
Journal of Applied Physics 43, 4836 (1972); https://doi.org/10.1063/1.1661033 43, 4836

© 1972 The American Institute of Physics.

Comment on ``Chemical nature of
phosphorus in Ni–P deposits''
Cite as: Journal of Applied Physics 43, 4836 (1972); https://doi.org/10.1063/1.1661033
Submitted: 28 July 1972 • Published Online: 10 November 2003

S. T. Pai and J. P. Marton

ARTICLES YOU MAY BE INTERESTED IN

Chemical nature of phosphorus in Ni–P deposits
Journal of Applied Physics 43, 4834 (1972); https://doi.org/10.1063/1.1661032

https://images.scitation.org/redirect.spark?MID=176720&plid=1857431&setID=379065&channelID=0&CID=683627&banID=520741325&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=6b7428f39f88a83c980d213bbba0a8ac3c995aa5&location=
https://doi.org/10.1063/1.1661033
https://doi.org/10.1063/1.1661033
https://aip.scitation.org/author/Pai%2C+S+T
https://aip.scitation.org/author/Marton%2C+J+P
https://doi.org/10.1063/1.1661033
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.1661033
https://aip.scitation.org/doi/10.1063/1.1661032
https://doi.org/10.1063/1.1661032


Comment on "Chemical nature of phosphorus in Ni-P deposits" 

S. T. Pai and J. P. Marton 
Welwyn Canada Limited, London Ontaria, Canada 
(Received 28 July 1972) 

The apparent contradiction between the initial chemical state of Ni-P deposits of Randin et al. and Pai et al. is 
explained. The presence of free phosphorus is shown to depend on the deposition temperature. The changes of dc 
resistivity upon heating is claimed to be due to crystallization and to the formation of NilP regions in the films. 

Electroless Ni-P deposits have been studied quite exten
sively in the past, showing differences in the initial 
state of fresh deposits. 1-8 The differences are believed 
to be caused in part by the variations in deposition con
ditions. For example, the initial structure can be read
ily effected by the deposition temperature. As a rule, 
one may not compare the initial chemical nature and 
structure of fresh deposits, without due regard to the 
precise deposition conditions. 

In a previous publication8 we proposed that the initial 
state of our deposits is most likely to be single-phase 
polycrystalline nickel in which the phosphorus is substi
tutionally dissolved. This was criticized by Randin in 
preceeding paper, 9 based on an earlier work. 7 In it 
Randin et al. 7 used Ni- P alloy prepared at 94°C in a 
nickel chloride solution. In contrast, our samples were 
deposited on activated glass substrates at 23 °c in a 
nickel sulphate solution. 

Randin et al. found their material in the fresh state to be 
Ni + Ni2P with less than O. 5 wt% of free P. Upon heat
ing, two reaction areas in their DT A study were ob
served. 5 One area above 300°C was suggested to be the 
reaction Ni2P +Ni- Ni3 P, while the other at a lower 
temperature was attributed to the reaction of a small 
amount of phosphorous « O. 5 wt%) with the nickel, in 
which it is present as a solid solution, to produce a 
nickel phosphide Ni2P and/or Ni3P. 

If we assume no other difference between our respective 
experiments, but the different deposition temperatures, 
also if we take the total P content in both deposits to be 
7.8 wt% and if we take the activation energy10 for the re
action 2Ni + P - Ni2P to be 15 kcal/mole, then a quick 
calculation shows that the free P in our deposit should 
be over 99% of the total phosphorus content. In the cal
culation we use the expression Nt! N2 = exp( - E / k T 1 

+ E/kT2), where Nl and N2 are the Ni2P populations at 
temperatures T1 and T2, respectively. In the expreSSion, 
E is the activation energy for the formation of Ni2P from 
Ni and P and k is Boltmann's constant. A substitution of 
E, k, and Tl =296°K, T2 =367°KyieldsNl/N2 =0.0072. 
Randin's figure for the free P in their deposits (T2 
= 367 OK) of < 0.5 wt%, gives 94% < N2 < 100% of the total 
P content. With this, we get the Ni2P population Nl 
= O. 0072N2 in our deposits (Tl = 296 OK) to be 0.68% < Nl 

< 0.72% of the total P content. Thus over 99% of the total 
P content remains free in our fresh deposits. This is 
clearly in agreement with our previous suggestion. It 
should be noted that the present calculation is made on 
the basis of Randin's results. 

On heating these Ni- P films we measured the dc resis
tivity and analyzed the observed changes in terms of 
grain-boundary annealing (growth of the crystallites) and 
the formation of Ni3P regions. The former leads to a 
decrease in resistivity while the latter increases the re
sistivity via two separate mechanisms. First, the for
mation of Ni3P takes three nickel atoms away from me
tallic conduction and second, the growth of high-resis
tivity (120- J.LS1 cm room-temperature resistivityll) Ni3P 
crystalline regions causes film inhomogeneities. The in
homogeneous regions restrict the flow of current to 
channels, thus the resistivity increases. For very thin 
films this effect is more pronounced than for thick ones, 
in agreement with our experiments (see Fig. 7 in Ref. 
8). 

The two processes considered in our original work are 
thermally activated ones. The activation energies have 
been found to depend on temperature and film thickness. 
Also the coefficients in the two reSistivity terms [see 
Eq. (5) in Ref. 8] are film-thickness dependent. The 
temperature and film-thickness dependences of the above 
quantities take care of any intermediate process that 
may occur during heating, such as the formation of Ni2 P. 
However, as we had no direct evidence of intermediate 
states, we did not consider them in our analysis. 
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