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NATIONAL BUREAU OF STANDARDS

The National Bureau of Standards 1 was established by an act of Congress March 3, 1901. Today,

in addition to serving as the Nation’s central measurement laboratory, the Bureau is a principal

focal point in the Federal Government for assuring maximum application of the physical and

engineering sciences to the advancement of technology in industry and commerce. To this end

the Bureau conducts research and provides central national services in four broad program

areas. These are: (1) basic measurements and standards, (2) materials measurements and

standards, (3) technological measurements and standards, and (4) transfer of technology.

The Bureau comprises the Institute for Basic Standards, the Institute for Materials Research, the

Institute for Applied Technology, the Center for Radiation Research, the Center for Computer

Sciences and Technology, and the Office for Information Programs.

THE INSTITUTE FOR BASIC STANDARDS provides the central basis within the United

States of a complete and consistent system of physical measurement; coordinates that system with

measurement systems of other nations; and furnishes essential services leading to accurate and

uniform physical measurements throughout the Nation's scientific community, industry, and com-

merce. The Institute consists of an Office of Measurement Services and the following technical

divisions:

Applied Mathematics—Electricity—Metrology—Mechanics—Heat—Atomic and Molec-

ular Physics—Radio Physics -—Radio Engineering -—Time and Frequency -—Astro-

physics -—Cryogenics.

-

THE INSTITUTE FOR MATERIALS RESEARCH conducts materials research leading to im-

proved methods of measurement standards, and data on the properties of well-characterized

materials needed by industry, commerce, educational institutions, and Government; develops,

produces, and distributes standard reference materials; relates the physical and chemical prop-

erties of materials to their behavior and their interaction with their environments; and provides

advisory and research services to other Government agencies. The Institute consists of an Office

of Standard Reference Materials and the following divisions:

Analytical Chemistry—Polymers—Metallurgy—Inorganic Materials—Physical Chemistry.

THE INSTITUTE FOR APPLIED TECHNOLOGY provides technical services to promote

the use of available technology and to facilitate technological innovation in industry and Gov-

ernment; cooperates with public and private organizations in the development of technological

standards, and test methodologies; and provides advisory and research services for Federal, state,

and local government agencies. The Institute consists of the following technical divisions and

offices: j, i

Engineering Standards—Weights and Measures— Invention and Innovation — Vehicle

Systems Research—Product Evaluation—Building Research—Instrument Shops—Meas-

urement Engineering—Electronic Technology—Technical Analysis.

THE CENTER FOR RADIATION RESEARCH engages in research, measurement, and ap-

plication of radiation to the solution of Bureau mission problems and the problems of other agen-

cies and institutions. The Center consists of the following divisions:

Reactor Radiation—Linac Radiation—Nuclear Radiation—Applied Radiation.

THE CENTER FOR COMPUTER SCIENCES AND TECHNOLOGY conducts research and

provides technical services designed to aid Government agencies in the selection, acquisition,

and effective use of automatic data processing equipment; and serves as the principal focus

for the development of Federal standards for automatic data processing equipment, techniques,

and computer languages. The Center consists of the following offices and divisions:

Information Processing Standards—Computer Information — Computer Services— Sys-

tems Development—Information Processing Technology.

THE OFFICE FOR INFORMATION PROGRAMS promotes optimum dissemination and

accessibility of scientific informafion generated within NBS and other agencies of the Federal

government; promotes the development of the National Standard Reference Data System and a

system of information analysis centers dealing with the broader aspects of the National Measure-

ment System, and provides appropriate services to ensure that the NBS staff has optimum ac-

cessibility to the scientific information of the world. The Office consists of the following

organizational units:

Office of Standard Reference Data—Clearinghouse for Federal Scientific and Technical

Information '—Office of Technical Information and Publications—Library—Office of

Public Information—Office of International Relations.

1 Headquarters and Laboratories at Gaithersburg, Maryland, unless otherwise noted; mailing address Washington, D.C. 20234.

- Located at Boulder, Colorado 80302.
:1 Located at 5285 Port Royal Road, Springfield, Virginia 22151.
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DETERMINATION OF THE DEGREE OF POLYMERIZATION

OF A POLYMERIC AMINE FROM NMR DATA USING A

"LEAST-SQUARES" APPROACH

A polymeric amine, the reaction product of 3,5-xylidine and

the diglycidyl ether of bisphenol A, which had been synthesized

and reported elsewhere, was analyzed by nuclear magnetic

resonance spectroscopy (NMR) . A statistical method was de-

rived to estimate the degree of polymerization based on

linear multiple regression analysis of the intensity of the

NMR absorption peaks.
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DETERMINATION OF THE DEGREE OF POLYMERIZATION

OF A POLYMERIC AMINE FROM NMR DATA USING A

" LEAST-SQUARE S
" APPROACH

In a previously submitted paper 1
a method of using

nuclear magnetic resonance (NMR) data for the determination

of n. for the polymeric amine (the reaction product of

3,5-xylidine and the diglycidyl ether of bisphenol A) shown

was presented. In that paper, n equalled 1/ (R-l) where R,

the molar ratio of bisphenol A segment to 3,5-xylidine segment,

was determined by linear regression of the mean intensities

of the various peaks on the mean intensity of the benzylic

peak (adjusted to reflect the number of protons in each of

the two segments responsible for each peak) assuming no ex-

perimental error in the latter and zero intercept.

PBX
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An alternative and more general procedure for determin-

ing _n is as follows:

Since the intensity of a given NMR peak is assumed

to be proportional to the number of protons of a

given configuration causing the peak" we may set up

the following system of simultaneous linear equations:

/wjl ^ = /w-.k(6n +6) = 6/wx nk + 6/wik
ch 3

* — — — —

/w 2 I . = /w 2k(lln +8) = ll/w ?nk + 8/w2karomatic — — ‘

v
/^w3 1 = /w3k(10n + 10) = 10/ w3 nk + 10/w 3kaliphatic

/w4 Ice
3 = 6/w4 nk

where w is a statistical weighting factor inversely

proportional to the variance of the intensity of

the peak, I is the mean intensity of the peak caused

by the protons described by the subscript, CH 3
* refers

to the methyl groups of the bisphenol segment, CH 3

refers to the benzylic methyl groups (on the xylidine

ring) , k is the proportionality constant relating the

intensity of a given peak to the number of protons causing
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the peak, and n is the quantity of repeating units in

the polymer molecule. (In order to make use of a

computer program* for solving unweighted multiple

linear regression equations, w was chosen in such a

way that Zw_^ = number of simultaneous equations.)

The experimentally determined values for the intensi-

ties (in arbitrary units) of the mean (and standard

deviation for a single observation) are I , 7.3 (1.5);
CH 3 *

I _ , 12.5 (3.4); I _ , 13.4 (2.7); and I ,aromatxc alipnatrc CH 3

6.0 (0.40). The weighted standard deviation for a single

observation is 0.76. Each value is the result of three

determinations

.

Using standard techniques, 0 we find that nk equals

1.00 and k equals 0.26. Solving for _n, n equals 3.8. The

standard error of estimate is 0.205. An F test performed

on the ratio of three times the weighted mean square residuals

from regression to the weighted variance of the individual

observations shows that the error due to regression is con-

sistent with the estimated error of the individual observations

* A computer program entitled LMREG (copyrighted by Honeywell,

Inc, 1970) written in BASIC
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at the 95% confidence level, where the factor three puts the

mean square residuals in terms of individual intensity values.

The degree of polymerization is defined as the average

number of monomer uni ts per polymer molecule. 4 Since the

number of amine segments per polymer molecule equals n and the

number of bisphenol A segments equals n + 1, the degree of

polymerization is 2n + 1 or 8.6 according to the above defini-

tion .

Previously, it was implicitly assumed that nk equals

1.00 by correlating all the intensity values with I
CH 3

which was set equal to 6.
L If, in the above equations with

all weights set equal to 1.0, nk is set equal to 1.00 then k

equals 0.269 and n equals i/k or 3.7 as before.
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