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Research and development in the
l:5 IS growing modestly. Total ex
penditures for R&D are expected to
top S122 bilhon in 1987, an increase
of 6'7, over R&D spending from all
sources last year. That's the small
est year-w-vear change in the past
decade, a decade that has seen R&D
funding nearly triple, in current dol
lars. from 1977's $42.8 billion. For
the ;decade as a whole, R&D spend
Ing In the U5 has been growing
llf~ pt'r vear-e-neerlv twfce the rate
.u wh ichrt is growing now.

Stil l . although significantly more
modest than In the recent past. the
Increase rn R&D funding expected
th IS vear does represent real growth.

",outpacmganticipatedinfllitiofl'Py ~~~~~~§~~~~~~~~~~~~~~~~~~~~====1;==·",sb",m~~gcc=ln=k'e'epilfg·With=tlie=reii'::=····="T.~

cent pattern. about half that money
comes from the federal govern
ment-S60 billion in 1987-and al
most all the rest from industry. Uni
versities and other nonprofit insti·
tutions will kick in a relatively
modest 54,2 billion. only 3% of the
total. this vear.

Government spending for R"'=D
is actually growing a good de!1
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faster than federal spending as a however, current levels of support even harder than usual. That's be
whole. If Gramm-Rudman deficit re- for R&D in the U.s. are quite high. cause some of the key data, particu
duction targets are to be met in this R&D spending appears to be level- larly on the industrially financed
year's budget-an event that most ing off at about 2.7% of gross na- half of the R&D picture, have yet to
observers consider unlikelv-the tional product. For most of the past be compiled by theNahonil1 Sci
overall federal budget probably will two decades it has been considera- ence Foundation. NSl' is the chief
rise on iv a verv modest 10/, for the bly lower than that, reaching its source of statistical iriformation on
vear ending Sept 30. Federal R&D most recent nadir in 1978 at just R&D in the U.S., and its data
support, bv contrast, is expected to above 2.1%. Not since the mid·1960s, collected in large part by the Cen
be tip 7"< for 1987 as a whole. In. when massive efforts m space and sus Bureau-form much of the ba
general. the Reagan Administration defense led the federal government sis of this special report. Recent re
and Congress have been relatively to spend twice what industry did to organizations at both the Census
kind to R&D budgets during the support R&D, has such a large frac- Bureau and NSF's !iivj.ion of sci
past sev en years. doubling federal tion of the nation's total output of enceresource;51udu;S=n~ve del;Yed
support for R&D from Its pre-Reagan goods and services, as measured by t~e'compuanon of some of these
level of 529; billion in [980. Even GNP, been devoted to supporting data by three or four months. As a
when mflanon IS taken into account, R&D. Though the rate of growth result, the most recent data avail
federal R&D support has grown 46% may be declining, overall support able for many aspects of industrial
smce 1980 for RIoDin the U.S. appearutrong. R&D spending are based on infor-

Until recently, industrial support Chemical R&D, of c;ou~, is only .mation collected in 1983,toolon~.""_._·=,"=,"=,"='1'
.'M.Jor R&D has kept pace -with -the -iislt\aUpil!c;eotthe_.to_taLRlk.D~jc-agoetocgi.yecacpreciset'ictun!-ofthl!....
=,""""fe9.d",~11ll't=lllcclc9S6,.nflgaifftn·iure.Just how much of the total state of that R&D effort now.

1987, however, prelimmary figures national effort focuses on chemls- Of the federally funded half of
indicate that industry's support for try is never easy to measure, in part U.s. R"D, the biggest share-69'Jll
R&D is lagging behind that of gov- because the point where chemical for the 1987 fiscal year-is funded
ernment. R&D spending by all in- R&D breaks off and R&D begins in by the Defense Department. De·
dustry is expected to rise 5% this some closely related field-materials feNe's share of the federal R&D'
year, following a 6% increase in 1986 science, say, or biotechnology-has budget has been climbing steadily
and one of 7% in 1985. Federal sup- never been clearly defined. in recent years, from a level of about
port over the same period rose, on This year, separating out that part 45' that prevailed throughout the
average, 10% per year. of the overall R&D effort thilt can t.te 19709. That shift parallels an-

Considered in a broader context, reasonably be called chemical is other one that is taking place, name-

..., 2'. ,." <:UN :12
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1987 total R&D spending =
$122.3 billion

Federal funds account for
half of all U.S. R&D

merit-run R&D facilities each per
form about equal shares of the
remainder.

Historically, the overall chemicals
and allied products industry per
forms about 70% of all the applied
R&D done on chemicals or drugs
by industry. R&D performed by
companies in the chemicals and al
lied products industry is estimated
to have increased 10% in 1986 to
$9.5 billion. That level of growth is
off a bit from the 12% average an
nual rate of increase for the past
decade. When adjusted for inflation,
however, the real growth in spend
ing for 1986, at 7%, is slightly better
than the 6%annual rate for the dec
ade as a whole.

Growth in R&D at major indus
trial chemical companies was not so
high as that for the chemicals and
allied products industry as a whole
in 1986-up only 4%. Some of this
difference comes about because drug
companies, which are part of the
chemicals and allied products in-
dustry;areincreasirtg"'their'" R&D"

44="5'1pe~eftlWl"m°biSirchemff'i:=='.===\
cal companies. Another contribut-
ing factor is a major divestment that
took place at Union Carbide in 1986.
The company sold off nearly 52 bil-
lion of its assets, largely in consum-
er products fields. The much small-
er Union Carbide spent less on R&D
in 1986 than its predecessor com pa-
ny had in 1985. When this change
is taken into account, major chemi-
ca! company R&D spending rose 7%
in 1986, C

support to 5132 million, nearly to
the level of the second largest sup
porter of chemical research in the
federal government-the Depart
ment of Energy, which expects to
spend 5139 million on such research
in fiscal 1987, down 6% from 1986.
In fact, except for the Defense De
partment and NSF, all the major
supporters of chemical research in
the federal government will de
crease their spending in this area in
1987. The net effect is a 3% rise
overall for federal support for chem
ical research-no change at all when
inflation is taken into account.

At universities, where half of the
nation's basic research is performed,
overall budgets for basic research
were up a healthly 8% in 1986.
Funds for applied R&D, which to
gether account for only a third of
total R&D spending at universities,
also were up 8% in 1986. Spending
at universities on chemical R&D
reached $450 million in 1986, also
an 8% hike from 1985. The federal
government is the principal funder
of university R&D-supplying near
ly two thirds of the 51Ll billion
universities expect to spend on R&D
in 1987.

Though universities have a major
role in performing basic research in
the U.S.. they trail far behind in
dustry when it comes to carrying
out applied research or develop
ment. In fact, industry will do 73%
of the total R&D conducted in the
U.S. this year, a fraction that has
held essentially constant for the past
decade. Universities and govern-

1173 7. 75 71 T1 71 " • It .2 t3 .. .. • .,.
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1987 total R&D spending =
$122.3 billion

o
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R&D share of U.S. GNP levels off after rise of early 1980s
TalalR&D as % of gross national prOduct
30
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20

Almost three quarters of
all R&DIs by Industry

ly that more and more federal funds
are going into t~.developmentpart
of R&D-72% in 1987, up from 64%
five years ago. The Defense Depart
ment is the overwhelming source
of federal development funds, sup
plying almost 90% in 1987.

Chemical research also finds its
single largest federal patron in the
Defense Department, which in the
1987 budget year is expected to
spend $185 million for it. That's 28%
of total federal chemical research
support, which is estimated to reach
$671 million. Defense Department
support is up 10% from 1986 levels.
Growing even faster is support from
the National Science Foundation,
which expects a 179i boost in its
funding for chemical research in
fiscal 1987. That would bring its
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\. West Germany
U.K. 3%

U.S.
54'"'

I
France 3%

1986 total U.S. patents issued = 70,860

Others

Japanese now receive nearly
200f0 of U.S. patents

Soun:e: U.S. Paten' & Trademark Office

./
Applied chemistry &:

chemical engineering

1986 total papers' = 474,429

-------_._----,

Two fifths of chemistry papers
are in biochemistry

a Number 01abstracts 01papers publistlad in ChelJ~ICal Abstracts.
Source: Chemical Abstracts Service

PERFORMERS OF R&D: Industry's share is six times that of govemment

$ BIllions (current) Annual change
1987- 1916- 1985· 1914 '''3 '982 '"' '180 1117' 1971 1977 1981-87 1977-87

Induetry $ 88.7 s 84.4 $ 78.2 $71.5 $63.4 $58.0 $51.8 $44.5 $38.2 $33.3 $29.8 5"/0 12%
Federal govemment 15.1 13.4 13.0 11.6 10.6 9.1 8.4 7.6 7.4 6.8 6.0 13 10
Universities and colleges 10.7 10.3 9.5 8.5 7.8 7.3 6.8 6.1 5.4 4.6 4.1 4 10
University-auoclated FFADCsb 4.0 3.8 3.5 3.1 2.7 2.5 2.5 2.2 1.9 1.7 1.4 5 11
other nonprofit institutions 3.7 3.4 3.3 3.0 2.7 2.4 2.3 2.2 2.0 1.7 1.5 9 9

TOTAL $122.3 $115.2 $107.5 $97.6 $87.2 $79.3 $71.8 $62.6 $54.9 $48.1 $42.8 6% 11%

$ BIllions (1982, conslant)

Industry $ 74.5 s 73.7 $70.1 $66.9 $61.0 $58.0 $55 1 $51.9 548.7 546.1 544.3 1% 50,.,

Federal government 12.7 11.7 11.7 10.8 10.2 9.1 9.0 90 9.5 95 9.0 9 4
Universities and colleges 9.0 9:0 8.5 7.9 7.5 7.3 7.3 7.2 6.9 6.4 6.1 0 4
University-associated FFROCSb 3.4 3.3 3.1 2.9 2.6 2.5 2.7 2.7 2.5 2.4 2.1 3 5
Other nonprofit institutions 3.1 3.0 3.0 2.8 2.6 2.4 2.4 25 2.5 23 2.2 3 3

TOTAL $102.7 $100.6 $98.4 590.5 $83.9 $79.3 $78.6 $73.2 $70.1 $66.8 $63.7 2% 5%

a e&EN esnmates b Federall~ lundeod R&D centers. Those administered by both industry and by nonprofit institut,ons are ,ncluded in toters for tnerr rescecuve sectors
SourCe: Nahonal Science Foundation

.....A.R <.(;7" ~)!= ,:; ~ ,:; Uniform growth in all three ~tors

·''''S''Bllllon.~fcurr.nt ).. -'''Annu'al'''chang'e''
~. ~mM_"-981"",mm'~'~1988·""·"'~"-'-198S·"~""'~198.'"'~'''·''''''''1·9~9a2 -- 198::t"''''''''''''~1980~'''''''-'''~''1·9-1-9~,·" ..,m1·9-1--lF==1-9-1-'1"...,m'-1-9~"---19c-1.1'=81~""m~~_-

Basic research

Applied research
Development

TOTAL

Basic research

Applied research
Development

TOTAL

$ 14.7 s 13.8 $ 130 5121 $11.0 5 9.9 $ 9.2. $ 81 S 7.3 5 6.4 5 5.5 7 ~''J

26.4 24.7 234 223 204 185 16.9 14.1 123 10.8 9.7 7
81.2 765 71 1 629 55.8 50.9 45.8 405 35.3 30.9 275 6

5122.3 $115.2 $107.5 $97.6 $87.2 $79.3 $71.8 $82.6 $54.9 $48.1 $42.8 6%

S Billions (1982, constant)

5 123 5 12 1 $11 t ·$1'2 $106 5 99 5 9.8 5 95 5 93 5 89 5 83 2"':-
222 216 210 207 196 185 180 165 158 15 1 145 3
682 668 63 a 58.3 53.7 50.9 48.8 473 450 428 409 2

$102.7 $100.6 596.4. 590.5 $83.9 . $79.3 $76.6 $73.2 $70.1 566.8 $63.7 2%

10""
11

11

11 v'o

, 5

5 '-:

a edEN esnmates Source: Na1,onal sc.eoce sooooeuco
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Sources of R&D funds $ billions constant (1982)
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... they are only two thirds higher
if inflation is taken into account

Industry

_government
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1972 73 74 75 76 rr 78 79 80 81 82 83 84 85- 86- 8]1'

6Of---~----__:001""--------j

Although u.s. outlays for R&D are up
fourfold in the past 15 years .
Sources of R&D funds. $ billions, current
120

100 f----------------..,'-----j

a C&EN estimates. Source: National Science Foundation
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SOURCE~ OF R&D FUi~j)S : Industry and federal government each contribute nearly half

$ Billions (current) Annual change

1987- 1986" 1985· 1984 1983 1982 1981 1980 1979 1978 1977 1986-87 1977-87

Industry $ 58.1 $ 55.3 $ 522 $48.8 $43.5 $40.1 $35.9 $309 526.1 $22.5 $19.6 5 ".Q 11 '"'0

Federal 60.Q 56.0 51.8 45.6 40.7 36.5 334 295 26.8 23.9 21.6 7 11

TOTAL $122.3 $115.2 $107.5 $97.6 $87.2 $79.3 $71.8 562.6 554.9 $48.1 542.8 6% 11%

ANNUAL CHANGE 6% 7% 10% 12% 10% 10% f5% 14% 14% 12% 10%

S Billions (1982. constant)

Industry $ 48,8 5 483 $46.8 $452 541,9 540,1 $38.3 $36.1 $33.2 $311 $29.2 1"'0 5";)
Federal government 504 489 465 423 392 36.5 35.7 34,5 34.3 332 32.2 3 5
Universities and colleges 23 22 2 1 19 1 8 1 7 1.6 1.6 1.5 1 4 1.3 5 6
Other nonprotft institutions 13 1 2 1 2 1 1 11 10 1.0 11 1.1 1.1 10 8 3

TOTAL 5102.7 5100.6 596.4 $90.5 583.9 $79.3 576.6 $73.2 $70.1 566.8 563.7 2% 5%

ANNUAL CHANGE 2% 4% 7 ~/O 8 0
' 0 6~~ 4% 5% 4% 5% 5% 2%

a C&EN estimates Source: National sc.eoce Foundat,on
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PATENT ACTIVITY OF U.S. COMPANIES:- Significant decline for chemicals in 1986
Total

Humber of patents luuM 1'" ,115 '.... '"3 "12 '"l "10 "7' lIn "77 "77-"
CHEMICAL COMPANIES
OOw Chemical 37' 335 328 246 276 260 249 2'7 334 297 2,113
Ou Pont 329 342 348 326 283 343 289 227 386 431 3,30.
Clba·Gelgy 24' 305 290 244 281 345 309 248 347 354 2,117
Union Carbide 208 242 231 '82 202 262 211 197 215 224 2,174

PPG Industries 124 '26 137 '37 '77 169 '66 116 '90 '96 1.512
Monsanto 110 '00 138 136 131 211 205 '44 264 '92 1.831
American Cyanamid 92 115 111 '28 '29 168 205 143 225 2'5 1.551
Olin 8' 117 112 85 60 80 '06 82 99 91 933

Ethyl 77 '05 76 44 31 43 51 25 41 46 531
Int.rnatlonal Flavors & Fragrance. 76 '04 95 87 87 96 76 60 80 52 813
Siauffer Chemical 75 '04 95 81 87 94 93 80 '32 116 957
Celanese 66 67 94 57 56 58 56 44 7' 70 839

Hercules 43 4' 39 37 30 52 23 24 49 5' 381
W. R. Grace 42 45 57 52 49 68 72 56 76 63 580
Rohm,. Haas 33 3' 37 55 49 77 74 77 95 94 622
GAF '2 23 '9 21 32 47 48 54 57 26 331

TOTAL' 1983 2204 2207 1118 1180 2.13 2233 1718 2881 2518 21,113
ANNUAL CHANGE -10% 0% 15% -3% -18% 8% 2.% -33% 6% -1%

a InclUl1es U S chemlcat companies or US-based SubSidiaries 01 lOf819n compan!., !hall'111ye received more tM'l 999 U.S. pa*ts Sl~ lH2. b These tOtals include patents iNued 10 the
Chemical compan,.s sre.....n ,n thIS laDle only Source: U S, Pafl!ll'll '" Trademark Office

U.S. PATENTS: Those of foreign origin rose 2% In 1986 as those of U.S. origin declined 4%
Total

Humber of patltntsluued "" '"' t... '"3 '"2 "" "10 ,,,.. tUI 1177 1177-.'

U.S. origin 38.12. 31.55. 38.385 32,871 33,818 31,223 37,358 30.071 .1.2,. .1••85 372.207
to US, corporations 27.324 26.944 28.002 24.038 24.085 27.623 25.967 21. '45 29.421 29.566 288,115
to U.S. government 1.011 t. '24 1.228 1.043 1.003 1,117 1.232 961 1.233 1.484 11••38
to Incivrduats in the U.S 9.46' 9.243 8.887 7.562 8.539 10.241 9.9.0 7,804 10.399 10.249 12,325
to foreign-owned 326 243 248 228 269 242 217 189 201 186 2.331

corporations In the U_S

Foreign origin 32,736 32.107 28.835 23,"1 23,112 28,5" ze.•83 18,775 2.,8.8 23.78. 280.077
[0 U S.-owned corpcratrcns 2.231 2.274 2.032 1.860 1.7'5 1.839 1.694 1.36. 1.961 1.970 18,7.0

abroad
to foreign corporations 26. '96 25.721 22.985 19.019 18.589 20.5.9 '8.665 14.4.7 18.875 '7.879 202,125
to foreign governments .71 .83 440 338 368 2.9 253 186 2.9 215 3,250
to foreign metvrduats 3.638 3.629 3.378 2.97. 3.320 3.911 3.851 2.778 3.763 3.720 35,182

. TOTAL 70,880 71,881 87.200 58.180 57,188 85.771 81,811 .8.854 88.102 85,281 832.2"
% FOREIGN 48.2% •••8% .2.1% .2.2"" .U"" eo.•"" 3"''''' 38•• "" 37.8"" 38•• % .1.1%

a Patent !'9\ll'e' ....e-e 10.... ,n 1979 oecause t!"e U.S. Pa'-tll &Tr~ Office ... 1hor1 Of""'* 10 prlrW~t*"Ilt l'N;tItoe.-.-_heYe.....c. s..rc.: U.S, PII.." &Tr~ OfIlce

HOLDERS OF U.S. PATENTS: Japan's share doubles In past decade
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ABSTRACTS OF PAPERS IN CHEMICAL ABSTRACTS: BIochemIstry's share holds steady at 40%
P.,c.ntav-

1'"
-_.".. 1"4 1813 '"2 ,.., 1171 1'71_"

BIOCHEMISTRY 40.4% 40.5% 40.5% 38.3% 38.5% 39.0% 38.8% 1.6%
% of all biochemistry abstracts

Mammalian hormones· 12.5% 12.3% 12.4% 12.9% 12.2% 6.8% 5.9% 6.6%
Pharmacology 12.2 12.3 11.8 11.8 12.0 12.4 12.0 0.2
Mammalian biochemistry" 10.8 11.1 11.3 11.1 , 1.6 15.6 16.3 -5.5
Toxicology 7.8 7.9 8.0 6.5 8.1 8.7 6.4 1.4
Immunochemistry 6.1 5.3 4.8 4.2 4.4 3.4
Biochemical genetlcsb 6.1 5.2 4.2 3.8 3.3
Microbial biochemistry· 5.7 5.7 5.2 5.1 5.3 5.6 5.0 0.7
Enzyme. 5.6 5.6 5.8 6.1 5.9 5.9 6.4 -0.8
Plant biOChemistry· 5.2 5.5 6.2 5.9 6.2 5.8 6.1 -0.9
Biochemical methods 5.0 4.9 4.9 4.9 4.6 5.7
General biOChemistry 4.7 4.9 5.3 5.8 6.0 75 7.1 -2.4
Others 18.3 19.3 20.3 19.9 20.4 22.6 34.8

PHYSICAL. INORGANIC. AND ANALmCAl CHEMISTRY 29.8

Spectra
Nucl••r chemistry
EI_rlc phenomena
Cryllallography and liquid crylla"
_al phyllcal c......,llry
Analytical c......,llry
Ot".,.

20.0
19.9
10.8
7.0
7.0
6.8

28.5

29.8 28.8 29.8 28.5 28.0 27.5
% of aU physical, inorganic. and analytical chemistry abstracts

18.4 18.0 17.8 17.2 18.0 178
21.8 22.2 22.5 22.8 21.6 19.7
10.8 10.8 10.0 10.5 11.0 10.5
7.5 7.8 8.3 8.7 8.9 9.7
6.9 6.9 7.3 7.3 7.2 70
8.1 8.3 8.2 5.4 5.8 6.6

28.5 28.0 28.1 28.3 27.5 28.7

2.3

22
0.2
0.3

-2.7
0.0
0.2

-0.2

APPLIED CHEMISTRY AND CHEMICAL ENGINEERING

w.t.... ,w...u. and pollution
Me'a.1 and alloy.
Mlnaraloglcal and geological c ......loIry
FONtI fuell. derlvetlv••, and relatea procluctl
Unit operatlonl and proc.....
Ot".,.

18.2 18.4 17.8 19.4 19.5 19.1 18.8
% of all applied chemistry and chemical engineering abstracts

21.9 20.2 21.0 19.6 21.7 24.0 18.6
20.8 20.0 18.9 19.1 22.2 17.9 278
12.0 12.5 14.8 14.1 13.6 14.1 17.6
9.0 10.1 10.1 10.3 9.4 9.4 6.0
7.1 75 7.0 7.5 6.9 6.4 46

29.2 29.7 28.4 29.4 26.2 28.2 25.2

-0.6

3.3
-70
-5.6

3.0
23
4.0

-2.1

:-0.4

-2.8

-11.1

9.6
-2.4

2.7
-0.7

8.7

38.4
6.7

17.4
5.1
8.0

8.7

.8.8 6.5
4.2 4.3.

11,8 .. .1.1.-.8.

7.8 7.3 7.2
% of all organic chemistry abstracts

32.0 30.5 31.5 37.0
17.1 16.3 14.8 8.3
15.6 16.2 15.8 18.2

5.7 5.8 58 5.4
8.3 7.1 72 8.7
4.4 4.5 3.7
3.8 4.3 5.2

H 4.5 .4.4

...10.~ ..10,8... ...11,.8.....

8.4

30.8
16.2
18.1
5.7
6.3
4.9
4.2

... H
.....JJ..•.~.

5.9

27.3
18.3
15.0
7.8
7.3
5.0
4.4

~.~

...............wtl.0

ORGANIC CHEMISTRY

Phy~cal organtc chemistry
Organometallic and organometallokf.' compounda

Heterocyclic compounda'

Carbohydrat"
.romatlc compounaa

Blomclecu," and '-If_Ie.......
Aliphatic conli\OGU MIl'

c,-",,,",,!~_,~,~,;,~P~~~,,~,,Pt!!,!;~,,!,:
~.•.•

MACROMOLECULAR CHEMISTRY

S~"pof'h.'"'-_actIn__
C....." ......_. ..-

Ta_
CoalInga, ... _.-elI,,-.,- .._al_--

5.7

34.1

23.8
9.8
8.8
7.2
8.7
U

u s.s 5.. 5.3 5.2
% of ... tnICICNiiOleCullr 'ctwnII1r) i1t:stiiCbi

34.1 34.0 34.. 34.7 30.3
25.3 24.2 24.4 21.1 at.•

11.1 11.8 11.1 11.7 10.1
8.2 7.3 7.11 U U
7.2 7.8 8.8 7.8 7.~

8.8 7.3 7.5 7.8 7.11

11.3 U 10.1 U 7.'

8.2

28.3
28.8

9.1
11.1

7.8
8.8
8.5

-0.5

5.8
-3.0

0.7
-2.3
-O.~

-1.9

1.1
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Defense's share of federal support grows

Defense gets nearly 70% of federal R&D funding but less than a third of funds for chemistry
,

..............~' National Science
FoundationHealth & Human

Services

Agriculture

Health & Human
Services

Energy

National Aeronautics & Space Administration

Others
5%

National Science
Foundation 2%

Estimated fiscal 1987 total federal
R&D obligations = 559.2 billion

Estimated fiscal 1987 federal chemistry
research obligations =5671 million

Source: National Science Foundanon

FEDERAL OBLIGATIONS FOR R&D: Up strongly thanks to big boost for military funds
Annual change

S Millions 1987- 1986- 1985 1984 1983 1982 1986-87 1982-87

Defense $40.678.8 $33.646.3 $29.791.5 $25.372.9 522.992.6 $20.622.6 21% 15%
Air Force 17.356.5 13.757.5 13.260.9 12.091.6 10.812.6 9.35i.9 26 13
Navy 10.700.8 10.137.3 9.127.4 7.605.6 6.068.2 5,845.1 6 13
Army 5.710.2 4.850.2 4,570.8 4.225.5 3.998.1 3.760.5 18 9
Defense aqenctes'' 6.775.3 4.790.7 2.781.7 1,391.5 2.052.3 1.618.1 41 33

Health & Human Services 5,270.8 5.611.3 5.451.0 4.830.7 4.352.5 3.940.7 -6 6
National Institutes of Health 4.672.3 4,977.3 4.827.7-> 4,257.4 3./89.2 3A33.1 -6 3
Alcohol. Drug Abuse & Mental Health 383.1 396.2 3776 337.2 302.2 248.1 -3 9

Administration

Energy 4.770.7 4.691.6 4.996.0 4.673.6 4.536.7 4.708.2 2 0
National Aeronautics & Space 3.926.0 3,478.4 3.327.2 2.821.9 2.661.6 3.077.9 '3 5

Admii,islration •

o"'N'iTionafsc'fe'n'ce"'Founcfation'" QQi:S08.3 ·········':333:5· ·1:3(5:6······ 1:202:8 "1:062:0
Q

.....····975:3· '13 ·9··· -'''-- ,~,~~,"~"'.,.",

Agriculture .... ·...·90'9"2············gn:o· H'"

943'~
"._,m

m. -S66':':C "'jfii:'e 197:"3 T 3
Agricultural, Research Service 4970 463.1 469.7 451.3 443.4 404.9 4
Cooperative State Research Service 234.4 2631 2843 2357 232.3 219 a -11 1
Forest Service 111.5 120.1 113.1 108.4 107 7 1121 -7 0

Interior 350.6 388.3 391.7 410.9 382.5 381.1 -10 -2
Geological Survey 207.6 218.6 214.9 2089 1570 1526 -5 6

Environmental Protection Agency 309.6 333.6 320.4 261.2 240.7 335.1 -7 -2

Commerce 300.9 391.1 398.8 358.2 335.0 336.3 -23 -2
National Oceanic & Atmospheric 1963 268 1 2698 2443 2220 2220 -27 -2

Adrnmistrauon
National Bureau of Standards 91 4 993 100.5 95 5 950 888 -8

Others 1.1'84.7 1.264.7 1.367.1 1.426.5 1.300.1 1.258.1 -6 -1

TOTAL S59.209.6 S52.061.8 S48.332.3 $42.224.9 538.711.5 S36.432.6 14 0'0 10'"'0
ANNUAL CHANGE 14 ~'o' 8'b 14 0/0 9% 6 'J,o 4%

.40 July 27. 1987 CaEN



Y FUNDED RESEARCH: 54 % is undertaken by industry,

,

I
I"
I

I
I

PERFORMERS OF FEDERA

$31,787,9
15.396,7
6,558,7
2.712,8
2,451.3

219,8
82,4

359,209.8

........-1.88'" ,... ,- ,... 'D. ' 1181-17 1182-87

$26,847.9 $23.774.3 $20,381.5 $18,649.0 $18.698.6 18% 11%
I'13,533-4 12.998.4 11,572.3 10.581.9 9.141.0 14 11 ,I

6,554,7 6.299,0 5,565.1 4.966.4 4.605.5 0 7
2,446.2 2.534.5 2,324.9 2,265.8 1.976.7 11 7
2,318.1 2,365.0 2.094.4 1,822.9 1.612.3 6 9

257.8 255.9 175,8 239.5 214.3 -15 1
103.6 105.2 130.9 186.0 184.3 -20 -15

$52.081.8 $48,332.3 $42.224.9 $38,711.5 $38,432.8 14% 10%

Note: Fiscal·yeers.• EstImated. b Federalty fLn)ed R&D centers. Those administered by both indUstry and by nonpfoflt institutions ar8 included in totals for their respective sectors. SOUreti:
National Science Foundation

FEDERAL OBUGATIONS FOR SCIENTIFIC DISCIPLINES: Slow growth for chemistry this year
...............

S MHIJons for ,...atCh only 1187· 1...• ,... 118.. 'U2 1••2 1IM-87 1982-1987

Life sciences $ 8,289.2 $ 8,457.8 $ 8,388.2 $ 5,835.9 $ 5,177.9 $ 4,745.5 -3% 8%
Engineering 3,857.8 3,884.4 3,828.5 3,824.1 3,517.0 3,388.5 5 3

Chemical 186,0 243.5 254.1 144.5 145.0 95.1 -24 14
Metallurgy and materials 465.5 464.1 439.1 341.1 332.5 309.1 0 9

Physical sciences 3,300.3 3,071.8 3,044.0 2,969.0 2,891.4 2,500.4 7 8
Chemistry 670.9 653-4 644.5 606.4 520.3 481,2 3 7
Physics 1,965.4 1,829.4 1,820.0 1,836.4 1,854.6 1,810.5 7 4

Environmental sciences 1,483.4 1,458.2 1,403.8 1,275.9 1,251.2 1,148.3 2 5
MathemaUcs and computer selenees 759.0 885.0 577.5 440.3 419.4 350.1 14 17
Other sciences 1,151.4 1,117.7 1,110.3 1,033.8 998.8 891.4 3 5

TOTAL $18,841.1 $18,454.7 $18,130.1 $14,978.8 $14,253.5 $13,022.2 2% 5%
ANNUAL CHANGE 2% 2% 8% 5% 9% 7%

a Estimated. SOurc.: National Science Foundation

,",: '.

2l---------~-------_j

Government funding of basic research ,
catching up with applied research suppOrt
Federal obligations for research. $ billions
10

o '---1.._-'-_'----1.._-'-_'---'-_-'----'-,---'.
1977 78 79 80 81 82 83 84 85 88' 87'

....: Fiscal years. a Estimated. sourc.: ~llonal ScienceFoundation

2.0 .

o~~
1977 78 79 80 81 82 83 84 85 88' 87'

3.0

1.5

0.5

1.0

Federal support for physical science Iitle
changed since 1983 in real dollars
Federal obligations 10rresearch. $ billions

3.5 ~~~~~

Nole: Fiscal years. a Estimated. Source: National ScienceFoundation

Juty 27.1987 C&EN 1&1 .. )



FEDERAL OBllGAnONS FOR BASIC RESEARCH: LItUe growth this year
---ch!np.- 'N7" .- ,- .... .- 'M2 ,,- "'2-1U7

H••Hh Ii Human SenIcet: $31.2.• $3357.1. $3232.5 '2'1• .5 12.75.• 521«.7 -.% 8%
Nationalinstttutes of Health 2938.3 3133.' 3018.0" 2'2•.8 2313.0 2020.7 -8 8
Ale_I. Drug Abuse & Mental

Health Administration 20•.• 208.2 198.8 170.8 '.5.0 117.3 -1 12
H.,lonal sctenc. Foundation 1422.' 1255.7 12.1.1 1132.3 _.1 '18.1 13 •EMfW 1083.1 ..... '.2.' 830.• 787.7 842.2 12 11
Del..... "5.' " •.3 ",.• 847.' 71S.' ....7 0 8 ,

Navy 385.8 350.5 343.1 315.8 305.• 280.3 10 7
Air Force 28•.5 23•.• 198.3 192.• 184.2 '.5.8 21 ,.
Army 2.9.3 2.2.• 240.8 222.1 208.3 187.7 3 8
Defense agencies!) 78.5 187.0 79.2 117.6 107.7 72.9 -5. 1

National Aer_' Spac.
A_loIratlon ..... -!...1 ISO•• 750.' 75••5 817.0 535.7 18 13

Agrlcun • 432.7 ..... 382.' 382.0 330.8 0 8
icutturat 267.2 247.6 250.2 240.8 215.3 192.9 8 7

Cooperative State Research
service 115.8 126.2 141.5 99.8 98.8 91.3 -8 5

Forest service~ 43.1 50.5 «.1 .'.2 38.8 38.7 -15 2
Int 115.7 137.8 138.3 125.' 103.0 78.5 -18 •Geological SIlVey 79.5 83.• 80.5 78.9 84.7 52.8 -3 9
En.I,_al Protectlon.lgency . 37.0 3'.3 38.8 28.' 22.2 32.7 -. 3
Commerce ~18.5 22.1 23.2 20.' 18.2 18.1 -12 3

(/V_:smrai}h.eau ot Standard:! 19.1 21.2 22.1 20.2 18.4 18.5 -10 3
Idnai Oceanic & Atmospheric

Administration 0 0 0 0 0 0
01...... 111.3 110.0 12•.0 11'.1 lot.' ".3 1 2

TOTAL $8347.7 $81".1 .7"'.7 '7087.• $8280.1 15..1.8 2% .%
ANNUAL CHANGE 2% .% 11% 13% ,.% .%

Note: Fi~ yNf'S.• EstirNted. b Inc...... 0efenM Ad'w'~Pro;ects AgMCy. Det...~ AgwIcy. _ 0lI'*l.~ HiIUcI.-l SdenceF~

:-::::=~ Al OBLIGAnONS FOR APPLIED RESEARCH: Increases for Def...., NASA, and NSF
AnnueI c:I\!f!p!.- fft7· "... ,- .- ,- .- '--'1 1H2·1117

Defense 12"'.1 .23.... .2308.. '2200.7 '2437.0 .2288.1 11% 3%
Army 719.• 551.3 582.8 488.7 485.3 .51.8 30 10
Air Force 582.2 573 .• 538.• 5.7.7 52•.2 488.1 -2 3
Navy 484.8 483.9 ....2 449.6 521.8 498 .• 0 -1
Defense agencies!) 889.9 778.2 737.7 718.8 905.9 828.1 15 1

Health I: Hum... 5ervlc.. 172•.0 1834.0 lTt1.' , ..1.5 1148•• 1_.' -. 3
Nancnat Institutes of Health 1388.2 ,"2.8 ,.,0." 1285.8 1185.2 1103.8 -8 4
Alcohol. Drug Abuse &

Mental Health Administration 177.5 '''.8 179.7 185.2 155.4 128.7 -8 7

__"'~tional Aeronautics II Space
Administration 13".5 1114•• 1032.7 "4.7 '27.' .71.4 25 10

Energy • 13.3 1010•• 11.... 11.... 1113•• 1083.' -15 -3
Agrk:uMwe ..... ..... _.. 44U ..... 438.7 -3 '0

Agrieu""al Research senne. ~2.4 1... 1 191.8 1~.7 ~2,5 .1.'ll.2 . . .... 5... .2 . "",.'_n"""'__
G_allve'State'R_ch" " -"_.,,--,.~, .•,, ... , ....--,

-- Sentice--- .. '1'1"'1"13809 ·····142"8·· ······,311:2·······················13305·····12n· .. ·;;;13··
Forest service es.• ".7 85.7 .3.1 85.1 ".0 -2 -1

Con.Mlca -.7 30404 3111.0 27t.l ••• _.2 -22 -2
HattoM' 0C8Mic & Ablc Il:"ic

AdmintalratJon 183.' 228.7 224 .• tt7.7 1.... '''.5 -29 -3
Natlonalb'" of S_ 83.5 85.' .4.5 83.5 03.1 57.4 -3 2- 21'.' 227.1 231.0 214.1 .'" m.t -7 -5
Cloi<"oglcal &ney 11'.2 127.8 130.0 125.1 ••• ".4 2 8

L,,~ ......... lItoIecIIorI AtIMcr 170.' '''.4 170.0 1.... 111.4 21t.' -I -.
........ 1dMce , ... ;5 ".7 77.' 83.1 71.1 ... .7.1 " •
Olllen 878.2 "7.0 720.J TU.' -., .... 1 1

TOTAL "-.4 ...... _11..
87111A ~4 87I4U 2,. 2,.

AllllUAL CtWlQI 2,. 0% 5,. . -1" .,. .,._.-.-..._.__ ......_-........_-_.------ I,

a _21.1"7~ CIICU 31 ON AEAllElI _va CAAO- t





BASIC RE3c,J.PC'-' ; !'1 "HYSICAL SCIENCE: NSF. Defense score biggest gains for chemistry
1.87- 1'••• "15 "14 t...

Phy*.' "",*_, - ""'..... PtI,*-,1
Fede'r., obll9atton.. S mlllton. SCI...c.. Chemt_ry ........ Chemletry ..-.. -... -.. c-... ........ ~
Energy $ 852.5 $112.1 $ 743.1 $108.5 $ 738.1 $102.3 $ 888.4 $108.4 $ 639.2 $104.3
National Aeronautics & 535.8 7.8 437.7 5.1 377.9 10.2 338.7 5.4 329.5 7.7

Space Administration

National Science Foundation 380.7 128.9 340.6 109.9 347.9 112.7 330.2 106.6 263.5 88.5
De'ens. 213.2 82.1 212.7 73.9 185.5 70.1 212.2 60.0 198.4 55.6

Navy 875 30.3 84.8 26.1 73.9 26.7 tOO.4 20.7 98.0 18.7
Air Force 776 32.7 63.9 270 54.1 22.8 48.3 20.3 39.3 175
Army 46.2 19.0 517 20.8 54.3 20.6 59.8 19.1 58.7 19.4
Defense aqenctes'' 1.8 0 12.3 0 3.2 0 3.7 0 2.5 0

Health & Human Service. 61.4 73.4 88.8 78.3 63.8 75.4 72.0 65.0 81.8 55.0
National Institutes of Health 79.3 71.4 84.6 76.1 81.5- 73.3· 70.8 83.8 60.9 54.2
Atcohct. Drug Abuse & 2.1 2.0 2.2 2.1 2.1 2.1 1.2 1.2 0.9 0.9

Mental Health Administration

Agriculture 33.5 .33.3 35.6 33.5 35.8 33.8 45.4 43.5 40.0 38.2
Agricultural Research Service 269 25.5 25.0 23.7 25.2 23.9 37.4 36.0 33.5 32.2
Cooperative Slate Research 46 46 6.1 6.1 6.4 6.4 5.4 5.4 4.1 4.1

Service
Forest Service 3.9 3.2 4.6 3.7 4.0 3.3 2.6 2.1 2.4 1.9

Commerce 15.9 5.2 18.1 8.7 11.7 7.2 18.3 4.8 15.7 4.7
National Bureau of Standards 15.9 5.2 17.6 6.3 18.9 6.4 16.3 4.8 15.7 4.6

Interior 7.0 5.5 7.1 8.3 7.8 8.0 7.1 5.8 2.1 1.8
Geological Survey 70 5.5 7.9 6.3 7.6 6.0 7.1 5.6 2.6 1.8

Environmental Protection Agency 3.4 2.9 3.8 3.1 3.5 3.0 3.0 3.0 2.3 1.9
Others 17.8 0.4 15.8 0.2 18.8 0.3 14.7 0.1 13.5 3.5

TOTAL $2141.0 5451.3 $1101.7 $425.4 $1814.0 $420.8 $1728.0 $403.4 $1587.2 5382.2
ANNUAL CHANGE 13% 8% 5% 1% 5% 4% I'll. 11% 14% 18%

Note: F,scal years a EslllT1aled b lflCl..oes Defense Advanced Rese.ch Prorects Agency. o.f.,. Hue..~. and 0f'IwI. lower. NtItianal Sc.-.. FClWI:IMIOn

ejGiNEERING RESEARCH: Support for chemical englneemg drops sharply this year but Is stili twice tt

...........
1111' t_

CIloollcoI -' .......... -...,.S MIllIontI ....--11. .,,_111, - I ........... ..... II. -De'.n.. $1624.9 $ 54.5 $261.1 $1523,9 $ 50.3 $277.9
A,r Force 488.1 3.2 38.9 472.7 3.3 34.3
Army 434.9 23.5 41.3 33t.l 20.1 37.7
Navy 409.1 27.8 120.1 401.5 21.1 .1.21,,1...,

r"D! rense,agenc:ies0 ·····212:1' 0" 82:8 3Oi:ii· . 'I ... :~.".
':'~"";":"':'''--:'N.tk:tll.il~,.,OftIIUIIcI;''a:'''SP'I'C'I''''-- A - ·1270;0· ···0:•... "'H nX 1m:' 0.' 17.7A__

E_vr 322.0 '''' 73.1 ... 1&2 .7..._~,- 221.3 .1.2 .7.' 1••' SoU Gol- ••• U 2U .... ..- ....
Tr~ .-., 0•• U A.I 0.7 2.1-......=.,......ProtectIon'AfIiiICJ' ".7 17.5 2.1 .... 11.1 2.7
e-... 31.0 U 1'" .7 1.1 11.2

~ 21.' U • ••1 ... •
0lMn 1••5 U ... 112.1 L. LA

TOTAL Utl7.• '1..0 ...... -.u ..... ....,
'-"AL~ 5,. -2." .,. a,. -.,. .,.
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.....a ...

$1502.0
423.9
344.3
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,U2..I
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lta.3
111.2
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227.4......,.
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1.7
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2,•.8, ..
.:0..1:

0.'
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.l?PLlED RESE6.RCH IN PHYSICAL SCIENCE: Chemical funding down slightly this year
11.7' '1111' ,,,, ,... 1'83

Physic'" Phy~cal Physical Phya6eal Pftyslcal
S MlIllonal

ac~•• ClMmlst..., sclenc•• Chemist..., aclene.. Chernl....., "'_.. Chemilltry "'_.. Chemistry

Energy s 511.6 $ 24.9 S 538.7 $ 37.3 S 808.1 $ 40.8 $ 803.5 S 32.0 s 584.8 S 13.3
Delense 434.8 102.7 415.1 93.4 412.0 88.3 477.2 79.8 582.0 66.3

Army 129.7 71.0 116.4 62.1 124.2 575 77.4 47.2 869 399
Air Force 590 170 60.2 17.3 57.5 16.7 58.6 16.4 54.5 137
Navy 55.6 139 539 13.4 50.7 11.6 69.2 15.9 135.2 123
Defense aeenctes" 190.5 0.8 184.6 0.6 179.6 0.4 272.1 03 285.4 03

National Aeronautics & 81.9 6.0 79.9 6.0 78.3 8.1 25.8 1.9 40.4 1.7
Space Administration

Commerce 34.0 9.8 35.1 10.4 35.2 10.5 38.9 10.5 33.9 9.3
National Bureau of Standards 25.1 85 25.0 8.4 25.3 9.0 28.1 9.3 26.7 8.1
National Oceanic & Atmospheric 8.9 1.3 10.1 2.0 9.9 1.4 8.9 1.3 72 12

Administration

Health & Human Services 28.5 23.0 28.4 24.8 27.3 23.8 24.7 21.3 22.8 19.2
National Institutes of Health 24.6 21 1 26.1 22.4 25.4a 21.8' 23.6 20.3 21.5 18.1
Alcohol. Drug Abuse & Mental 1.9 1.9 2.3 2.2 1.9 1.9 1.1 1.1 1.2 1.1

Health Administration

Agriculture 24.2 22.2 25.8 23.8 28.4 24.4 27.3 25.5 27.8 25.8
Agricultural Research Service 13.9 12.9 12.9 12.0 13.1 12.2 18.9 15.6 18.8 17.2
Cocperanve Stale Research 6.8 6.8 9.3 9.3 9.7 9.7 8.1 8.1 6.7 6.7

Service
Forest Service 3.5 24 3.6 2.5 3.5 2.4 2.4 1.8 23 1 7

Environmental Protection Agency 15.4 14.1 18.1 14.9 15.7 14.5 13.8 12.' 13.9 12.8
Interior 14.5 12.5 18.2 13.' 15.5 13.3 15.7 13.8 5.5 4.4

Geological Survey 14.5 125 16.2 13.9 15.5 13.3 14.9 12.8 4.7 38
National Science Foundation 12.5 3.1 11.3 2.7 11.8 2.9 10.9 3.1 9.4 3.9
Others 3.9 1.3 3.3 1.0 3.8 1.• 5.4 2.4 4.2 1.8

TOTAL 5115'.3 521'.8 51170.0 5221.0 '1230.1 5223.8 51241.0 5203.0 51304.3 5158.1
ANNUAL CHANGE -1% -4% -5% 2% -1% 10% -5% 28% 1% -7%

Hoi.: F,scal years. Esumale(l. b OOhgallons e IncllJdes Defense ....dVanced AeMaretl PrO"" ....~. OIIfettM Nuclear ....9II"'CY. ancJother',~NlIIOnaI SC~ F~tlOn

the level of five years ago
1115 ,,,.

M.l.llurgy" e-aI .............
m.l.rlals Engj~lnQ ........,111. --52609 51488.4 $ 38.4 5180.3

286 4395 3.5 30.3
422 3248 23.5 35.5

121 I 398.4 11.3 53.9
....69..0. ...... 325.·7.... ·· 0'2" ·· ..80:8·

•.. 'lSa· . ......~. ·o.a· "'1"4:2

81.• .3'.0 ".1 11.7
42.7 18•• ' 27.7 27.3
3•.• 111.4 •.5 .2.2

1.5 51.1 1.2 1.1
2.' 37.' 17.' 0
8.' 35.3 1.' •••
0 51.7 ••• 0
0.5 271.7 0.3 0.1

1431.1 $3.2•• 1 '144.5 1341.1
B% 3% 0% 3%

-

"13 '''2
e-aI

__a
.",...... __ a._.. .i1......,... - I'........... .......... 111 • ...........

$1573.9 $ 44.9 $179.3 $1473.3 $39.0 $1593
4193 3.1 38.2 387.3 2.9 351
318.9 29.3 28.4 297.2 24.4 31.7
395.5 11.9 c~9~9c...... c... c3.78.0 .. U.8 .49.3"

'440:2 . ii:e ..... ,,82.8•. z:...•410.8 .. .0.2. ..c"3ool··· ,--,,~..~,~"" ,""

"'t"~i' 1.0 1'.1 771.7 0•• 18.2

«0.2 11.1 .2.. .... 1.1 .1.2
1.2.1 21.$ 2U 121.1 1... B ••

'1•• 0•• 31.1 '7.1 U 32.'
18.1 1.0 U ..., 0.1 1.0

.7.' 1•• 7 3.1 7... B.O 1.2

37.• U 7.1 32.0 .2.0 7.1

5•• 7 •• 2 0 IU U 0

27U 0.1 0 .... 0.1 0

'3517.0 '1".0 S3SU .,.... ....1 lSOt.l
.% "" .,. 1'" 31,. 21%

NI1t 27. '''7 C&EN • J



Industrial support for R&D up only 5 %

• C&EN estimates Source: NafJonal Science Foundalron

8~---~~\

..

4

Outlays for industrial R&D are rising at
slightly faster rate than industrial sales
R&D spending as % of net sales
'0

0'--::l:,....-J'-,I-.-J.,-..!-...-l.......L.....J..--..I-......L-.l:""'-l.-.l--J
1172 73 74 75 7' T7 71 11 10 '1 12 13 14 as ...
• elEN ""m"es. Sou~: NatiOnal Sc.~ FOI.lndltiOn

o .CIlrNnt
••e-nt (1m)
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8 1----------------, ~.".,..'"

With inflation low, chemical companies' !
R&D outlays rise smartly In real terms iI
$ Billions
'0

TOTAL FUNDS FOR INDUSTRIAL R&D: Drug producers continue to set a fast pace

S MUllon. 19S.· 1915 ,,,. lin '"2 ,.., ,... 117' lin 1177
......... d!!np!

,.7. ,IU-" "71-"
• 9.500 • e.e67 • 8.028 • 7.213 • e,85' • 5.e25 • 4.83e • 4.038 • 3.510 • 3.202 • 3.017Chemicals and

allied products

InclUSlTLaJ chemicals

Drugs

Ofher chemicals

Other industries

TOTAL

4.150
4.070

1.280
74.900

'84,400

.3.915 3.512 3.411 3.301 2.802 2.197 1.962 1.798 1.888 1.524
3.548} {1.777 1.517 1.308 1.117 1.091

4.518 3.882 3.358 2.823
'.204 662 559 474 417 401

88.512 83.4U 58.110 51,337 4e.185 3••88. 34.181 211.724 28.823 23.'10
'7'.17' '71.470 '83.403 SS7.lIe .51,110 '44.505 SS'.22' SS3.304 .211••25 .2e.1I7

10% 12%

6
"15 14

6 '2

• 12
e% 12%

==m"'C'OMP7Cv FUNDS FOR INDUSTRIAL R&D: Chemlcallndullry .... about a IIxth of the total......s_
,.u

,_ ,_ I_ 1M' ,- .... .... ..17 .... .... 11N-t1 '1'?f-II

e-.. _
• '.352 I 7.7'7 ....41 I '.m I 5.201 I 4.... I 3,"2 I ',211 I U01 I 2,711 I 2,410 7% 11%-pr-_e:te,_

3.818 3.28. 2.970 2.879 2.393 1.851 1.817 1.473 1.317 1.278 1.173 10 12

Drugs 3.545 3,381 2.937 2,490 2.lle4 I,:} 5
2.078 1.777 1.820 1.47e 1.317 14

O\tler c:hemical. 1,189 1.128 931 8541 741 8
'0thN1ndI ....... 43.344 40.511 31.01' '3,:" .un 211.212 22,01. 1..... ,''' 14,'" lS-on 7 ,.

TOTA&. Sll.... S41.3OI 142,"1 13""2 135.42' 1SO,47' I2I,701S32,111 .1."'" 117,_ 111_ 7,., 1''''

_27.1111C1Bt 11____________________~-- .J
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FEDERAL FUNDS FOR INDUSTRIAL R&D: Of little significance for the chemical Industry
................- 'lIS 1114 1I1S 1112 1111 1110 1171 1871 1111 111. 1,1S 1....-U 1175-85

~"'and • 311 • 232. 441 • 434 • 421 • 372 • 341 • 330 • 215 • 211 • 231 31% 3%
."Ied~._a-1IcaIs 298 223 440 423 409 341 345 325 281 249 218 34 3
Drugs and other 18 9 8 11 12 31 1 5 14 17 18 100 a

chemicals
Ott- Incluolrtes 21.1" 22,'30 20,014 15,04' 15,H1 13.557 12.172 10.... 10.1'0 .255 8_ 14 12

TOTAL '28.414 '23.182 '20.542 '18,483 "8.312 '14.021 '12.518 '11.1" .10._ ...11 S8I05 14% 12%

SoMrcr.NmtoMl Sclenct Foundatkln

R&D BY U.S. COMPANIES ABROAD: Relatively smaD but expanding steadily
.................- ,_

'lIS ,- ,- ,- ,... ,- .... 1171 18T1 "" 1..-11 1t71-1t

CMinlca18 and aIled pra 1Iuet1 .- • 818 • 713 • 732 ..... • 715 .- .500 .311 .332 • 312 10% 11%
Industrial and other chemicals 440 409 383 354 313 287 245 199 151 133 108 8 15
Drugs 480 408 430 378 371 428 357 301 244 199 204 13 8

01..... _ 3100 2131 27.. 2544 2413 217. 2582 2254 1114 1545 1347 1 •
TOTAL 34GOO 13747 $357. 13278 S3OI7 13313 13155 .2754 .2_ .1877 '1'" 7% 9%

• C&EN estlmatell . ..,. Netlonal SCience FCUldlItion

CHEMICAL R&D SPENDING: Slight rise last year I8rgeIy reflects Carbide's majClr d1Yestliiems
11.....0_.. ".- 11.. ,... 1114 ,_ ,au ,.., ,- 1171 1171 1111 1171 .......

AIrPr_ 5 81 5 51 5 44 5 40 5 37 5 32 5 30' 5 24 5 23 5 24 5 19 3.1%
AmerIcan'Cy_ 278 251 232 208 155 188 148 130 108 98 83 7,3
Dow~a1 805 547 507 492 480 40" 31" 289 232 203 188 5.4DII_

1070 1080 lGOO 875 775 647 591 509 481 387 353 9.0
EtII,1 47 47 40 39 39 37 34 29 25 28 25 3.0

W. R. Grac. 94 92 81 73 8.. 57 45 42 37 32 28 2.5
Hercu'" 71 76 72 74 74 65 57 50 ..3 "0 37 2.7

···lntamatlonal',FI.."",·· '39'" "34' ..32·· ' ,32, '··31· ···.. ·30· ··..·29..·· · .. ·27 • ..2..·· · .. ,20· .... 16... ··6.3....·"_.04.. .. "5~' '44 """33 '37 ...... 38·.c .. ·33· ....28 ··..23 ._"~;..,,.,?_,',:_ -·49:"':;,~ ;;,,':47.. ,. ·52··_0
598 470 370 290 264 233 208 181 138 132 114 8.7

N.lco~.1 33 32 32 30 33 30 28 21 17 14 12 4,5
Olin 58 53 52 "9 45 38 31 28 25 25 23 3.3
Pennwatt 45 39 36 33 31 27 24 22 23 21 19 4.1

P••,oIlt. 12 12 12 13 10 8 7 8 5 5 4 4,3
PPGI_ 204 176 150 127 127 119 103 63 70 61 58 4,3
Rohm" H... 133 124 109 100 92 77 67 54 49 45 43 6,4
Union CarIllda" 148 275 265 245 240 207 186 181 158 156 143 2.4

TOTAL 13543 .3403 53087 52757 52543 .2210 51110 51837 51455 51281 51180 5.7%
ANNUAL CHANGE 4% 11% 11% 8% 15% 18% 17% 13% 13% .% 5%

• Figures exclude petroleum and CC*IMgmentI. It onion Garbide divested. subltantilll J*1 of itSbuIineun in 19M: on. pro~ bUls. R&D SC*dnO was S181 million in 1985 and S 178
million in 1984. Sourer.~ lIIta
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Companies whose annual R&D budgets top $100 million do more than 70% of all R&D

Lese_
$10 million

1985 Industry R&D
funds =$78.2 billion

Lese_
$10mHllon 3..

1985 IncIu8triaI chemk:alll
R&D funds =$3.9 billion

LeseI"""
$10 million

1985 chemicals and aHIed
products R&D funds =$8.7 billion

R&D SCIENT:STS :\ND ENGINEERS IN INDUSTRY: Increasing faster for chemicals
4""ualeh.",.

Thousand.· 1986 1985 1984 1983 1982 1981 1980 1117' 1978 ,.77 1878 1185-88 f978-88

Chemicals and 71.3 67.0 67.1 66.0 61.6 54.7 51.4 50.0 48.3 46.4 44.4 6% 5%
allied products
Industrial chemicals 26.8 25.0 26.7 27.2 25.9 21.6 20.9 21.4 21.3 20.6 20.1 7 3
Drugs 33.3 30.7 30.1 28.2 25.6 23.3 21.6 20.8 19.5 17.8 16.6 8 7
Other chemicals 11.2 11.3 10.3 10.6 10.1 9.8 8.9 7.8 7.5 8.0 7.8 -1 4

Other industries
,

509.0 493.2 477.4 458.1 448.2 433.1 399.2 373.9 358.1 336.4 320.0 3 5
TOTAL 560.3 560.2 544.5 522.1 509.6 467.6 450.8 423.9 404.4 362.8 364.4 4% SOlo

Nole: Data as of January ot each year. a Futl-trrne equivalent. Source: National Science Foundation

Chemical companies with 10,000 to 25,000 employees perform more than a third of R&D

Fewer
_5000

9%
Fewer

lhan 5000 5000z::..--~
109999

5000
109999

1985 chemicals and allied
products R&D funds =$8.4 billion·

1985 Industrtal chemicals
R&D funds =$3.8 billion·

1985 Industry R&D
funds =$51.7 billion·

Note: Ranqes ,ndgte ecr-eemee' number olllmployeea ,n 1985 • EltclUdes t&del'al tunding. Source: NlItIonal Saence Founclatkln
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Electrical
equipment

Aircraft and missiles

18%
15
7
if'

m"'5"--
4
4
4
3
2
2
2
1
1

17
10

,. of ............ cMmIIIa ...., ft.: .......u......... La. ..... Ph.D. .... Ph.D.

Machinery

[

Industrial
chemicals 4% A.._-=

Drugs 8%
Other /

chemicals 2%

Chemical and dNg companies provide jobs for 12% of all
industrial scientists and engineers

-
CHEMISTS IN INDUSTRY: Drugs biggest employer

1986 total industrial R&D scientists and engineers'= 580,300

• Full-lime eqUivalent, as 01January 1986. Source: Nalional Science Foundation

• As Of Mlrctl I, 1987; 1O.t.cII4tMe CO...._I,~ ....... tdIuI*t tor~ In~ IengIh of
e.perMll"lCe lor .-:n~.b lndl..Id-.~ '*- proclucta. Soww: ACS ........,

PlIannaceuIIc:a
SpecIally_.

!1!!!!t~!'I!Pl_
···__····-.nsNiilriiillO

Agricultwal chemic."
co.tJnos
EIec!r_
Food_.__.
R_
8Iochemlcal,,50__ detergentsp-
OIM< menuI..:turlng
-.eturtng

.

1~7~.:cn:!:-:.;I;I:--!...:-:!..:-:I.L,-=.L2-::.L3-.1..-•.ls-••

Chemical finns' share of
R&D personnel up in 1986
% of totat industrial R&D scientists and
engineers in the chemical industry.
13.0 'Jo;.

12.5

12.0

11.51---~

11.01--------_---J

• Fufl-Ilmeequlvalenl. as 01January of eeee year
Sou~: NallOnai Scl8flCe FouMallOn

R&D SCIENTISTS AND ENGINEERS PER 1000 EMPLOYEES: At new hIltJ In ctwmIcallndustry.- .- .... .- ..., .- ,Oft 1171 •en 1.7• 11••

Ch."I.__,,- 51 54 54 51 44 42 42 43 42 40 41-- 42 4<1 45 4<1 37 38 38 38 38 38 38
llnIgs 93 88 82 74 88 80 82 65 62 64 590IIw_

38 37 36 36 33 30 27 27 29 28 29AI-, 38 38 35 33 21 27 27 27 27 27 21

---=~SciInc»~

COST PER INDUSTRIAL R&D SCIENTIST OR ENGINEER: More than doubled In past decade.n - .- .- .- .- ..., .- 11.. 1'71 .177 11" '171

Clwicl:..............- 5125.2 511'.1 51ot•• 5104.4 5 H.8 587.4 511.' 572.8 St7.' S88.5 StO.'
_chemlcall 151.1 135.1 126.6 124.3 118.0 103.4 92.8 64.2 79.6 74.7 67.5
llnIgs a 111.2 100.7 a a 79.2 71.4 64.8 59.9 63.4 80.90IIw_

a a a a a 88.5 66;5 61.6 53.6 50.8 43.2AI-, 5137.0 5121.7 511'.' 5112.4 5103.' 5 ,4., 587.4 StO.4 575.8 572;2 Stu
• Hat~ ........~ InCUtId In dwnIctlIIlndlllllld produca. ao.-: NIaoIWSCience FCU'IdItiOn

.. U,21.1887C&EN

•



• Universities& Col1egfis-_

University R&D increased 8 %last year

Nearly two thirds of academic R&D
funding comes from federal government

Industry

Other
nonprofit

institutions

Universities and
colleges

Estimated fiscal 1986 academic
R&D expenditures = S10, 25 billion

More than half of academic R&D is
in the life sciences

Other
sciences

Environmental
sciences

Physical
SCiences

Estimated fiscal 1986 academic
R&D expenditures=Sl0,25 billion

CHARACTER OF UNIVERSITY R&D SPENDING: BasIc research gets two thirds
.,.,..., c!!ancr!s_

t •••• 'os. ,... t ... 1112 ,", '110 tin ,'7" 1177 ,.7. "ISA" t,7'-1I

Ba*r..arch $ 6.900 $6377 $5638 $5269 $4857 $4576 $4026 $36'2 $3176 $2800 $2549 8% 10%
Applied ,_arell 2.760 258()& 237()& 2101 2004 1866 169' 1465 1213 1067 10'5 7 11

lle··1olJmenI 590 517- 495* 437 415 377 343 284 236 200 164 8 14
TOTAL $10.25D $1504 S8503 S7807 S7278 S8818 S8080 S5311 S4825 S4087 $3728 8% 11%
ANNUAL CHANGe 8% ,2% 9% 7% 7% 13% '3% 18% 14% 9% 9%

NaIr. Oeta 'or lnsllMionaJ P1sea1 y..-s, III e&EN "ftmales b ESflmaled. Oased on data from ""'.0 "'7ant1ng IMlrMlOnS only Source: NaIIOl'\aI SCIel"lCll FOI.t1dIItion

SOURCE OF UNIVERSITY R&D FUNDS: Federal share is largest, but It Is failing
Annualch..

S MINIoN ,.... 1915 tlU 1983 1982 191111 t980 ,,79 1978' ,.77 "18 'liS-II T.'I-lIe

F~a' government $ 6.400 $6003 5538B 54960 54752 54562 54096 $3595 53059 $2726 $25'2 7 0/
0 10%

Industry 580 538 458 J;"9 JJ4 291 237 194 170 139 123 8 17

Uni.,erstlJ.. 2.500 2258 2024 '881 '6312 1520 1319 1198 1037 888 8'10 11 12
Other source. 770 704 633 ;a- :;;0 446 409 374 359 314 284 9 10

TOTAL S10.250 $9504 $8503 S7807 $7276 S6819 $6080 $536, $4625 $4067 S3729 8% 11 0/0

5' July 27, 1987 C&.EN
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FIELDS OF UNIVERSITY R&D SPENDING: BIggest growth for computers and math

AH selene.. 5 8,730 is120.5 57288.5 58885.5 58250.2 $5857.8 $5185.4 $4583.0 $4023.8 $3588.5 53287.3
Life 5.510 5138.5 4607.3 4233.0 3972.4 3673.1 3216.9 2832.5 2538.0 2258.8 2101.7
Physical 1.230 1136.6 996.9 898.9 824.3 766.3 677.4 601.9 469.4 423.5 379.4

Physics 600 549.9 470.8 414.4 366.2 357.2 322.2 292.0 235.1 201.7 183.1
Chemistry 435 414.5 371.2 336.0 309.4 285.1 244.0 208.4 183.1 '159.4 140.1

Environmental 755 707.0 649.5 620.5 559.3 550.3 509.1 452.9 379.4 319.4 288.5
Computer 340 277.7 222.7 175.5 149.5 113.1 114.2 97.9 87.4 55.8 44.5
Mathematical 145 129.4' 124.4 108.4 98.9 89.1 78.8 78.5 58.8 52.3 42.5
Others 750 731.3 635.7 659.1 645.8 845.8 599.1 539.3 483.7 458.8 440.7

Engineering 1,520 1383.2 1206.4 1111.3 1025.8 861.0 884.8 788.4 801.1 488.5 431.7
Chemical 115 109.0 96.2 90.8 83.6 83.2 67.6 na na na na
TOTAL 510.250 58503.7 58503.0 57808.8 57278.1 58818.8 $8080.3 55381.4 $4824.7 $4087.0 $3728.0
ANNUALCHANGE 8% 12% 9% '7% 7% 13% 13% 18% 14% 8% 8%

if
:1

8% 10
7 10 t
8 12
9 13
5 12
7 10

22 23
12 13
3 5

10 13
6 na
8% 11%

1178"n1171,...1111,...,..."14$MHIIoN

r------
'" ~

I
I

Note: Data for Institutional fiscal years. a C&EN estimates. b NSF estimates. baSed on data from Ptl,D."1Il'antIngInstItutIonIi only. _ • not avaIa.bfe. Saurcel: NatIonal Science Foundation

FEDERALLY FINANCED R&D SPENDING AT UNIVERSmES: Growth slows In physical science

$5145.0 54808.4 54221.8 $4054.0 53888.3 53500.8 $3088.' S2881.2 '_.4 .2221.3
3138.7 2793.9 2565.3 2494.4 2384.2 2094.0 1818.8 1828.4 1474.0 1380.8

883.3 779.3 698.5 650.0 619.0 554.8 490.7 382.3 338.8 305.4
454.7 387.9 340.0 308.2 308.7 279.9 252.5 188.2 171.9 158.1
308.4 278.9 248.6 231.1 218.8 189.4 156.5 138.0 121.5 107.9
480.7 451.5 427.9 392.2 392.7 372.5 329.2 275.1 238.8 211.8
193.1 161.6 127.8 107.0 93.6 77.0 89.2 41.2 37.5 32.9
96.1 91.3 76.7 72.1 67.9 81.1 80.4 44.1 40.8 32.9

353.1 331.8 325.5 338.4 381.9 341.2 300.8 272.0 258.9 257.4
857.5 778.8 737.8 888.2 882.5 5'5.4 528.4 407.5 338.7 280.5

57.9 54.4 52.1 49.8 55.2 48.1 na na na na
58002.8 55388.0 54858.7 $4752.2 .4581.8 $4088.0 53585.3 $3058.7 '2728.1 .2511.8

11% 9% 4% 4% 11% 14% 18% 12% 8% 10%

5% 8%
5 9
4 12
8 12
4 11
4 9

19 21
20 13

3 4
14 13
12 na
7% 10%

:,0,"

.........
All sciences
. Life

Physical
Physics
Chemistry

Environmental
Computer
Mathematical
Others

Engineering
Chemical
TOTAL
ANNUAL
CHANGE

"...
."$5420

3290
920·
480
320
500
230
115
365
880

65
58400

7%

1185 118. 1183 1••2 1••1 ,... ".. ,.... 1177 1"1
..............

1111-18 1178-88 I;,

Not.: Data tor lnslitutionailiscal years. a C&EN estimates. b NSf estimates, based on data from PtI.D.-granting instltutlone only.M • not ........ SOwce:NatIonaISdence FOIJndlItIon.

84 as •• -82 83117' .077 71

. . . and funding for R&D in chemistry also
forges higher In real terms
$ Millions
500

~,.;f,' v r

81 82 8377 78 79 80

. :J"C;'.:;:.~~....~)..a:.;.:~;.
~fi':.. . ,...;",'

4

6

o L---":.-.....l.........L_.J.........L_..l---l._.l.-;..J;.~.

1976

10

Money for academic R&D, in constant
.dollars, is growing strongly ...

I . I· 8

Note: uata for instilYlionalliscal years. _ C&EN es~males. Source: National SCience Found*lion
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TOP 10 UNIVERSITIES IN R&D SPENDING: 21 % of total goes to top 10 Institutions
...- 1!.....=.:..'laI ur• M....... cu-

• MItttoM. ,... 1'U ..- .,..."...... I,......... ..- ..__
computet 1C1eftc..

.._...
T....

lJ_HopldnaU $ 58.3 $ 4.2 $ 118.8 $ 28.3 $ 99.6 $ 11.1 $ 13.9 $ 318.8
2 M....chu..tt.,nat. Of Tect..lOlogy 10.1 12.4 103.8 12.5 31.1 13.4 11.5 243.0
3 U of Wlaconain, Madllon 23.1 5.2 21.8 11.8 115.8 1.4 21.9 208.4
4 Cornell U 36.2 6.3 30.6 5.2 114.5 6.6 10.1 203.2
5 Stanford U 35.2 1.1 58.3 3.2 83.1 14.1 5.3 199.2
6 U of MlnnelOta 11.2 3.3 18.1 3.1 121.2 3.4 9.1 113.3
1 U of W.IIl'''9lon 11.6 2.0 11.9 18.0 99.8 3.6 18.9 114.0
8 U of Michigan 11.4 2.3 23.0 9.6 19.3 3.1 36.7 163.1
9 U of C.'"o,nla. Berkel.y 31.8 9.9 31.9 2.4 62.6 2.8 18.4 149.9

10 U 0' Camornla. LOl Angel•• 15.5 6.1 18.5 8.8 93.3 1.2 12.4 149.1
TOTAL. TOP 10 INSTITUTIONS $ 305.7 $ 59.4 $ 434.1 $109.4 . $ 901.4 $121.1 S151.1 $2043.0
TOTAL.ALLINSTITUTK>NS $1138.1 $308.4 $1313.2 $707.0 55131.5 $407.1 $131.3 $9503.7

~ Inctl.lCled In I)hyslcal seulnee'. b Includes social sciences. psychology. and other sciences norUsted sepa-ately. SOurce: Nallonal Science Foundlition

Note: AcademIC riseal years.• Exctudfl tl1ocl'lemlstry and g«)Cnemlslry.
Source: National Confer lor EducatIOn Slat.SlIes

CHEMICAL DEGREES:
Doctorates Increase
Ae_
tlte" , •• ......... M.M.... Ph.D.•

DEGREES IN CHEMISTR Y
1918 9.135 1839 1571
1987 9.812 1831 1144
1188 10.841 2014 1151
1981 11.801 2010 1941
1970 11.611 2146 2208
1971 11.183 2284 2160
1972 10.121 2259 1911
1173 10.226 2230 1882
1974 10.525 2138 1828
1115 10.649 2006 1824
1171 11.101 1196 1623
1977 11.322 1175 1511
1971 11.414 1892 1526
1979 11.643 1165 1518

·1110 11.446 1133 1551
1981 11.341 1654 1622
1982 11.062 1151 1122
1113 10.148 1604 1146
1184 10,104 1661 1744
1115 10.482 1119 1189

DEGREES IN CHEMICAL' ENGINEERING

• : ttzlars In cNIIS....,.,

Fewer degrees awarded at undergraduate level
Degrees awarded. thousands

12~~~~10

-::''' ! 0 UNIVERSITY R&D CENTERS: 40% of funding goes to
support won< in physical sciences -- 1111 2848 994 354....- I .......'..... -S MlIItons,11K" 'tIS - L ......... - - T_ 1117 2889 949 305

1188 3211 1156 361
1 Lawrene. LI....mor. L.M S 230.5 S 432.2 S 26.4 S 95.0 S 805.3 1111 3557 1136 409
2 Lot Alal'nCM Natlona' Lab 335.8 233.0 16.9 84.1 104.0 1970 3120 1045 438
3 J., "'__ L.b 72.7 295.2 61.8 238.5 1Ie.2 1171 3815 1100 406
.. Llnc04n L. 50.3" ,.1.2" 0 27.• 284.5 1172 3883 1154 394
5A'_N.'........... 81.3 .1.1.• ,~.. g~~ 2.3... .. gU.? .1.7S .• 3831 .1051.. · H.391 ..

"e<OOkhaiinNeiiOiiaiLaii . 134:7·' ~"~H_ ~'~H .....M .. ... -.J.~.Q;.• H .J!l!H....... ..3.<45.<4 .•1045; ..400.·.•
·;·- .. ··_~f'i:••"'"".·ii«ii...,..Laii~..······· 10:3:. 11.5' 11.1' 5.5' 114.8 1.71 3142 990 348

IF_N_A_alor 151.3 0 0 0 151.3 1.7. 3203 1031 301

L'" 1177 3511 1011 291

9 P1_ ""'_ .... 131.7 0 0 0 131.7 117. 4815 1237 259
1011_ Uno.__ 71.7 0 0 0 79.7 1.71 5155 1149 304

CenMt

,_
1313 1271 284

AI-' 70.2 3.3 45.1 2.4 121.1 1111 1527 1287 300

TOTAL. ALL _IIALLY 11421.' 11.12.4 1202.4 ........ "21.1
Ita 1740 1215 311
1ta 7145 1304 319

'~D IIID ClNTDI
11M 1475 1514 330

116Me:0000taru:i..~... '..... iiid.~UldIdND~........_~......-..c. ... 1111 7141 1544 411--- II~......JlIIItonII~,~
.£-"'Dllicla ., pdO'.' ___e- __

.. ...., 21.1111 CIIN



SCHOOLS SPENDING MOST ON CHEMICAL R&D: More than 20 spent at least $5 million In 1985

"'S
Total '".... - '.....1 111.. 1113 '"2 1'" 11'0 Annu"chanp

,UI ,.... (I thOUUndlil ,- (S IhouMncIlI) '"4-11 llao_.5

1 1 Massachuse«'l"st, of Technology S 13.221 94% S 11.741 S 8.914 S 9.792 S 8.222 S 6.784 13% 14%
2 3 U of Callfo,nia. Berkel.y 10.804 92 7.850 7.945 6.283 8.553 6.022 38 12
3 2 Harvard U 8.663 78 8.3271 . 6.898" 5,512- 6.123· 4,797· 4 13
4 5 Stanford U 8.354 85 6.809 6.375 6.118 5.564 4.788 23 12
5 8 Cornell U 7.962 79 6.710 5.7171 6.239· 4.618 3.808 19 16
6 8 California Inst. 0' Technology 7.605 92 6.446 6.994 6.136 6.901 6.328 18 4
7 12 U 0' Wlscon.ln, Madison 7.350 70 6.076 5.310 4.567 4.122 3.976 21 13
8 9 U of Maryland. College Park 7.289 46 6.324 6,333· 4.718- 3.109 2.766 15 21
9 4 U of California, Los Angele. 7.243 93 7.219 5.496 5.187 4.420 4.159 0 12

10 10 U of illinois. Urbana 7.079 76 6.284 5.886 6.422 5.239 4.261 13 11
Total. first to institutions 85.570 82"·. 73.786 65.868 60.972 54.871 47.669 16 ;,' 12 .

11 16 Pennsylvania Siale U 6.509 90 5.124 4.729 3.564 3.413 2.973 27 17
12 26 U of Colorado 6.360 85 4.134 3.302 3.492 4.047 3.332 54 14
13 11 U of Massachusetts. Amherst 6.291 63 6.137 5.162 4.364 3.230 1.889 3 27
14 13 U of Chicago 6.267 91 5.735 4.798' 4.396 4.139" 3.958· 10 '0
15 15 Purdue U 6.018 90 5.443 4,542 4.459 4,600 3,596 11 11
16 19 re.al A&:MU 5.896 71 4.610 4.963 4,521 4.069 4.097 28 8
17 14 Indiana U 5.820 84 5,642 5.551 5,341 3.637 3,147 3 13
18 17 U 0' Notr. Dame 5,549 92 4.760 4.022 4,020 3,855 3.457 17 10
19 27 Ohio State U 5.422 71 4.104 3,739 2.907 3.227 2.~54 32 15
20 18 ColumbIa U. main division 5.188 87 4,662 4,281 4.700 3,564 4.437 11 3

Total. tfr st 20 Instuunons 144.910 82';'? 124.137 110.957 102.736 92.652 81.209 17 12'"'.,

21 25 Yale U 5.096 90 4,134 3,341 2.875 2,781 2.023 23 20
22 20 Northwestern U 5.062 78 4,557 3,413 3,026 2,995 2,367 11 16
23 21 U of Pennsylvania 5.025 88 4.375 4,982 3,068 3,386 3,688 15 6
24 34 U o. U.ah 4.840 91 3.830 3,638 3.364 3,076 2,811 26 11
25 22 U Of California. San Diego 4.642 87 4.355 3.910 3,894 4,430 4,425:1 7 1
26 23 U of Oregon. main campus 4.640 85 4.255 3.351 2,971 1.389 1.119 9 33
27 7 U of Texas, Austin 4.588 47 6,639 5,938 4.843 4.779 3,970 -31 3
28 31 U of PR.so..,gh 4,580 84 3.965 3.267 2.714 2.039 1,641 16 23
29 29 Johns Hopkin. U 4.466 93 4,030 4,592" 4,721 4,066 4.652 11 -1
30 30 U of Florida 4.380 53 4.024 2.347 2.248 2,302 2,283· 9 14

Totat. 'irsl 30 msntuucns 192,229 81 °'0 168.301 149,738 138.460 123.895 110,188 14°'., 12 <J~

31 28 U of Minnesota 4,167 79 4.087 4.047 4,297 4,260 2.842 2 10
32 36 Princeton U 3.963 76 3,670 3,509 3,062 2.513 2,065 8 14
33 37 U of South Carolina 3,729 75 3,423 2,721 2,463 1,067' 970- 9 31
34 33 a-Mgla Inl'. 01 Technolo9J 3,684 56 3,848 3,401 3.327 3.660 3,655 -4 0
35 40 S'a'o U 0' Ho. York. S'ony _ 3,481 87 3,084 2.607 2,783 2.691 1.966 13 12
36 38 Lohlgh U 3,458 39 3.381 3.684 2.584 1.880 1,086 3 27
37 24 U of Connecticut 3,429 44 4,135 2.720 2.049 1.748 1,300 -17 21
38 44 VI,glnia POly'echnlc 1noI. I 5'.'0 U 3,339 59 2,633 2,208 1,740 1,581 1.812 27 16
39 39 Florida SI.te U 3,276 32 3.137 2.500 2,959 3.012 2,791 4 3
40 HowardU 3,269 91 3,672 2.338 982 1.408 1,287 -11

Total. "rsf 40 institutions 228,022 79°'0 203,329 179.447 182,728 147,533 129.542 12%

I"""

"
'···~·U=44· ;Mlc"'Pn"Slat.:u·",,·- :t2'2'fSll m

••••• 2,881" 2.714 2.413 2.178 1.638 ,2 14
42 41 U01_C.,_. C\I-' H. 3,201 90 2.94$ 2.3'7 2.240 2.018 1.781 9 12
43 32

UoIII__
3.198 90 3.858 3.187 3.123 U88 2.081 -17 9

44 UOlC.-a._ 3,142 97 2.177 1.777 1,881 1.'15 1,318 44 18
45 U 01C-., Santa 1Iartlar. 3.080 8. 2.172 1.102 1,818 1,834 1,434 41 18
.1 U 01 YJrvInla 3,048 71 2.511 2.oet 1.771 1.781 1.203 21 20
.7 ..... IIat.U 2.988 41 2.23' 1,903 1....2 1.272 1.15' 33 21
at UoIW-'on 2.984 118 2.340 2.112 2.271 1.500 1.321 27 17
.1 .0 W.ynoSlal.U 2,013 9. 3,07' 2.145 2.158 2.211 2.'83 -32 -1

50 S,,_U 2.900 52 2.110 2.171 2.... 2.25. 714 37 31
TOlal. first 50 InlUtuttonl 1258,844 71% 122',821 1202.35. S114.,,1 S117.515 Sl44.505 13% 12%
HATlOHAL TOTAL S414,52' 7.% 1371. 182 S33U25 1301.371 1215.520 12.4.454 12% 11%

--0.. Jar..... .. filial ....... E....-.s..~'..... NIiIItI:INI~~
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East and West Coast schools account for 64% of R&D spending In physical sciences

WEST NORTH CENTRAL
$40.3 million .
3.6%

EAST NORTH CENTRAL
$188.1 million
16.7%

NEW ENGLAND
$153.0 million
13.8%

. SOtm1 ATLANTIC
"72.4 million
15.5%

.-:-'

MIDDLEA1tANTtC
;. $170"51""",
15.4~, ~".""",,.

,;,f ...

IIOUNTAIN
....Omnllon
7.5% .

PACIFIC"
$216.4 million
19.5%

WEST SOUTH CENTRAL'
$73.6 million
6.6%

EAST SOUTH CENTRAL
$13.9 million
1.3%

Key to IMp: Using the Middle Atiantlc stalesasanexample, $170.8million, or 15....CMl.~ot all R&DexpendltuTflSlnthephyaical scienc9Sby all Ph.D.-grantlng universities and
colleges are made in this geogtaphicaj area, Note: Data IlJ1I basedon A&D .Jq)efldltu.... of $1.11billion in the physie81 sciences during the 1985fiscal year .
• includes Alaska. Hawaii,and OUtlyIng areas. Source: National8cienc:e Foul"ldallOr'i

GRADUATE SCIENCE STUDENTS: ChemIstIy, biochemistry, chemicaL engineering total 8%
Annu.1 change

.......- ,... ,... ,... '112 '11' 1110 1.7. 1171 1177 1.78 1.75 1'84-85 1'75-15

PIlyllcaloc_ 21.4 28.4 27.7 26.5 25.8 25.4 24.9 24.7 24.8 24.8 24.5 4'l6 2%
Chemistry 17.3 16.6 16.5 15.8 15.2 15.1 14.9 14.8 14.6 '4.4 14.1 4 2
Physics ".3 ".0 10.5 'Q.O 9.9 9.6 9.3 9.2 9.5 9.6 9.6 3 2!,..

,r" "'"'"'"Ol.''iClinC'ii-''''' . '93:8- -..··92:5 91:2 90:7' ..··90;. ""-0'''90;7' '87:5"-0 85:8 ..... 83:3' ..··-77;2 ·73.6· ..., 2 .. ' ·~''''N.'''·''·'''",''''"''

k- ·-'··--lliOCfillmlitij·· --····4:7··..· "4':5'" ····''4:2 -""''''4;,-"", "4:0 ""'4;0'" "''''''3:9'' "'4·;0'" .. ··3,8 •··..3,·7C.• ;···.3.-7·. ...,,4... ..... ".'2-".... _·--_·,,'~--,,-,""'.-·,·'"'=''', ..;c

Enatnoerinll 81.8 88.3 86.4 78.2 74.4 70.1 67.2 84.3 84.4 82.8 64.8 4 4
Chemical 7.0 7.2 7.4 6.9 8.3 5.9 5.4 5.2 5.1 5.' 4.9 -3 4
Metallurgical & 3.8 3.6 3.3 3.0 3.0 2.8 2.7 2.5 2.5 2.3 2.3 6 5

materials
Petroleum 0.8 0.7 0.7 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.3 14 10

Environmental 14.3 14.3 14.3 13.8 13,1 12.8 12.6 12.2 '2.3 11.7 11.0 0_..
Mathematical _ 3'.0 35.4 33.2 30.3 27.1 25.0 22.7 21.5 21.1 21.7 21.3 7 6

comjlUl.. -

Plyc:holotJ -
102.8 104.5 '05.4 '07.3 108.7 108.7 105.6 101.2 100.8 88.8 96.7 -2 0

eoclalecleltcee
TOTAL 371.1 383.5 358.1 346.8 340.0 333.7 320.& 308.8 306.6 218.2 213.8 2% 2%
ANNUAL CHANGE 2% 2%, 3% 2% 2% 4% 3% ,% 3% 1%

NOTE: 0..'- for Ph.D.~ Instltutlonl onlY. Sower. National SCienCeFoundllUOl'l
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