres of onganic and
inonganic morecules. They compnise numbens of plastic balls
nePnesenting atons and colouned in accondance with the recornrendations
of the X-nay guoup of the Institute of Physics, togethen with close-wourd
steel spnings nePresenting intenatomic bonds. The balls a:re drilled
to pttsh-fit the ends of the springs and the angles of the dnillings ane
canefully chosen to nepnesent as accunately as possible natgnal bond
angles. Model atoms with the tGallenkampr univensal dnitling ane
included in sets Mv-800 and MV-805 because they perrnit the constnrction
of nodels with atoms in uncouunon valency states, co-ondination compounds
and crystal lattices. severar model atoms ane purpose dnilled fon
specific cnystal stnuctunes but the l4-hole univenial atom is suitable
fon all connon slrmmetries.

DESCRIPTION

The full r.rnge of individual conppnents is as follows:-

* BaIl dnilled compJ-etely thnough

SPRINGS

to represent hydrogen in bydnogen bonding.

lfV-8TO Spring bonds. Close wound splnal sprlngs, electnoplated finish.

25 38
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List No. Elenent Coloun Dia .
IRM

llcIes Hole configunation

MV-810
MV-81lts
w-812
MV-814
r{v-816
MV-817
MV-818
HV-8i.9
MV-820
MV-B2I
w-822
MV-824
MV-826
w-828
l'{V-830
MV-832
MV-833

MV-836

t{v-837

Hydrogen
Hydnogen
Halogen
0xygen
Canbon
Zinc
Nitnogen
0><ygen
Sulphun
SuJ.phur
Canbon
Metals
Univensal
Univensal
Canbon
Sodium
Halogen
(catcium)
(Caesium)
Halogen

llhite
White
Gneen
Red
BIack
Bnown
BIue
Red
YelLow
Yellow
Black
Bnown
Onange
Purple
Black
Yellow
Gneen

Yellow

Green

16
16
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

22

22

1
I
I
2
l+
4
r+
4
4

14
I4
t4
I4
l4

5
6
6

8

8

oihedrai as
Tetnahednal

t l

f l

t f

t l

Univensal

0. in H^0
aS c in'cclu

t l

t l

f t

t f

lbigonal bipynanid as [E(CO)
Octahednal as (Ft CL-)'-

, ,  o -

Body centred cubic

Ovcrall, lcngth 60 75



2. r CHEMISTRY SET MV-800

The 25 nm spning

c
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nepnesents the bonds:

H

H

H

)

)

)

Which are all about 1.58

The set comprises hydrogen, canbon, nitnogen, sulphun,
oxygen, halogen, metal and univensal canbon atoms, with
25 mm and 38 mm spring bonds. The set has veny wide
fields of application in chemistry as follows:

2.1.1 Organic Chemistrv

* to exhibit steneochemical pnopenties
f, betten benzene ring models
:t inter-nuclear distance comectly scaled
:t tnue valence angles
It appnoxinate indication of electron density
:t for constnuction of highfy strained molecule

models.

3-dimensional models can be made up which wiJ.l
exhibit all the ster"eochemical pnopenties of
onganie molecules (geometrical, and optical
isomenisn, confonnational intenconveision, etc. )

The plastics balls nepresent atomic centnes,
not atornic volumes, but the long and shont
bonding springs supplied give internuclean
distances^practically cornect on a scale of
35 mrn = lX

The 38 nrn spning nepnesents the bonds:

c_c)
N )

0 )

S )

ct )
H )

c
c
c
c
s

N

0

Hhich are all about l.Ol

rf it is desined to wonk on models of rangen scares, this
t"{ * done by the use of Iongen spning bonds. ^Using 39
and 60 nm bonds nesults in a Jcare-or [e mn 1 t8. using
the 75 run bond pnovides a scale of 60 ,* = t8, ,hich is
consistent with the scale of Garrenkamp pEEt ,oa"r" which
ane fon nolecular orbital studies.
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The valence-angle dnillings are also practically conrect,
so that stenic intenactions may realistically be assesscd
by dinect measurement on the models, it being
appnoximately true that un-bgnded atoms whose atonic
cer:tnes are nearen than 2-3 I (Z-10 cm) wilL intenact.
Thus the possibility of hydnogen bonding on configunatlonal
stnain may be shown on the models.

(See Fig. 1. Chain and boat fonms of eyclohexane).

A fu:rther feature of the use of ftexible spnings to
nepresent valence-bonds is that to some extent the spnings
pontray the actual distnibution of electron-density in thc
bond.

Thus, in the nepresentation of ethane, the single bond
between the two canbon atoms is illustnated by the single
spning. In ethylene, the double bond is repnesented by
joining the canbon balls with two spnings which pnotnude
above and below the plane of the molecule. Thus the
trigonal-planar valence distribution of the C atoms is
shown, the neduced C-C bond distance is approximately to
scale, and the pi-electron density distribution between
the C atoms is nepnesented by the two spnings. A none
accunate representation is pnovided with Gallenkamp pEEL
nodels in which the distinction between pi and sigma
bonding electnons is clearly pontnayed.

Similarry in the model of acetylene, the greaten reduction
of the C-C distanee is again cor"nect, and the cylindnical
natune of the pi-electnon cloud sunrounding the bond is
apparent. Thus the incneasing mechanical strength (and
thenefore incneasing infna-ned absonption frequency) but
also incneasing vurnenability to attack by erectnopnilic
neagents along the bond senies c-c, c=c c-c is welr bnought
ou t .

See (Fig. 2.  Ethane, ethylene and acetylene).

The constnuction of highly stnained molecules is also
possible and the nature of the stnain is graphically
illustnated by the frexing of the spr:ings fon wtrictr, titce
chemical bonds, angulan distortion is nelatively easy,
but linean extension retatively difficult. The spnings
enable stnained structunes (e.g. cyclopropane) to be
constnucted which could not be made with rigid-bond noders.

The flexibirity of the spnings neflects the flexibility of
onganic rnoredules themserves, and the various modes of
vibnation of nolecures and gltoups can be demonstnated, and
conreLated with thein obsenved infna-red absonption
fnequencies - a valuable educational featune in view of
the great impontance of infua-red spectnoscopy to the chenl.8t.

(See Fig. 3 Cyclopnopane).



The benzene ning cannot adequately be repnesented by
tetrahednally dri l led models. Fon this neason,
univensally dnilJ.ed canbon atoms ane included in the
s€t. These enable a benzene ning to be constnucted
showing the connect C=C distance, complete equlvalencc
of all canbon atoms, and the pi-electnon clouds above
and below the plane of the ning. The cleaneet
nepresentation of benzene is pnovlded by the PEEL
rnodeL of benzene in which the pi-nings are mounted
above and below the plane of the basic 6 canbon nlng,
This model shows the equivalence of all the canbon atomg
and el iminates the need fon a nesonance concept.

These ulivensally dnilled baUs are aIEo valuable ln
the nepresentatLon of compounde such as ferrocene
and dibenzene chnomium. Brown unlvensally dnllled balle
ane also included in the set to nepreeent mctals, or any
atom in a non-tetnahednal valency (e.g. nitnogen ln
nitnobenzene ) .

(See Fig.  4 .  Ni tnobenzene )  .

2 ,L,2 ,Inonganic Chemistnv

tt fon constnuctlon of pnactlcally any
' lnonganlc model

* the modenn appnoach to etectnon atnucturc
of compounds

* egpeclally ueeful for metal co-ondlnatlon
ehemistny

d! wldc nanEe of symmetnlee avrllablc.r to cxhlblt etenlrochemlcal propcntlca.
It le now wldely recognleed that a knowlcdgr
of the geometrlcal etnuctunc of many lnorgmlc
compounds le lmpontant ln understandlng thrh
chemlatny and electronlc rtructurc.

The Gallenkamp unlvensally dnlllcd modcl aton, r.. Srctlon g,
enablee modele of practlceily all lnonganlc mobaul.! to br
bullt and theln etaneochemletny cxplalncd. Thls Lr of
particuler lnpontancc ln the f,lcld of mctal-aoordlnatlon
eh.mhtry whrra at3rrochrmlerl ftrturrr m. of oonrtdartrbl,a
Lmportancc.

(Scc Flg. 5. Thr oalelurn aongh* of rthyl.n.-dlulnr-trtrr-lortrtr)r

2,f .3 Polvmcn and macno-molrculr chrmhtrv

The compact netLuc of thc nod.h p.nnltf thrln urr
fon eonctruotlng polyrnrrr Ind othar hrclo-tnolaoulaf.
Qultc hlgh molccuh! wrlghtt ney br tfinulrtrd
wlthout th. structunu brcomlng unwrlldy. Inportrnt
dctallg of thc conflgurrtlon brcom. rppu.nt ln r
rEy that le finpoulblr to nrproduct by drawlng.

(Scc. Flg.. 6. -A^rlllcont polyficr cheln of nollculrr
wclght about 500).
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2.2 CRYSTALLOGMPHIC SET. MV-805

* Vivid spatial repnesentation of atoms in lattices
* invaluable for discussion of cnystal pnopenties.

This .set comprises only un-i.vensally dnilled balls, orange,
purple and bnown in colour. The connecting spnings ane
38 nm and 60 mm. With large and complex models the use
of the longer connectors is necommended. The tvro connectot:
J.engths give atomic centne spacings in the natio of I:2.

2 ,3 DEMONSTMTION SET MV-870

The dernonstration set is suitable fon teachi.ng tAr level
and mone advanced chernistny courses. It contains atong
of each tSpe and 25, 38 and 60 mm spnings. I{ith its
components both chemistny and cnystallognaphy modele nay
be assembled. AIso included in this set is a stencil
which facilitates the dnawing of the models which ane
constructed.

THE UNIVERSAT MODEL ATOM

This is a ball drilled with 14 holes, dinected as in the diagnam
along two intensecting planes at night angles. The holes dinected
arong the line of intensection of the pranes (holes r and 2) are
tenned the frpoles" of the model; they senve to onientate the model
fon the user: and are neadily located as the conesponding requatonl
is moulded round the baIl.

such an arnangement has many possible fonms of symmetny and the
forlowing geometrical fonms, togethen with many subtnactive fonns
included in then, may be constructed.

t. Dibednal

:i.

2. Tnigonal

3. Tetrahedral

4. Square-planan

The^following angles are avqilable:
1 8 0 :  ( r , 2 ) , 1 4 5 "  ( 4 , 9 ) , 1 2 5 "  ( 1 , 5 ) ,
r r g "  ( 3 , 9 ) , 9 q "  ( 1 , 4 ) ,  ? 0 "  ( 3 , 5 ) ,
5 5 -  ( 1 , 3 ) ,  3 5 '  ( 3 r 4 ) .

Thnee holes directed towands the
cornens of an equilatenal tniangle
( l - ,  5 ,  1 r ) .

Foun holes directed towands the
cortnens of a negulan tetnahednon
( 3 ,  g ,  g ,  1 4 ) .

Foun hqles dinected towards the
conners of a squane, tbus making
two axes at r ight angles ( Ir2r4r l0).

Foun holes directed altcrnately
15" above and below the cornens of
a  square .  (5 ,  5 ,  10 ,  13) .

5. Square-puckered



6. Tetragonal-pvnamid

7. Pentagonal :l

8. Tnigonal-bipvramid

9. Hexagonal

Five holes dinected to the corners
of a tetragonal pynamid (I ,  5,  8,
1r., 14 ) .

Five hoLes directed towands the
conners of a negular pentagon (1,
2 ,  3 1  5 ,  1 0 ) .

Five holes, three dinected to the
corners of an equilateral triangle,
and two forming an axis passing
through the centre of the triangle
a t  n i g h t  a n g l e s .  ( f r  S r . 7 , 1 1 ,  l g ) .

Six holes directed to the corners
o f  a  negu lan  hexagon.  ( t ,  2 ,  3 ,  5 ,
9 ,  1 1 ) .

Six holes directed towards the cornens
of a negular octahedron, making thnee
axes mutually at night angles.
( L ,  2 ,  4 ,  7 ,  r o ,  1 3 ) .

Six holes dinected towards the cornens
of two similar:ly onientated equilateral
tniangles, above and below the plane of
t h e  a t o m  ( 3 ,  5 ,  6 ,  B ,  l O ,  1 3 ) .

Eight holes directed towands the cornens
o f  a  c u b e .  ( 9 ,  5 ,  6 ,  g ,  g ,  1 1 ,  1 2 ,  l 4 ) .

0ctagonal

1 1 . Trisonal-biorism *

L2. Pentagonal-bipvrami-d Seven hores, five dinected to the
conners of a rectangular pentagon, and
two fonming an axis passing thnough the
centre of the pentagon at night angles.
( L ,  2 ,  3 ,  5  ,  7 ,  L O r . 1 3 ) .

13 . Hexagonal-bipvnarnid Eight hores directed towards the connens
of.a regular. hexagon and two fonming an
axis passing thnoush the centre of ihe
hexagon a t  n igh t  ang les .  ( f ,  2 ,  3 ,  S ,  7 ,
9 ,  1 1 ,  1 3 ) .

10 .

L 4 . g,ig

It wiII be appneciated that not all these symmetries can be mathenaticarly
exact with so few holes in the moder. Howeler, most of them ane
sufficientry close fon most pnactical purposes, ana those marked with anaste!'isk ane adeqtrate for demonstration. 

-rf 
they ane made up into cnystal

lattices, the bending of the intenlinking spnings wilr, of ctunse, take upany small depantures from correct geonet;y in tf,e balri thenselves.
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ATOMIC MODEL : UNIVERSAL DRILLINO
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Fig. 5
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Fig. 7


