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THE TRIPLET STATE
by B. Halton, B.Sc., Ph.D., ANZIC. and Margaret P. Haiton, M.Sc, Ph.D.,

Department or Chemistry, Victoria University of Wellington, Wellington.

The absorption of radiation by a molecule
in the ultraviolet or visible regions of the
electromagnetic spectrum leads to electronic
excitation and the formation of excited sing-
let and triplet species high in energy. Interest
in these excited states first arose from the
interpretation of the phenomena of fluores-
cence and phosphorescence where deactiva-
tion to the ground state occurs, but with the
increased activity in the field of organic
photochermistry*—chenucal  reactions  pro-
ceeding from an excited state—a more
detailed study of the triplet species has been
necessary.

The Nature of the Triplet State

In general, a molecule in its ground state
has all of its electrons spin-paired with two
in cach molecular orbital® On absorption
of clectromagnetic radiation, electronic ex-
cttation results in one electron being pro-
moted from the highest occupied molecular
orbital to the lowest unoccupied antibonding
orbital.® Two possible electron spin arrange-
ments may then result, that with the elec-
tron spins parallel being termed the triplet
excited state, and that with the electron
spins antiparallel (paired) being termed the

L

—}—
—}—
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Figure 1
Molecutar Orbital Spin States

singlet ¢xcited state (Figure 1). The names
singlet and triplet result from the mult-
plicity M, observed in atomic absorption
or cmission spectra where M =2841, 5
being the total electron spin of the system.
Thus in the excited state with parallel elec-
tron spins, S=1 and hence M =3 (triplet),
and for the species with antiparallel clec-
tron spins, S=0 and M =1 (singlet). The
first excited singlet and triplet states are
denoted by S, and T, respectively, and the
ground state singlet by S, Higher excited
states, S,, T. etc., would result from the
promotion of an electron to a higher molec-
ular orbital as is observed in flash photolysis.
Not all molecules exist in their ground states
as singlet species S, and, although a ground
state triplet is unusual, oxygen and nitric
oxide provide the most noted examples,

The potential energy curves of a typical
organic molecule are shown in Figure 2
where the excited triplet state 15 of lower
energy than the corresponding singlet. This
is supported by both theoretical and experi-
mental data and results from the maximum
multiplicity (parallel spins) of the triplet
state being preferred, in accord with Hund’s
rule. Furthermore, the geometries of the
ground state singlet, excited singlet, and
excited triplet state differ at their energy
minima as a result of the differing electron
distributions. Because a spin inversion is
required for T, to collapse to S,, with loss
of excitation energy, the lifetime of the ex-
cited triplet state is longer than that of the
corresponding singlet state (10°" —10-* sce.
and 10-* —10% sec. respectively) where no
such spin barrier to deactivation exists.
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Potential Encrgy Diagram

Population of the Triplet State

A high triplet state population cannot be
obtained by direct irradiation of a molecule,
since singlet o wiplet {Sy—T,) excitation
is spin forbidden by quantum mechanics.
Theory predicts that there should be no
S,—T, absorption, whereas in practice weak
bands for this transition are observed in
the utraviolet spectra of a variety of mole-
cules, together with strong bands due to
the allowed 8,—8, transitions. The intensity
of a given uliraviolet absorption band,
measured by the extinction cocfficient ¢,
corresponds te the probability of the transi-
ton occurring. Thus for S;—5, transitions
e 1§ ¢a. 10% while for §,—T, transitions ¢ is
¢a. 107 The reason that very weak absorp-
tion occurs at all is because the true nature
of a given state, singlet or triplet, includes
some mixing with other states. Thus the first
excited triplet state Ty, is more accurately
described as being largely T, with small
components due to S,, S;, T;, and perhaps
other excited states. A complete theoretical
description of the 8,—T, transition must
therefore incorporate such mixing, and the
outcome of this 15 a correct prediction of
weak absorption due to the three components
{a—c):

(a} Interaction between the electron spin
vector and the orbital angular
momentum  vector (spin-orbital
coupling) occurs between S, and T,
and some S, character must be in-
cluded in the description of T,. Thus
weak absorption will arise from the
5,—S, character of the transition.

{b) Further spin-orbital coupling, be-
tween S, and the triplets T, . . . Ty,
must also be included and thus there
will be a contribution from the allow-
ed T,—-7T), transitions.

{c) The mixing between §, and T, re-
sults in contributions to the absorption
band intensity by the S, and the T,
dipole moments.

The 5,—T, absorption band intensity can
be [urther enhanced by the presence of
heavy atoms in the molecule which character-
istically have greater spin-orbital coupling.
For example, 9,10-dibromoanthracene has
more Intense 5,—7T, absorption bands than
anthracene itseif.

While the direct S,—7T, transition can be
rationalised, the low intensities of the absorp-
tion maxima observed preclude this from
heing an effective method of obtaining a
high triplet state population.

Transitions {roin ground state singlet to
excited singlet occur with spin conservation
and are therelore allowed, occurring with
high extinction coefficients. Consequently,
absorption of radiation by a chromophore
will give rise to a high excited singlet state
population. For i molecule whose excited
singlet and triplet states are of comparable
energy, a transfer from 8, to I’} can occur
when the energies of the two states are
identical, corresponding to the point where
the singlet and triplet energy curves cross
{Figure 2}. Such a process is termed inter-
system crossing and 15 a radiationless transfer.
The excited triplet so formed is in a high
vibrational Jevel and rapidly passes to the
lowest level, with the evolution of heat. Con-



Vol 35, No. 5, Oclober 1971

sequently, the excited triplet once formed
cannot readily revert to the parent singlet
state. Successive transfers from S, to T, in
this manner result in a significant triplet state
population. The efficiency of intersystem
crossing can be described by the quantum
vield @ which is defined at:
number of triplets formed
Py =

number of photons absorbed

Carbonyl compounds provide the most
noted examples of this process with high
guantum yield.

Not all mwolecules possess efficient inter-
system crossing, and for these systems an
alternative route to the triplet state must
be used. This involves the transfer of ex-
citation energy on collision and is known
as sensitisation. Collision between a ground
state molecule, an acceptor A,, and an ex-
cited triplet state species, a donor I, can
result in the transfer of excitation energy
and formation of triplet state acceptor and
ground state donor, with conservation of

spin:’
. }]p ISC
Dy — D (Singlet) ——— D (triplet)
collision
D (triplet) +A; ———— Dy-+A (triplet)

D = donor {e.g. carbonyl compound) ;
A - acceptor {e.g. olefin}.
[SC = intersystem crossing.

For sensitisation to be effective, the donor
molecule must have an efficient intersystem
crossing process to the first excited triplet,
which must be sufficiently long lived to allow

Ds ) ‘ —_— fAs
‘D'r
Ay
e]
D,
A.
Deuer A eccgprir
Figure 3

Energy Level Diagram {or Sensitisation

collision to occur {ea. 107° sec.). Further-
more, it is important that the energy of the
donor riplet be greater than that of the
acceptor triplet state while, at the same time,
the donor singlet state should be lower in
energy than the acceptor singlet state (Figure
3) to prevent singlet excitation of the ac-
ceptor by singlet donor.

Sensitisation is well illustrated by the
naphthalene-benzophenone  system.  The
criteria outlined above for the donor species
(sensitiser) are satisfied by benzophenone,
and triplet excited naphthalene is formed
quantitatively when a benzene solution 0.1 M
in benzophenone and naphthalene is irradi-
ated at 370 nm where only benzophenone
absorbs (Table 1). Sensitisation is therefore

TABLE 1
Excited State Properties

E, 107% J mole™

Benzophenone 3.75 320
Naphthalene 3.27 367

Species

Anm

E; 107 ] mole™ T sec & st
2.55 10-# 0.4
2.87 1072 1.0




136

the method of choice for populating the
triplet state when intersystem crossing is in-
efficient.

Characteristics of the Triplet State

Deactivation of a triplet species by ihe
emission of radiation and conversion to the
singlet ground state gives rise to the phen-
omenon of phosphorescence which is charac-
teristic of the radiative interconversion” of
states with cissimilar spin. Poth fluorescence
{radiative interconversion of states with the
same spin) and phosphorescence have been
known [or a considerable time, but it was
only in 1944 that Lewis and Kasha estab-
lished that phosphorescence was character-
istic of the T,—5, conversion. The presence
of a weak absorption band in the ultraviolet
spectrum of a molecule is further evidence
for the existence of a triplet species, and was
first shown to be due to a S,—T, transition
by Sklar from the weak absorption at 340 nm
in the benzene spectrum.

A molecule in its triplet state has two un-
paired spin-parallel electrons and is therefore
paramagnetic.  However,  paramagnetism
alone does not characterise the triplet state
since a diradical can also exhibit the same
muynetic properties. By far the best diagnos-
tic tool for identifying a triplet species is
electron spin resonance {esr).! A wiplet
species consists of a set of three sublevels
which arise from the magnetic quantum
1 or 0, since the total
spin S=1. In an external magnetic field
these sublevels are split and the esr technique
ohserves transitions between them. Even in

numbers, M, = =

the absence of an external magnetic feld,
splitting can occur due to the total electron
environment and this is known as “zero
field splitting”. Initially applied to an exam-
ination of the naphthalene triplet, the esr
technique has become increasingly important
in both diagnosis and examination of the
triplet state. Triplet state lifetimes can be
determined from the decay of the esr signal
and information about w-clectron delocalisa-

Chemistry in New Zealand, Journal of the New Zealand Institute of Chemistry

tion is obtained from vanations in the zero
field splitting with substitution. The zero
field splitting 1s also characteristic of the
mode of formation of the triplet state species
such that n—»#* and =—=7* triplet excitation
can be distinguished. Furthermore, the elec-
tron densities at different positions in the
molecule can be obtained from the observed
hyperfine splittings. Thus the applications of
electron spin resonance are numerous,” and
by this technique will be of value in under-
standing the energy transfer processes in pro-
tein molecules.

The Triplet State in Photochemistry

The deactivation of an excited state species
can occur by loss of excitation energy on
collision with o ground state molecule (sen-
sitisation or quenching): by emission of
radiation (fluorescence or phosphorescence) ;
by conversion to a high vibrational level of
the ground state with subsequent loss of
vibrational energy; or by chemical reaction.
It is this last process that forms the vast
field of photochemistry where reactions pro-
ceed from the excited singlet and excited
triplet states.! In many instances the reaction
products formed from the excited singlet
and triplet states differ. Thus direct irradi-
ation (S,) of (1) leads to the
cyclobutane derivative (2) and «-pinene
{3), whereus the sensitised wrradiation (T,)
affords (4) as the sole product.

Y9

1 =

myrcene

ey
z&
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In like manner singlet butadiene gives the
valence bond isomers cyclobutene and
bicyclobutane, whereas the triplet  state
reaction results in dimeric products. The
course of the reaction of a 1,5-diene is com-
pletely dependent on the electron state from
which the reaction proceeds. The triplet state
reaction results in cross-addition, the excited
singlet state reaction leads to [1,3] migra-

fape rearcargezent

"] N
N -

{11 allylic shit:

cross-addition

tion across the allyl system, and in the
ground state a Cope rearrangement is ob-
served. The majority of the photochemical
reactions of carbonyl compounds proceed

157

from the triplet state because of their effici-
ent intersystem crossing.

0
M, X =
R R O-—r

Q hu

)
8
R
0
H
n— v
H
L
MECH=C}!
/ eh,

0K
hu
AT =
n—— g

HEAC0

Thus the rapidly developing field of
photochemistry has led to renewed interest
in the nature of the excited states involved,
and because of its longer lifetime the triplet
species is of prime importance. ’
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OBITUARY
Thomas Hagyard B.Sc,, Ph.D.(Lond.), M.I.Chem.Eng., F.N.ZIC., M.NZLE,,

Reader in Chemical Engineering, University of Canterbury.

Tom Hagvard received his early education
in Stockton-on-Tees. He graduated B.Sc.

and Ph.D), from London University, After

working for many years in industry in Great
Britain he came to New Zealand in 1950
to take up an appointment as Scnior Lec-
turer in Applicd Chemistry at Canterbury
University College.

In the twentyone vyears that followed,
Hagyard played a major role in the growth
of Chemical Engineering from a minor
activity within the Chemistry Department to
a full department with an academic staff
of 11 members. He, more than anyone clse,
was responsible for the development of both
breadth and depth in teaching and rescarch
in Chemical Engineering at Canterbury. Fle
encouraged post-graduate research  before
it was generally recognised that this was an
cssential activity of an engineering depart-
ment, and was himsell onc of the most active
research workers in the Faculty of Engin-
cering. His research activities revealed both
his wide rvange of interests and his concern
with the development of chemical industry
in this country. Fundamental studies of
clectorde  kineties, work which received
international recognition, was carried out
alongside research on the production of
chemicals from turpentine, studics of the
production of plastics from indigenous raw
materials, and investigations of the use of
fluidisation for preventing the formation of
sand bars at rivermouths and harbour en-
trances. It is a sad comment on the timidity
of both industry and governmeni that so
many of Hagyard’s efforts to arouse interest
in development of New Zealand chemical
industry were not followed up. His work,
started almost ten years ago, on the manu-

facture of anode carbon from West Coast
coal has recently, with the construction of
the aluminium smelter at Blufl, begun to
receive the recognition” and support from
government sources which it should have had
much earlier. His efforts to promote chemi-
cal industry in this country did not stop at
his own rescarch. He provided encourage-
ment and stimulus to his colleagues and was
a constant goad to hoth industry and govern-
ment.

In his teaching Hagyard set high stan-
dards. There are many of his former students
who, though they perhaps did not appreciate
his methods at the time they were under-
graduates, now remember with warmth and
respect the demands he made of them.

The estcern in which Hagyard was held
by his fTormer students was shown at a
symposium held in May of this year. Almost
hall of all graduates from the department
returned from all parts of the world to help
celebrate his twenty-one vears at Canter-
bury, and to honour him in the year of his
impending  retiretnent. The record of this
symposium is a lasting tribute to the man
and to his work.

.

His sudden death on 9 August came as a
shock to his friends and colleagues, and
hrought to an untimely close 2 major chapter
in the growth of the University of Canter-
bury.

Tom Hagyard’s influence, through the men
he trained and through his research, will
however, be felt for many vears to come and
many developments in New Zealand
chemical industry yet to take place will trace
their origin back to him.

—AG.W,
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For some decades now, the mechanisms by which
metals anodically corrode have been the subject of
investigation. My own work is a mechanistic study
of the anodic dissolution of nickel, and its relation-
ship to those of iron and cobalt. Owing to its
extensive industrial use, iron has been studied
widely; cobalt and nickel less so. Even so, strong
disagreement still exists for all threc metals despite
the fact that the mechanisms scem to resemble
one another closely.

Let us examine Arst a potential-pH diagram for
nickel. Figure 1 is a so-cailed Pourbaix Diagram,
This is a plot of equilibrium potential vs. pH for
the nickel-water system. It can be scen that up to
a pH of about 6, nickel is in equilibrium with its
aqueous species, Thus if nickel is anodised in this
region, agueous nickel 24 ions should be formed.

Ni + xHaO —— NiZ* xHo0 + 2¢”
There should be no solid film, and the metal

159
THE ANODIC DISSOLUTION OF NICKEL*
G. T. Burstein
(Chemistry Department, University of Auckland, Auckland, New Zcaland)
T kog
a
1
| .

should dissolve freely and continuously. This is
so-called active dissolution. As the potential in-
creases further, a solid phase can be formed. This
phase which is stable, compact and adherent to

\ T T T T P ¥ Y

M. Pourbaix.

12
EdV, NHE)
os

Nig,

Odr

Ni(OH),

pH
12
A

§ o r ¢ & 8 0w 1

POTENTIAL-pH DIAGRAM FOR Ni-H;0 SYSTEM AT 28°¢

Fig. 1

*This paper was awarded the Institute Prize in the
Students’ Papers Session at the N.Z.I1.C. Con-
ference, 1970

_ <

FIGURE 2—lGencral Anodic Polarisation Curve
for Nickel

A — Active dissolution of nickel

Ni = NiZ*{a,) + 2¢*
A" — Pre-passive film present on metal surface
B — Flade Potential, Passivation occurs

Ni 4+ H2O — NiO - 2H" + 2¢°

or Ni 4 2HoO — Ni{OH)a 4 2H* 4 2¢°

I — Passive nickel
DD — Transpassive nickel

2H0QO — Os -} 4H' -} de”
X — Cathodic reaction becoming important.

the electrode sur{ace, blocks the passage of a
current, and the metal is said to be passivated. At

pH>6 no soluble ion is formee, and a thick film

of the oxide or hydroxide predominates.

1t will be shown that the metal-oxide line may
be extrapolated back into the active region, where

it represents formation of a meta-stable Rlm of
some molecular lavers in thickness. Both iron and
cobalt exhibit similar characteristics in the poten-

tial-pH diagram, but on different scales.

Consider next the general characteristics of an

anodic polarisation curve for nickel in acid solu-

tion as shown in Figure 2. As the potential E is
increased, active dissolution occurs to give aguated
Nit**. For this region the current density i follows

the plot log i @ E. This is (he particular region
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1 am studying. As the potential rises the current
reaches a maximum and then suddenly drops,
almost te zero. At this potential, known as the
Flade potential, a film of metal oxide has been
formed over the clectrode surface and passivation
occurs. The electrical resistance of the film causes
the current to drop. As the potential increases, the
film grows slightly with the current barely increas-
ing. Finally the so-called transpassive region is
reached and the potential once again bhecomes
proportional to log i. At this stage the film itself
may be oxidised to some soluble species, or as it
occurs on nickel, O» may be evolved.

The region I am studying is therefore the active
region where E a log i. The Talel equation, which
dates back to 1905, is more accurately

E—=a4 blogi
23RT ok
b = Tafel slope = —— - = ———
Anl ?og i
23RT
A= -——log in
AnF
where R = gas constant, T = absolute temn-

perature, F = Faraday = 96,500 C moll, n =
number of clectrons lost in the rate determining
step of the clectrode reaction, and 8 is the transfer
cosfficient, which in general terms gives a measure
of the symmetry of the cnergy barrier in the re-
action, where O < B <« 1. In practice 8§ = §
approximately.

Finally, the exchange current density iq is equal
to the individual anodic and cathodic densides 1.
and 1. respectively, at the equilibrium potential.
No net current flows, so 1., = i, = i.. Thus by
ploting E vs. log i, a and b may be obtained and
hence 8 and n.

Experimentally the potentiostatic sweep echnique
was used. Figure 3 shows a hlock diagram of the
circuit. A selecied ramp potential is fed from the
wave gencralor into a potentiostat which in turn
gives out a similar ramp with respect to 2 refer-
ence electrode. The potentiostat alse produces the
requisite current to flow through the nickel elect-
rode and a platinum counter electrode. The cur-
rent is measured as the voltage across a standard
resistor, and the potential is measured hetween the
nickel and reference electrodes. These are recorded
on an X-Y recorder or an oscilloscope. The nickel
clectrede is in the form of a rotating disc electrode
cncased in glass. Rotation is carried out to mini-
mise diffusion control.

Consider now a set of results obtained by ano-
dising nickel in 1M perchloric actd. A set of con-
secutive readings is shown in Table 1. Good linear-
ity occurs over a limited region giving an average
slope b of 90 mV per decade of current. The
scatter however is fairly wide. This scatter is also
shown by inspecting values of the current density
taken at a particular potential. As can be seen,

wWaAYL
tentiostat
generator
POTENTIDSTATIC CIRCUNT
%y fetarder or ——
oxcillescepe
Figure 3
w.e. — nickel working electrode
c.e. — platinum counter electrode
ref. — saterated calomel reference electrode

..
2y

L (A em™

-+ 2

E {mV NHE)
-200 ? +200 + 400
1 1 1

Figure 4

Anedic dissolution of nickel, showing pre-passive
film formation peak (A), and film reduction
peak (B).

Electrolyte 1M HC10,
Forward sweep rate 33 mV sl ———
Reverse sweep rate 333 mV 571 —  —
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hysteresis almost always occurs between the forward
and backward sweeps. The hysteresis has been the
cause of much difficulty in the interpretation of
the results. It appears to be irregular and exhibits
a slow drift with time.

The lower part of Table | shows some results
obtained by other workers under slightly differing
conditions, and showing enormous variation. For
a Tafel slope of 120 mV. the rate-determining

step is a onec-electron loss {n = 1, § = 05),
For a slope of 60 mV the slow step can be a
simultaneous 2-electron loss (n = 2, 8 = 0.5) or

a single electron loss. A typical Tafel line takes
the form shown in Figure 2. When forward and
reverse sweeps are included, hysteresis is encount-
ered with the reverse sweep lower than the
forward sweep. Hysteresis also occastonally occurs
with the forward sweep at lower current than
the reverse sweep. [t is found that well before
complete passivation occurs, a hump appears in
the polarisation curve (shown dotted in Figure 2)
where the current drops briefly, and then continues
to rise. Thishump is an all-important factor for it
indicates the presence of a “pre-passive” film on
the metal surface—a film which passivates the
metal pardally, and then permits further active
dissolution.
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This pre-passive film, if indeed 11 does ocecur,
should be able to be reduced and its, reduction
observed. However, the film is only meta-stable,
since it is directly soluble in the strongly acid
electrolyte. Once it is formed it undergoss continu-
ous formation at the mectal-film interface, but also
undergoes continuous  dissolution at the Alm-
clectrolyte interface. Thus, to establish its presence
a forward sweep must be made to enable the
film to form initially, and then a high-speed
reversed sweep may record a film-reduction peak,
provided the sweep is sufficiently rapid to allow
some oxide to remain by the time the reduction
potential is reached. Such a sweep is shown
in Figure 4. The forward sweep was made at
33 mV sec! and although the sweep has gone
off scale, a large film formation hump (A) was
observed., The reverse sweep made at 333 mV
sec”l shows a cathodic hump (B) at a potential
slightly more positive than that for cathodic
hydrogen evolution. Calculation shows that peak
B corresponds to the reduction of 2 molecular
layers of oxide film over the entire electrode
arca. Notice that the cathodic peak B is con-
siderably smaller than the anodic peak A, implying
that the film had partially dissoived in the
electrolyte  before the reduction potential was
reached.

TABLE 1. Anodic Disselution of Nickel
G. T. Burstein, 1969

25°C 860 r.p.m. 1.00M HCI0,4
Potential Sweeps

dE : ;
ds Sweep Direction b . P (240 ml)
WV sec-l nV mA em™-

3 + 96 4.4

3 — 96 4.4

ks -+ 97 3.9

3 — HH1 4.6

8 4 9 4.0

8 — 91 4.0

8 + a0 3.7

8 — 74 4.0

17 + 92 : 5.7

17 a1 3.7

1.7 — 91 122 +
1.7 + 80 4.6 —
3 -+ 93 2.8

3 — a5 8.5

3 -+ 93 5.9

3 — 92 8.4

Mean i {240 mV) = 45 = 1.2 mA cm™

Mean b = 90 = 5 mV
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In order to deduce a mechanism for the purely
active dissolution process, sweeps were made in
concentrated perchloric acid, and also in another
clectrolyte consisting of fluoride jons in an acetate
buffer at pH 5. Both of these failed to eliminate
film formation, although some interference with
passivation was shown by F-

However, runs donc in the presence of chloride
ions shows rthat chioride accelerated the reaction
1o such an extent that the active region lay well
helow the metastability line in the Pourbaix dia-
gram (shown as dotted line in Figure 1). These
results, together with some others, are shown in
Table 2, '

From these results a mechanism can be postu-

lated, althengh this is far from proven, The
mechanism is as follows:
K.
Ni 4 CF = NiCl" (..) (0)
kq
NICI () 7 NiGl (ame) 4 o ()

k-y

TABLE 2.
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ke
NiCl(aa) -+ H* + CI" — NiCly + H(u) (2)

Hiw) —

k

:->H*—|-c‘

(3

Coverages of ahsorhed species:

NiCI (o)

NiCl{ses)

Hoa)
Ni

where O < 8 < 1

Assumpuons

t

o

By
(1-8-82-8y)

(a) <Oy, B3<<H)

{h) The Langmuir isothenn holds
for reaction {Q), ic., 6, <
0.2 ur 8y > 0.8.

() NICl(uw») is.in a steady stage,

dé.

e, — = 0

Anodic Dissolution of Nickel

dt

Results
Rolating Disc Electrode; 25°C; Potential Sweep Method
Electrolyte .pH_ . Average Tafel Slopes {mV) Comments
{(*H" acuvity)
Tve sweep | —ve sweep severe hysteresis;
IM o, pre-passive filin
HC104 0 93 86 formed on metal
surface
. hvsteresis; pre-
eame. HC104 {11.9M) * very large 123 9 passive film formed
on metal surface
~ severe hysteresis;
IM HOAc, IM NaQAc 4.75 104 severely pre-passive film
NaF up to 0.46M curved formed on metal
surface
HC1, HC104 such * 13w 23 b = 117 mV maximun very little
that [HCI1] 4 d log hysteresis; no
[HC104] = 3M _— =1 film formed
é log [CI)
HC1 + HCI104 o b = 60 mV  minimum very little hysteresis;
such that dlogi no film formed
[HCI1} 4 [HC104) = IM —— = 2
9 log [CI7]
HC1 - NaCl 300 b = 60 mV  minimum very little
such that dlogi hysteresis; no
[HC1] 4 [NaCl} = IM = 1 film*formed

3 log [H¥]
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o,
Ki = —m—
(1-&){Cl]
{ BFE }
vy = ky#; exp I _ |
L RT |
[ (BFE |
v = kat exp | ————— |
RT ]
vo = kaga [CI7][H']
[ BFE ]
vy = kaf: exp | — |
L RT J
Also i = 2Fw
By employing the above assumptions,
. [ ABFE}
2FKokko[CUP[H'} exp | —— |
[ RT
i=
[ (BOFE )
(1 + K[CIT) (koy exp | ———— Jf + ke[CH] [H'])
L
Assume
K. to be sufficiently small that Ko JCIT] << |
BFE ]
2FK.k ks [CIT][H'] exp | —— |
Then i L RT )

( (B1)FE ]
ki exp | ——— | + ke[CI][HY]
RT ]

Case (a) For high E or high [CI7] [H"]

[ (B1)FE )
ko [CFI[H) > > ko exp | —
L RT ]
[ BFE ),
i = 2FK.ky[CI) exp | — |
L RT ]
Predicts:
For g = 0.5, b = 120 mV -
dlogi
- =1
2 log {CI7]

Reaction (1) is rate determining

Case (b) For low E or low [Cl7] [H?]
[ (F1)FE ]
ke[CH] [H'] << Koy exp | —

RT

i = 2FK.kike[CIR[H'] exp (FE/RT)
where K, = ki,

Predicts: .
h = 68 mV, and independent of 8.
? log i Ologi .
= 2: = 1

2 log [CI7) @ log [H']

Reaction (1) is in rapid equilibrium com-
pared with reaction (2}, which hecomes rate
limiting.

These results are in agreement with the observed
values.

The chloride acceleration means that the whole
Tafel line is shifted to iore negative potentials.
The metastability line is not reached and the
dissolution process is purely actve. free nickel
atoms here refer to those atoms not covered by
CI, and these may be covered by H20, However,
because of the lowered potential, dissolution pro-
ceeds only through the chloride path, and adsorbed
water would merely serve to block some of the
surface from dissolution,

In 1M HCI10y, the mechanismi seems to be of
a similar nature, except that it is complicated by
a film formation. The perchlorate ion iwself is
assumed to play ne role in the mechanism and is
merely a spectator jon. Adsorbed hydrogen atoms
may or may not he formed, but the mechanism
appears to involve two consecutive electron transfer
reactions.

The higgest practdecal problem in this work has
been the slow drift characteristics and the related
hysteresis. It seems that the drift characteristics of
a metal under these conditions are directly related
to its physical hardness. Studies similar to the
type just described made on soft metals such as
bismuth, thallium, lead, and mercury show almost
no hysteresis or drift. These are non-transition
metals whose walence clectrons are in s and p
orbitals, and which have filed d orbitals. The
transition metals such as iron, cobalt and nickel
are physically much harder and show steady
drift and large hysteresis. Because of their hard-
ness, which is related to the stronger metal-metal
bonds formed by d-orbitals, these metals require
large overvoltages to get them to dissolve at all.
The atoms of transition metals are difficult to
withdraw from the surface. Tt is probable that the
atoms at corners and kink sites on the surface
dissolve more readily than the others and the
number of kink sites changes continvously, On a
macroscopic level these kink sites are shown as
crystal edges, Figure 5 shows the surface of nickel
after anodisation in 3M HCI. The surface has
become rough and deeply pitted, with the appear-
ance of a randoin crystal face structire. This pro-
vides a large number of corners and edges from
whicli dissolution may proceed. On a microscopic
leve! these can be imagined as corners and edges
of acomic dimensions. As kink sites are Jost, more
are generated and drift occurs.
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Figure 5

Nickel electrode surface after anodising in
3M HCI. The electrode shows deep pitting {dark
patches) and appearance of etched crystal faces
{paler patches).
Electrode diameter—-0.5 c¢m. Encased in glass and
sealed with epoxy-resin.

Using all the data rthis far, 2 mechanism may
be postulated, including beth  active  dissolution
and film formation:

Ni 4+ HpO = Ni(H:0)uu.

=le” ~le”
Ni{H.0).aa. = NiOH(u.) —— N,

+1e”

+iem T —le

'l

Ni{H:O)weo —~— NiQwmiw —— NiZ'y,

It must be realised, however, that this mechanpisin
is as yer tentative, pending further investigation.

The process of this mechanism is shown in
Figure 6. A nickel atom loses one electron and
breaks off from a kink site to form a Ni{I) inter-
mediate which then loses the second electron to
form either a film of NiQ or an aqueous species
ejected into the electrolyte, The &lm also dissolves
in the acid to produce the aquenus species.

e
uiv;
“) &7 1
[ N IN.- W . (n » ov

N No N Ni L Mi ki .18 LH i Ni Ni

LH Ni L Ni LA Ni Ni Ni LY N M Ni

Figure 6

Schenatic diagram of electrode surface showing
the anodic dissolution mechanism in perchloric
acid. (see text).

Further studies will include wvery high speed

sweeps, and relaxation studies, frstdy in an attempt

to eliminate film formation and obtain a purely
active process, and secondly to study the film
formation itself.

Acknowledgement. | extend my sincere thanks to
Associate Professor G, A. Wright for his help
throughout this work, and o0 Mr. P. T. Wiison
for many valuable discussions.
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Ref. Some Tafel Slopes Extracted from the Literature

Holinagel and Landsherg
Sayano and Nobe

Sato and Okamoto
Kronenberg, Banter, Yeager
and Hovorka

5. Heusler and Gaiser

6. Voigt

b L

87 0.2N H.SO,, 0.0IN NiSO,
48 - IN Ha2804

92 0.5M 50;%, pH = 1.1
120 Cloy, pH = 25

66 HGC104, Ba(Ci0y)a

72 0.005M NiSOy4, 0.1M HCI0,
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UNDERSTANDING THE LIQUID STATE — THE DEVELOPMENT OF THE HARD
SPHERE APPROACH

. D, Watson, M.Sc., Ph.D.

Department of Chemistry and Biochemistry, Massey University, Palmerston North

[t has been the custom for textbooks in chem-
istry to discuss at length the behaviour of gases
and solids, and to devote but few lines to the
behaviour of liguids. The explanation is simple.
Until recently, discussions of the liquid state were
confined mainly 1o the discipline of mathematical
physics, and the results predicted from the obtuse
theories contained therein were in bad disagrec-
ment with observed behaviour. In the past five
years however, much progress in the study of
liquids has been made, and the more concrete
models now put forward give results in much
hetter agreement with experiment. Here it is pro-
posed to outline the development and success of
one such model—the notion that the liguid state
can be represented by the perturbed behaviour of
hard sphere.

Perfect States of Matter

The main problem in liguid state sindies has
been the absence of a concept of a perfect liquid.
This is in contrast to the gaseous and solid states,
where the concept not only exists, but is realised
experimentally at room temperatures and pressures.
For instance the equation of state of a perfect gas

pV = nRT (1}
gives a very good account of real-gas behaviour
at room temperature and pressures up to | aunn-
sphere. Similarly the cquation which accounts for
X-ray diffraction by perfect solids

Nx = 2dsing (2)
is extremely uscful in interpreting real crystal
structures,

The perfect state for hoth phases can be under-
stood in terms of the behaviour of hard sphercs
under certain conditions. For the gascous phase
we assume that the particles are at sufficiently
low densitics to allow random movement within
the confines of the container, and to allow neglect
of collisions between the particles, and particle
_size. For the solid phase we assume that the den-
sity of particles is high, and that they are station-
ary and arranged in an ordered array.

Unfortunately these appear to be the only casces
in which at reasonably accessible temperatures and
pressures matter does approach hard sphere he-
haviour. At pressures up to about 10 atmospheres,
the experimental compressibility behaviour of gases
can bhe represented by the virial eguation

n } [n2 )

pV/nRT =1+ B {— | +C|— | (3

_ Lv ) v )

B and C are known respectively as the second and
third wvirial cocflicients, and arc both temperature
dependent, They can both be calculated using
statistical thermodynamics, provided some assump-
tions are made about the shape of the molecules
and the funcdon and range of the intermolecuiar
potentials,

In the case of spherical particles where only
forces hetween any pair of molecules need be
considered, the sccond virlal co-efficient takes the
form o

B(T) = 2aNJf (1-exp(-p(r)/kT)r3dr.  (4)

0

Here u(r) is the intermolecular pair potential, and
N is the number of molecules. 1t has been found
that there are several forms of the intermolecular
potential which will reproduce experimental data,
but these do not include the hard.sphere poteniial,
It gives a value of B which is badly in error
numerically, and which is temperaturc independ-
ent.

Liguid State as a Very lmperfect Gas

The virial equation of state can be regarded as
an extension of perfect gas behaviour inte denser
regions. lts success for moderately dense gases led
to the hope that further extension of the series
might lead to uscful results for the liquid state.
Unfortunately it has been shown that the secries
diverges well before liquid densities are reached.
A similar result is obtained if the liquid is treated
as a slightly disordered solid. Thus, neither of
vur perfece states will serve as a relerence [for
liquids.

p-V-T Behaviour of Hard Spheres

Are there other conditions of temperature and
pressure in which matter approaches hard sphere
behavieur? To answer this we nced to know the
p-V-T behaviour of hard spheres. It is now pos-
sible to simulate such behaviour using Molecular
Dynamic and Monte Carlo technigues with high
speed computers. In the Monte Carlo method a
small number of particles (32) are given a large
number of random configurations (10,000). For
cach configuration interactions between pairs of
molecules are calculated using some predetermined
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mtermolecular  potential, and the appropriate
property of matter is obtained by averaging over
all the configurations,
The result of such caleulations done to obtam
pVv

the eompressibitity factor, for hard spheres is

nRT
shown in Figure |. The most remarkable feature
of this graph is the discontinuity at a reduced

s 1
density s, | given by s, = —

s close packed sohid |
of about 0.7. It is at this density that the melting
of real substances occurs, and hence this discon-
tinuity is taken as unambiguous evidence for a.
phase transition. Therefore, if matter was made up
of hard spheres there would exist but 2 phases, a
solid phase and a fAuid phase. The fact that three
phases, two of them fluid, are found must he due
to the presence of attractive forces.

Behaviour of Real Systems at High Temperatures
and Densities

The phase diagrams {or hard spheres and for a
simple substance such as argon arc shown in
Figure 2, It can be seen that at pressures and at

10
8
&
6.
""-\\
a
4t
2 i > "

05 07
Se

Figure 1. Equation of state of Hard Spheres as
calculated on computers. The broken
line represents the prohable position of
first order transition,

a soLID

S0LID

FLUID FLUID

LIQUtD

T T

Figure 2. Phase diagrams of an assembly of hard
spheres (on left) and a simple substance
such as argon (on right}). The cridcal
point is designated C.

temperatures above the critical point the phase
diagram of real substances is similar to the hard
sphere one. This can be accounted for i we
examine the form of the intermolecular potential,
The most widely used, that of Leonard-Jones, can

be written
{ |,]12 l'a](:
plr) = 4[| —| —|—]| ] ()
rl {rl

where ¢ is the value of r when u(r) = o, and
e is the maximum attractive value of g(r). It can
he seen 1o be made up of a sicep repulsive part

a 12

{—) , which may in the limit be idealised as a
r

(

interaction which at high temperatures inay he
counteracted by the thermal cnergics of the
molecules.

o ] =
hard sphere potential | —| , and an atractive
r ]

Recent experimental evidence on the structure
of liquids suggests that the arrangements of mole-
cules int that state is determined by the repulsive
part of the intermolecular potential. The structure
is discussed in terms of the radial distribution
function g{r) which is a measure of the prob-
ability that 1we molecules occupying the same
region of space, and which can be obtained from
X-ray and newtron diffraction measurements. The
results show that at constant density g(r) is
virtually temperature independent, and independ-
ent of the kind of attractive interactions present.
[t is the same, for instance. in ionic substances
as i covalent ones.
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A Hard Sphere Model for the Liguid State

From these results it has been suggested that
the perfect siate of lguids should be taken as the
high density, high temperature behaviour of hard
spheres, and that real liquids be regarded as hard
spheres in a weakly attractive environment. This
leads to an equation of state of the form

pv day
= iy} —
nRT RT
where y is a reduced volume, f(y) is an integra-
tion constant identified with the hard sphere
contribution, and 2 is a temperature and density
independent constani.

Now this result is implicit in the equation of
state first put forward by van der Waals in 1873!
His equation can be written

pv 4ay
= (l-y) 1 —
nRT bRT
y = b/av
3_
2
1.
—
o Or
>
It
o
g
-3
0 20

10

/T
Figure 3. The phase diagram of argon. The full
curve is the experimental results. The

dashed curve represents the results of
Barker and Henderson.
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The first term of this equation has been shown
to be a wvery inaccurate account of hard sphere
behaviour. When it is replaced with either the
“experimental”’ hard sphere results from computer
calculations, or with a better theorctical approach
such as that put forward by Frisch

PV T+y+y?

) = —_—
nRT Hard sphere (1-y) 3

it is found to give a qualitatively correct account
of liquid bebaviour. [t is extremely good near
the melting point, but poor necar the gas-critical
point. More sophisticated perturbation methods
give better results. In Figure 3 the phase diagram
of argon 15 compared with that calculated by
Barker and Henderson using a.doulle perturbation
approach. They firstly obtained a repulsive poten-
tiul, then perturbed this using a more realistic
attractive potential. Their result is very encour-
aging.

Application to Fluid Mixtures

This model {or liguid behaviour has had
greater success in accounting for the behaviour of
Auid mixtures. Here we have the additional com-
plication of the interactions between unlike molc-
cules. Tt has been shown that in the idealised case
of soft spheres the fluid mixwure can be treated as
a hypathetical purc fluid whose parameters a and
b are quadratic functions cf composition

Amivtare == X122 1y + 2xyx0a1e + xs%a.s

I)mi_nurn = X|")lJ|1 "+' 2X1x;_-f)|-_3 + xgzb-_}g.

I'vr the pure components a and b are related to
the critcal temperature and volume, TeVe by the
praportionalities

a a TeVe

b a Ve

The cross terms Te» and Veu can he obtained
using the Lorentz-Berthollet Rules

TABLE t

Prediction of Excess Thermodynamic Functions at x = 0.5 using Van der Waals Equation of State

System T/K HE/Tmol™ VE/cmmnl®

calc obs calc obs
A 4+ No 84 37 51 -—0.29 0.18
A+ O 84 49 60 0.11 +0.14
A + CH,y 91 85 103 0.00 +0.17
CCl, + (CGHy).C 273 353 314 —0.43 —0.5
CCly + CgHg 298 103 116 0.17 0l
Gy + CoFag 308 2415 2703

22.0¢4 5.38
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Teyr = (TegyTean)lh

Ve, =

¥ 3
(Venn) + (Vea)

2

These approximations together with the van
der Waals equation of state have been used to
calculate the p-V-T behaviour of Autd mixtures,
and the thermodynamic mixing functions, GE,
HE and VE, [n the first case a very good qualita-
tive account is given, even for long chain hydro-
carhons, where assumptions of spherical symmetry
is a very crude appreach. The results of the cal-
culation of mixing functions afe given in Table L.
Here the unlike term aj: has been adjusted to fit
the value of GE at equimolar concentration, and
the fitted value has been used in obtaining HE
and VE The agreement is very good in the case
of simple fluids, and qualitatively so in more
complicated cases. The agreement there is improved
if better approximations to hard sphere behaviour
are used.

Despite the progress made, we still have a long
way to go before we can claim o have complete
understanding of the behaviour of liquid and liquid
mixtures. The problems Jook much less intractable
now, however, than they did 10 years ago.
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Extract from a Letter 10 the Editor

“ I have just returned from a briel visit
to the University of the South Pacific.
Having recently become chairman of the
local CORSO committee, 1T have been con-
cerned with looking at ways in which
CORSO can more effectively increase its
aid, particularly in the Pacific area. A first
desperate need [ found at the school of
Natural Resources is for at least ten years
of back numbers of “Chemical Abstracts”.
The school has only just been started, and in
a country with virtually no scientific jour-
nals, it is rather an uphill job trying to do
any chemical teaching or research without
access to Abstracts running back at least a
few years. . . . [ had thought of ten years as
a satisfactory period. If we could locate such
a set I will try to persuade CORSO to
finance its purchase.”

Anyone having such a set to donate or to
sell, please contact:

Dr. W. Whittlestone,
Ruakura Animal Research Station,

Private Bag, Hamilton.

Members of the

Institute are re-

minded that the Proceedings of the
Royal Society are available free, on
application to the General Secretary,
Royal Society of N.Z., P.O. Box 12249
Wellington. Remember to state your
membership of the New Zealand Insti-
tute of Chemistry.




Vol 35, No, 5. Qctober 1971

169

BRANCH NOTES

Auckland

Branch Meetings

Three well-attended branch meetings have
been held recently. Professor A. R. Kat-
ritzky, University of East Anglia, Norwich,
spoke on “Seven Years of Chemistry at a
New University”. The President Dr. W. A
McGillivray visited the Branch on [Ilth
August and was entertained at dinner by the
committee. Dr. McGillivray addressed the
Branch on “Coronary Heart Disease™. Dr.
B. F. G. Johnson, Cambricdge University and
Mellor Fellow at Otago University, gave a
lecture to the Branch on “Olefin Rotation”
on 30th August.

Dominion Breweries Lid

Mr. D. 1. C. Willox has been appeinted
Technical Manager. Mr. A. Muir, formerly
Chief Chemist of Inver House Distillers Ltd.
(U.K.) has been appointed Chief Chemist
at the Waitemata Brewery laboratory.

[Iniversity

Professor Saul Patai, Hebrew University,
Jerusalem, is spending several months al
Auckland as Visiting Professor.

Professor P. B. D. de la Mare is spending
two months overseas on leave. He will visit
England, US.A. and a number of other
countries. Professor 1. Hall is acting Head
of Department.

On 12th August, the Annual Research
Dinner was held in the Chemistry Depart-
ment. Over 100 students and staff actended.
Professor de la Mare addressed the gather-

ing.
Visitors

Recent visitors te  Auckland included
Professor R. ). Brown, Monash University;
Professor J. M. Bobbitt, University of Con-

necticut; Professor J. Robinson, University
of Otago.

Personal

Mr. M. A. Anderson is engaged in geolo-
gical exploration for gold, copper and bis-
muth in the Tennant Creek in Australia. He
reports that a nugget of pure bismuth is
displayed at the Tennant Creek Post Office.

Dr. I. C. Dean graduated Ph.D. recently,
and is now a lecturer at the University of
the South Pacihe, Fiji

Dr. T. J. Fullerton has taken up a post-
doctoral research fellowship at the Univer-
sity of Wisconsin, Madison.

Mr. A. C. Kennett, Chemistry Division,
D.S.I.R. has been re-elected President of the
N.Z. Branch of the Australasian Corrosion
Association.

Dr. J. B. Magcaskill is now in England and
has been appointed to a Research TFellow-
ship at the University of Reading.

Mr. H. A. R. Martin is now Exploration
Manager for Delta Exploration Corp., which
has responsibilities for oil prospecting and
geophysical surveys in Indonesia and South-
East Asia.

Mr. D. A, Morrison, who visited Auck-
land recently, is Course Supervisor in
Chemistry at Algonquin College of Tech-
nology, Ottawa.

Mr, G. R. White was a delegate to the
annual meeting of the National Council of
Churches, held at Nelson this year. He also
attended the Symposium on “Education in
Science, with Special Reference to the Use
of Television” held in Wellington by the
Chemical Society (London}.

Wellington
The P. W. Robertson Club

The first Annual General Meeting ol the
P. W. Robertson Club (V.U.W. Chemistry
and Biochemistry Departments’ Old Mem-
bers’ Society) was held on July 8 in the
Conference Room of the Easterfield Build-
ing, with an attendance of 30, following
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the dinner which commenced at 7.30 p.m,
in the Students Union. At the meeting Dr
C. R. Barnicoat, the recently retired director
of the Cawthorn Institute at Nelson, gave
the first Robertson Memorial Lecture en-
titled “Some Recollections of P. W. Robert-
son and his Contemporaries”.

The Cominittee and Officers for the com-

ing year are as follows:

President: 1 F. B. Shorland, O.B.E.

Honorary Secretary-Treasurer: Mr W.
Freitag.

Conmunittee: Messrs W. E. Dasent, B. E.
Jackson, R. J. Work, . W. Richard-
son.

Hon. Auditor: Dr R. J. Furkert.

Biochemistry Department, V.U W,

Professor J. N. Smith, Head of the Depart-
ment of Biochemistry, at Victoria University
of Wellington, has been elected a Fellow
of the Royal Society of New Zealand. Pro-
fessor Smith came from St. Mary’s Hospital

* Medical School in 1964 as the first Professor
of Biochemistry at Victoria University. His
rescarch interests have centered on the de-
toxication mechanisms in invertibrates, and
he is regarded as a world authority in this
field. The Royal Society of New Zealand
award was made in recognition of Professor
Smith’s rescarch contributions to the field of
drug metabolism and insecticide metabolisim.

Chemistry Department, IV LW,

We extend our congratulations to Pro-
fessor N. F. Curtis on his appointment to a
Personal Chair in Chemistry. Professor Cur-
tis has active research interests in coordina-
tion chemistry, including complexes of
cvclic and linear polvamines, isomerism
associated  with  asymmetric  coordinated
secondary amines and conformation of poly-
chelates. He investigates the structures of
coordination compounds using infrared, elec-
tronic and N.M.R. spectroscopy, magnetic
susceptibility and X-ray crystallography.

Professor F. Jakob, of the Sacramento
State College, California, will spend a period
of his sabbatical leave in the Chemistry

Department. Professor Jakob’s research in-
terests are in clectrochemistry and chemical
instrumentation, including the use of digital
computers, and he has conducted a variety
of special courses and seminars on these sub-
Jjects. He trained at the City College of New
York and Rutgers University, and has been
on the staff of Sacramento State College since
1961, including a period as Chairman of the
Chemistry Department from 1965 to 1968.
Visitors to the Department included Dr
G. J. Wright of the Chemistry Department,
University of Canterbury, who discussed
*The Mechanism of a Non-Existent Re-
action”, Dr. R. D. Giilard (University of
Kent at Canterbury, England) who spoke
on “The. Origins of Asymmetry” and *Bio-
logical Eilects of Platinum Metal Cor-
plexes”, and Professor P. L. Speeding,
Department  of  Chemical and  Materials
Engineering, University of Auckland.

Chemistry Division

Chemistry Division stafl have recently been
addressed by Dr G. ). Wnight, University of
Canterbury, on “Some Aspects of Mass
Spectrometry”, and Prolessor R. 1. Gillard,
University of Sussex, ori “Metabolism of some
Cobalt and Rhodium Coordination Com-
plexes by Bacteria™.

Dr 8. J. Dickson htas been appointed to
the Toxicology Section. Dr Dickson took
his Ph.D. at the University of Calgary after
graduating M.Sc. at the University of Can-
terbury. He recently completed post doctoral
studies on Enzyme Kinetics, at the University
of Santa Barbara, under the supervision of
Professor C. A. Bunton,

Mr S. K. Fellows, who has recently join-
ed the Geochemistry Section, will be study-
ing some aspects of mineral extraction. Mr
Fellows is at present writing a Ph.D thesis
on the conductance of aqueous solutions at
elevated temperatures, which he will submit
to Victoria University.

Mr P. G. Sims, an M.Sc. graduate of the
University of Auckland, has joined the spec-
trographic section.

Mr W. C. Tennant recently rejoined the
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Physical Chemistry section. He has returned
from leave spent at the University of New
South Wales studying for his Ph.D. under
the supervision of Professor R, M. Golding.

Tnstitute of Nuclear Sciences

The Hudson Memorial Lecture to the
Royal Society of New Zealand was delivered
in June this vear by Dr T. A. Rafter. He
discussed the role ol isotopes of sulphur in
geochemical studies.

Pr G. L. Lyon attended the 23rd ANZAAS
Conference at Brishane, and lectured on his
geothermal  temperature  studies based on
isotope measurements.

Dr P. Blattner, Dr ). R. Hulston, Mr W. .
McCabe and Dr N. E. Whitehead attended
a Geochemical Symposium at Wairakei on
27 to 29 May, and lectured on recent work.
Dr C. |, Adams also attended.

An afternoon geochemical symposium was
held at the Institute on 2 April during Pro-
fessor W. 8. Fyvfe’s visit to New Zealand.

Chemical Society (London) Meeting

An offictal meeting of the Chemical
Soctety, arranged by the Chemical Society
Local Representative, Professor S. N. Slater,
was held at Victoria University recently
when the President, Professor . Porter,
FR.S., visited Wellington. Professor Porter
18 Dircctor and Fullerian Professor at the
Royal Institution, and Director of the Davy
TFaraday Research Laboratory. After a wel-
come by Professor J. F. Duncan and the
formal admission of Fellows, Professor Porter
presented his Presidential Address, “Chem-
istry in Microtime”, in which he dealt with
the development of the flash photolysis tech-
nique for which he shared the Nobel Prize
for Chemistry m 1967.

Earlier in the day Professor Porter address- -

ed a Svmposium on “Education in Science”,
and showed the first two of a new series
of four films on “The Laws of Disorder”,
made by LC.I. Ltd. in collaboration swith
the Roval Institution.
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Soil Bureau

Dr Cyril Childs has recently joined the
Physical Chemistry section at Soil Bureau
from the Canada Centre for Inland Waters,
Burlington, Ontario, where he worked on
metal complex equilibria in solutions and the
thermodynamics of brines. Dr Childs gradu-
ated Ph.D. in Physical Chemistry at Otago
University and subsequently worked with
Dr D. D. Perrin, Department of Medical
Chemistry, AN.U., on metal complex equil-
ibria in solutions.

Canterbury

Dr G. J. Wright recently attended the
First Australian Conference on Mass Spec--
trometry held at McQuarrie  University,
N.S.W, -

Dr R. Cole, who has been a visiting lec-
turer in the Chemistry Department for a
year, has returned to UK. to take up a
Post-Doctoral  Fellowship  with  Professor
Cookson at the University of Southampton.

Professor L. F. Philips, Drs M. ]. McEwen
and A. Metcalfe presented papers at the
sympostum in Hamilton organised in con-
junction with the visit of Professor C. Porter.

The N.Z. Endocrinology Society recently
held a meeting at the University of Canter-
bury, which was attended by staff and
students from the Chemistry Department
and the School of Engincering. 5. W. Met-
calf chaired one of the sessions.

Mr H. G. Way has transferred from Has-
tings to become Development Manager for
General Foods Corporation of Christchurch.

Otago

Recent Branch activities mcluded a very
successful social evening at which Rev. Dr.
1. Breward, Professor of Church History at
Knox College, gave an' address entitled
“Scientific Imagination and the Future”.
The Branch also visited the new “Phase I
Chemistry Department Building of the Uni-
versity of Otago last month.
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Electron Microprobe Analyser

Of interest to all chemists, and an essen-
tial tool for solid state chemistry these days,
is the $80,000 electron microprobe analyser
recently installed in the Geology Depart-
ment of Otage University. The instrument
is the first three-spectrometer microprobe
analyser in New Zealand, and was manu-
factured by the Japan Electric and Optical
Laboratory (JEOL}. In the analyser an
electron beam of diameter as low as one
micron produces X-radiation from a polish-
ed, irradiated surface. Thus one can analyse
the elements present in virtually any solid
phase — minerals, metals, tooth enamels,
etc. Operating the University instrument is
Dr. Y. Nakamura, Scientific Officer in the
Geology Department, who is on leave for
two vears from the Geological Institute,
Tokyo University.

[ndustry News

It is now over a year since the Technical
Consultant  Service of the University of
Otago was established; the purpose of this
service is to make available to industry the
technical skills and facilities available within
the Science Faculty. The recent report from
the Service shows activity in the mineral
industry nationally, and in general industry
locally, Work includes raw material evalua-
tion, process design and product evaluation.
The director of ‘the service is Mr. A.. G.
Fricker, a4 chemistry graduate from Imperial
College, University of London, who has
chemical engineering experience in the lead
and china clay industry in the UK., and in
geochemical exploration in Australia.

Considerable interest has been generated
amonyg local chemists on the subject of Mon-
tan wax, a valuable industrial wax which
occurs in low grade lignite deposits of Otago
and Southland. Tnvestigations on wax yield
.and quality are underway, and a pilot plant
extractor is to be designed in the Chemistry
Department, Otago University.

Renovation now being carried out at the
Pharmaceutical Laboratories of Kempthorne
Prosser and Co. Litd., include cxtensive

redesigning of the “Galenical” departiment,
where creams and sirups are prepared. The
modifications are aimed at making opera-
tions more functional, and aiso at keeping
ahead of the ever tightening hygiene stan-
dards of the pharmaceutical industry.

Chemistry Department, O.U.

The University Council has announced
the promotion of Dr. A, 1D. Campbell to a
personal chair in the Department of

. Chemistry,

Dr. P. J. Gardner arrived early in Sep-
tember to take up a post-doctoral teaching
fellowship for one vear. IDr Gardner is from
the Chemistry Department, Royal Holloway
College, University of London, and his
research interests are in the field of inor-
ganic thermochemistry.

Mellor Visiting Professor B. F. G. John-
son, from Cambridge University, is at
present giving a series of Mellor Lectures
within the Chemistry Department on the
“Reactivity ~ of  Coordinated  Organic
Groups”. Subjects covered in these lectures
include “Electrophilic addition and substitu-
tion to cyclooctatetrene”, “Heptafulvenc
complexes”, “Olefin rotation”™ and “Co-
ordinated carbonium jons™.

Dr. G. S. Bailey has been appointed to a
lectureship in  the Department of Bio-
chemistry, Dr. Bailey is at present a paost
doctoral fellow in the Department of Bio-
chemistry of the University of British
Columbia, Vancouver. HMis work there is
with Professor Ci. Dixon on histone structure.

Progress on the new Biochemistry Build-
ing was mentioned in the JTune Branch notes.
The first stages of moving into the new
building begin next month.

Visitors

Recent visitors to Dunedin  included
Professor E. Reich of the Rockerfeller Uni-
versity, New York, U.S.A. Dr. Reich gave a
seminar in the Biochemistry Department
describing his studies with nucleotide ana-
logues.

continued on page 176
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12th ROYAL SOCIETY SCIENCE
CONGRESS, MASSEY UNIVERSITY
31 JAN.-4 FEB. 1972

PRE-ENROLMENT

If you plan to attend the above Congress,
vou are acdvised that it is important that you
fill in a pre-enrolment form in order to
receive the final programme and other
details of the Congress.

Pre-enrolment forms ave available from:

{a} The secretary of your professional

organisation or society;

(b) The local head of your appropriate

government department or DSIR

division, il you are a government

emplovee;

* Your departmental head if you are a

university emplovee;

{d) Dr. T. ]J. Brown, Dept. of Micro-
biology and Genetics, Massey Uni-
versity, Palmerston North.

_—
~
—
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The 12th Science Congress has been built
around the following themes:

(a) The Growth and Development of

Science in New Zealand;
(b) Growth and the Use of Nitural
Resources;

(¢) The Impact of Growth on Society.

There will be interdisciplinary symposia,
intradisciplinary sessions, and public meet-
ings. Eminent local and overseas speakers
will include: Professor W. ID. Borrie (Aust.
Nat. Univ.,, Canberra}, Professor A, W,
Linane (Monash Univ., Australia), The Rt.
Hon. R. D. Muldoon M.P,, and Mr. T. E.
Clark (Managing Director of Crown Lynn
Potteries) .

Please send in vour pre-enrolment forms
as soon as possible o Dr. T. J. Brown,
Department of Microbiology and Cenetics,
Massey University. The original closing date
of 30 September has been extended.

SUCTION PUMP

MOREL B
RCF 6000 G.

COOMBS TEST WY
12 piage 10 ml.

MODEL A
RCFASLOG -~

CENTRIFUGES FOR

e General Purpose
e Coombs Test
e Micro Haematocrit

e Milk and Qll Tests

N.Z. AGENTS
o SUSPENSION MIXERS DENTAL & MEDICAL SUPPLY CO. LTD.
* SUCTION PUMPS AUCKLAND WELLINGTON CHRISTCHURCH DUNEDIN

9356
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BOOK REVIEW

“Salety in Chemical Laboratories and
in the use of Chemicals.” By College
Safety Committee, Imperial College of

Science and Technology (University of

London), 1971, iv 4+ 46pp, 15 X
21 cm, 15p (post free).

Sale practice in the laboratory should be
a concern of all chemists,

A bocklet has been prepared by the Col-
lege Safety Committee of the Imperial
College of Science and Technology, London.
It comprises 42 pages covering general rules
for safe practice in laboratories.

A large scction deals .with hazards asso-
ciated with certain chemicals that need
special care. They are divided into 4
classes—

1. Unstable  chemicals, eg.  azides,

chlorates and perchlorates, peroxides.

2. Highly reactive chemicals, e.g. strong

acids and bases, halogens, strong
oxidizing agents.

3. Flammabie chemicals, e.g. solvents,

alkali metals, metal hydrdes, phos-
phorus.

4. "Toxic chemicals, e.g. benzene, halo-
gens, hvdrogen sulphide, mercury,
thallium.

General precautions to he taken with each
class are mentioned, and more specific
dangers associated  with  individual sub-
stances are discussed.

There are sections on General Laboratory
Practice, Precautions and Protecuon, Com-
pressed and Liquefied Gases, Use of Fume
Cupboards, Storage of Chemicals, Disposal
of Chemicals, Handling of Chemicals by
Vacuum Techniques, and First Aid.

A hibliography lists twelve text-books re-
lated to the subject.

This booklet provides a very good general

code of practice for safety in chemical
laboratories and is sufficiently condensed to
be read completely by all who work therein.

The Imperial College is prepared to send
a complimentaty copy to any individual who
asks for it. If additional copies are requested,
it 15 expected that they be paid for at the
price of 13p per copy (post free) while

stocks last.

This well produced, clearly written little
booklet is strongly recommended.
Enquiries should directed to—
The Secretary
College Safety Committee
Imperial College
London, SW7
J- L. Mandeno

DETERGENTS AND THE
ENVIRONMENT

The fate of the houschold detergent after
it has done its job in the home and goes
down the drain has been the subject of
intensive study overseas for many years. In
Western Europe the rapidly increasing use
of synthetic detergents in the years following
the war led to public concern over the obvi-
ous pollution of rivers—obvious hecause
even small concentrations of detergent
resulted in a build-up of foam at places such
as waterfalls where greater aeration
oceurred,

It was discovered that the type of syn-
thetic detergent most widely used by the
houscholder—alkyl benzene suphonate—was
not easily broken down by the action of the
oxidising bacteria upon which sewage puri-
fication processes depend.  Consequently,
much of the detergent in the sewage enter-
ing the treatment plant passed through into
the effluent discharged to the river, Further
investigation showed that this was because
the bacteria could not easily oxidise the
heavily branched structure of the alkyl chain
introduced into the alkyl benzene molecule.
However, replacement of the branched alky!
chain by a wore linear structurc gave a
molecule which was more easily degraded.
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Developments in the Shell laboratories at
Amsterdam resulted in the first linear alkyl
benzene, “Dobane” JN. An alternative de-
tergent was thus made available which was
btodegradable (often simply termed “soft”)
vet could replace the “hard” material in
houschold detergent formulations with only
ninor modifications to preduction methods.
Many liquid detergents sold in New Zealand
are based on Shell “Dobane” JNX, a sub-
sequent development o “Dobane” JN.

Although much of the problem of -river
pollution by detergents was overcome by
using these “soft” alkyl benzenes for house-
hold detergents (which continue to form the
major part of the total detergent consump-
tion), there remained the question of non-
ionic detergents {ethoxylates).

Most common nonionic detergents, widely
used in the textile industry as scouring
agents, are alkyl phenol ethoxylates contain-
ing a highly branched alkyl chain {normally
octyl or nonyl). By analogy with the
branched “hard” alky] benzenes as used in
liquid and powder household detergents,
(i.e. antonic detergents) it would be expect-
ed that these nonionic detergents were also
“hard”. However, opinions based mostly on
the conflicting results of laboratory-scale
tests were divided on this issue.

Trials from mid-1966 to the beginning of
1969 were carried out at the village of
Preston, Hertfordshire, UK., where a group
of 31 houses was served by a small sewage
works using a trickling filter purification
plant.  Shell Research L., together with
the Water Pollution Research Laboratory
(WPRL) of the UK. Ministry of Tech-
nology, set out to obtain further information
about hiodegradation of wvarious anionic
detergents in the practical scale. These Pres-
ton trials provided a good opportunity to
study also biodegradation of nonionic deter-
gents using various types of nonionics as a
component of the dishwashing liquid sup-
plied to the villagers. Initial results on the
Shell alkyl phenol ethoxylate “Nonident”
P40 were so surprising that the trails
were  continued  for an  extra year so

The use of ‘'Volucon® concentrates represents
an all-round saving in time, trouble and money,
while ensuring complete accuracy,

The "Volucon’ range is available in
easy-i10-open ampoules ~ plastic ar glass
according to chemical properties — most

of which make up one litre of stated narmality.

Volucon’

Volumetric concentrates

Distributors MAY & BAKER (NEW ZEALAND) LTD.

P.O. Box 35060, Naence. Telephone 477-.016.

Stockisis; Kempthorne Prosser & Co. Lid.
Auckland, Palmerston North, Wellington,
Christchurch and Dunedin.

South Islend Chemicals Ltd., Christchurch,
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that the matter could he resolved in greater
detail. Eventually it was established that
the biodegradation of “Nonident” P40 and
similar products depended very markedly on
the time of the year. In the winter and
spring only about 26 percent degradation
was achieved in the Preston sewage works.
The level increased to about 80 percent by
September-October,  During November and
December biodegradation decreased drama-
tically to 20-25 percent. It was concluded
that bacteria capable of degrading the alkyl
phenol ethoxylates were active during the
summer but became dormant in the colder
weather, This explained the conflicting evi-
dence from the laboratory-scale tests. On
the other hand, ethoxylates of straight chain
or primary alcohols were shown to be highly
biodegradable even in winter.  There is
thus good reason to replace progressively
alkyl phenol ethoxylates by alcohol cthoxy-
lates as nonionic surfactants. Shell companies
are now doing this.

Below is  the preliminary  information
sheet on a research and development pro-
duct designated RD482 which, Tollowing the
successful completion of product develop-
ment and initial field tnals, is now entering
a full market development programme.
RD482 is a primary alcohol cthylene oxide
derivative which, as can be seen from the
gencral information, is highly biodegrad-
able.

RD482 1s still in the market development
stage but limited quantities are immediately
available from the U.K. for any trials here.

The current development price for RD482
is slightly more than “Nonidet” P40, but in
due course with increased production it is
expected to be fully comparable.

Further information can be obtained from
W. R. Strang, Industrial Chemicals Develop-
Officer, Shell 0Oil New
Limited.

ment Zealand

RD 482 BIODEGRADABLE
NONIONIC DETERGENT
A Primary Alcohol Ethylene Oxide

Derivative

PRELIMINARY DATA

Property Test Typical Test
g Method Method
Active matter %
wt. Nominal 100
Appearance at Pale straw
20°C coloured
liquid; mini-
settlings,
Density g/ml at ASTM
20°C D1298 | 0.99
Water 95 wi. ASTM
D1364 | 0.4
Ash % wt. SMS
1663 | 0.2
pH of 0.59% wt.
agueous solu- ASTM
tion DU 7
Pour point °C ASTM
' D97 | 9
Cloud point of
5% wt. aque- SMS
ous solution 1664 | 36
Kinematic viscos- | ASTM
ity at 445
10°C ¢St 90
20°C ¢St 30
30°C cSt 30

{(continued from page 172)

Professor B. J. F. Ralph, Professor of
Biological Technology and Dean of the
Faculty of Biological Sciences at the Uni-
versity of New South Wales, visited the
Chemistry and Biochemistry Departments of
the University in  August. He gave an
address on research activities in the Depart-
ment of Biotechnology and Biochemical
Engineering at New South Wales, with par-
ticular reference to his more recent work on
continuous fermentation.
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BOOK REVIEW

An Introduction to Physical Organic Chemis-
try, by E. M. Kosower. Published by J. Wiley,
1968, 480 pp. Price: $15.00.

/ This book is crganised in a very different way
from the classic texts of Ingold and Hine wha
discuss the mechanisms of varicus reaction classes,
and Wiberg who examines methods and technique
in organic quantum chemistry, thermochemistry
and kinetics. Under the headings of “Substituent
Effects”, “Medivm Effects”, and “[ntermediates
and Unusual Molecules”, Kosower classifies mech-
anistic processes according ta the nature of the
transition states involved, either jonic {carbanions
or carbonium jons}, free radical or change transfer
coinplex, and iscpolar (c)cloaddition and electre-
cyclic) reactions. Quamum organic chemistry is
introduced indirectly in the fragmented discussion
of the Woodward-Hoffman rules. Spectroscopy is
also covered indirectly via discussion of the Kosa-
wer Z-values (solvent polarity parameters).
expected, the scetion on medium effects is out-
standing.

The setting-out of the material does not lend
itself well to the use of this book as a relerence

source, A chemist interested in the reactions of
free radicals In solvent cages for instance, would
find this section mixed in with discussions of Win-
stein's special salt effect, the behaviour of radical
anion ion-pairs and Cram’s carbanion studies.
While this may be an excellent way to view
physical organic chemistry as a whole (the above
four topics are grouped under the heading “Reac-
tion Partners”), it does not make the book a
suitable graduate teaching text either, unless time
for an American-type ane-semester course is avail-

able, which is generally not the case in New Zea-

land universities. The chief value of the book is
in its provision of high-grade and reasonably up-
to-date (1967) background material that will be
cf interest te any chemist who, commencing
mechanistic studies, wishes to obtain an overall
view of the field.

The book is weli-produced and is actractively
priced. Minor irritating points are: (i) that the
bibliography (793 references) is grouped on 24
pages before the indices and (i) that the familiar
Sx!, 8x2 etc. mechanistic labels become 5N and
SuN ete. Such a reclassification makes some sense
in the context of the baok, but it has found no
wider usage than this. D. J. McLen~an.



The secret of highest quality glassware
at lower cost 1s on the Volac label.

“Made in Great Britain.”
Engaging the traditions of finest
British production techniques,
accuracy is carefully maintained
in all stages of manufacture, and
the combination of highly skilled
labour with advanced British

equipment enables Volac to offer

quality and uniformity of the
highest standards.

Even British resources are
stretched to find the strongest,
most effective material for
Volac plassware,

The Volac scientists have spent
years of rescarch improving and
refining suitable glass for their
products. :

Volac glassware is

manufactured from soda-lime
silicate glasses, specially sclected
for clarity and free of visual
defects. The hydrolitic resistance
of these glasses is cxcellent and

* All clear glass pipeties are “Tuffip”
trealed - to  pive exclusive three-fobd
!'esisl:mcc to breakage and chipping of
yels.,

* Schellbach burcttes are fused cer-
amic ¢namel-back with blue line. on

machine drawn tebing — for the most
accurate marking ye! made.

. _ . i
* All flasks are base ground for added
stability. Fine, uniform ring marks on
flasks and bulb pipettes are upplied by
the exclusive Volac process. There is
no weakening groove on the pglass.

|

|

+ Measuring cylinders, BS 604, up to

2000mli capacity, have printed
with bold, easily read figuring.

scale,

Volac. Quality glassware products,
made in Great Britain. For further in-
formation contact the sole N.Z. Agents:

SMITH-BIOLAB LTD

P ey 36007 Auckband g Now Zealand

Volac products will withstand
repeated autoclaving without
deterioration of markings, or loss
of accuracy. Most capillary
pipettes are made from cnamel-
backed tubing of similar
characteristics. Where high
resistance to thermal shock is
fccessary, as in viscomelcers,
Volac glassware i$ made from
extra-strength borosilicate glass.
Volac permancnt graduation
markings are absorbed below the
surface of the glass by an ion
exchange process, becoming
impervious to all chemicals
except those which first attack
glass.

4857




DEPARTMENT OF HEALTH

CHEMICAL INSPECTOR

HEAD OFFICE

There is o vacancy for o Chemical Inspector, Department of Health, Head Office,
salary in the range of 33041 - $6977 p.a. according to qualifications and

experience.

Qualifications desired: A university degree or institutional equivalent in engin-
eering, chemistry or science, preferably with several years of experience in
industry or research associated with industrial problems. Duties are with air
pollution control and include legislation enforcement on existing and new
industrial processes, technical advice and support to local authorities and
educational functions. Position based in Wellington with travel as required,
mainly within southern half of North Island. A period of training in Auckland
may be necessary but suitable candidate should have the ccrpcbililty ot quickly
assuming a position of independent responsibility.

Assistance may be given to o married man required to move his hausehold and
applications should use Form P.S. 17A which is obtainable from any Post Office
and quote vacancy No. 3319. Copies only of testimonials should be enclosed
and forwarded by 31 October 1971 to:

Siafl Clerk
Cepartment of Health

P.O. Box 5013, WELLINGTON




If you have a laboratory . . . whether it's small
or large . . . research or industrial . . . whatever
the size or type, the ND.A. can be of assistance to

you.

We stock a comprehensive range of analytical and
taboratory reagents, technical and industrial chemi-

cals, scientific apparatus and loboratory equipment.

CONSULT the N.D.A. in regard to your particular
requirements, we will be pleased to quote you on

an ex-stock or indent basis.

a

The National Dairy Association of N.Z. Ltd.

Head Office:
Wellington
Stacks at . . . P.O. Box 28
AUCKLAND PALMERSTON NORTH

P.O. Box 1001 P.O. Box 210




BDH ANALAR -now even better!

To keep pace with the increasingly exacting demands of modern labora-
tory practice and advances in analytical chemistry, specifications for ‘AnalaR’
reagents have been made even more stringent and more extensive, as a result
of several years’ work revising and improving analytical procedures.

Many additional tests have been included in the light of manufacturing
experience and advances in analytical chemistry.
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ANALAR Analytical Reagents
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Five hefty
reasons why the
odds arein
Mettler’s
favour

The top-loading Mettler F1000 {Mettlers newest model) is the
best precision balance for checkweighing and general
use for five very good reasons.

1. Reasonably Priced: There's no
lower priced general purpose
balance available in New Zealand.

2. Easy-to-Use: Simply place a
sample on the pan and read the
result. No weight sets to dial . . . no
digital-counter knob to adjust.

3. Weighs Rapidly: The balance
beam comes to rest in less than
1.5 seconds.

4, Accurate Results: Accuracy is
+ 0.25g. Fulfills soon-to-be-
introduced calibration standards.

5. Easy-to-Read: Error-free transfer
of weighing results. Every scale
division is numbered.

Full details and specifications of the
Mettler F1000 balance from the sole
New Zealand distributors:

Sole Agents

WATSON VICTOR LTD. W

Head Office: 4 Adelaide Road, Wallington.
Branches: Auckland, Christchurch and Dunedin. 1129



