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Ca, N",(CO"h cryS la lli ze, in I he o rl hnrhombi c un il ce ll (f = 4.947( I ) A. /) = I 1.0:)2(2) A. a nd 
(" = 7. 108 ( 1) A al 2S oC wi lh 111'1) formul a weip:ll is in s l' aee·p:rtlup Am 1ll2. Th" , Iru e lu re ha s bee n 
J"( ·delcrm in ed. ("o ITee l,·d. a nd rdined 10 /? ".= 0.02S . /? = 0.020 u s in ~ 684 "o l,,;e rved" x· ray reflec li ons 
f rom a s ill ~ . .d(' ('ry!-' I a l. Corrcc tion s w('r(' m uck ror a bsorption a nd iso l rllpic t'x lin c li o ll . III th e t'x tin c ti o n 
re fin e me nl s, ,. refin e d 10 0.000]7(1) C Ill. The structure cons is ts of Ca,NaC O" laye rs inte rl ea ved with 
Na(CO,,), laye rs . T he Ca ion is coo rdin a led sl ro n ~ l y 10 nin e oxygcns, inc ludi,;g Ihree LO" edges, wilh 
Ca .. . 0 di s lalHTs vary in g from 2.40 1(2) ;\ In 2.S76(2) A. One Na io n is cuurd in a lcd s l ronp:ly 10 e ighl 
oxyp:cns , In c lud ing 111'0 CO" e dges. wilh Na ... ° rii s la n.ops from 2 .429(2) A 102.605(1) A. Th e 01 he r Na 
io n i, coo rdi na l(' c1 s lrun ;;!y In s ix ox y~en , . incili di np: on e CO" edp:e . a l 2.296( 1) A 10 2.414 A. a nd wea kly 
10 a sevenlh a l 3.050(3) A. One CO" P: r<lUI' is coordinaledlo se ve n ca l ion s . Ihe ol hc r is coord in a led 10 
( ' i ~ hl. Th t' CO:1 grnup ~ havl' s l'(, Jllill ~ l y max imi zed the ir ('dge =-- har ing with Ca inns ra tla'r tha n Na io ns. 

~ ('y words : Ca lci um ~odilllll ca rbonat( ': c r ys ta l :-; trtl C' tul"(': shortit e: sin :,rk -(' r ys l a l x-ray diffrac ti on, 

1. Introduction 

As pa rt of a progra m of s tudi es [1 , 2J I 10 ob tain pre­
cisc Slru c tura l param e le rs on calc ium ca rbona tes, 
ca lc ium carbo na tc hyd r ates, ca lc iu m phosp hal es, a nd 
re la led co mpound s, we have re in ves ti ga ted Ih e crys tal 
s tru c ture of Ca~Na~(CO:lh, whi ch exis ts in nature as 
th e min e ral sho rtit e. Th e s tru c lura l fealures in these 
co mpo und s are import ant in the co ns id e ration of pos ­
sib le e pitax ial, sy ntaxial , a nd s ubs titu tional so lid solu­
tion . re la li onsh i ps in I he majo r ino rgan ic phases found 
in VI VO. 

S ho rlil e was firs t found [3] in a mat ri x of montmoril­
lonite clay whi c h also contai ns pyrite (FeS~), calcit e 
(CaCO:1) , and a ca rbonate of magnes ium in c rys tals 
which were too s mall to be ide ntifi ed. Massive de posi ts 
of the commerciall y important mineral trona (Na~CO:l . 
NaHCO:1 · I-I~ O) a re a lso found in th e vicinity. A c rystal 
structure for s hort ite has bee n reported by Wickman 
[4], who s ugges ted ato mi c positi ons on th e bas is of 
refrac ti ve indi ces, spati al co nside ra ti ons, a nd the 
intensiti es o f th e OkL re fl ect ions . Wc found thi s s tru c­
ture to co ntain one in co rrec l feature . Th e co rrec ted 
s tru cture of shorlil e is re port ed here. 

2. Data Collection and Structure Refinement 

The crys ta l used in th e data co llec ti on is a n app roxi­
male s phere, radiu s 0.112(4) mm , ground from a s hortite 
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fr agme nt from mine ral sa mple 105807, Nat ional 
Muse um of Na tural Hi s to ry, Sm ithso ni an In s tituLion , 
Was hin gton , D.C. (sa mple s uppli ed by J. S. White, Jr. ). 
Th e sp he re was mounted on Ih e go nio me te r head in 
ou r usua l way r2]. 

formu la (ideal): Ca~ Na~ (C0 1h 
cell: orth orhombic 

a, = 4.947(1) A 
b = 11.032(2) A 
c = 7.108(1) A 

vo lum e = 387.9 A.:l 
s pace-grou p A mm2; 
ce ll co nte nts 2[Ca~Na2(C03h ] 
rec iprocal lattice ext in ct ions : k + l = 2n + l for 

hkL ; 
calcula ted density 2.620 g' cm -:l; 
observed density 2.629 g ' c m- 3 [3]. 

Th e proced ure given in reference [2] was followed 
in th e collec tion a nd process in g of data with th e follow­
ing exceptions. The &--28 scans were carri ed out a t 
2°/ min. Eac h background was co unted for 20 s. 1659 
reflec tio ns we re co llected from the Ilkl a nd hkL octants 
and were me rged in to a uniqu e set of 711 , of which 
684 a re "observed" and 27 are " unobserved ." The 
R fac tur be twee n observed equivalent reAec ti ons was 
0.01 . No abso rpti on co rrec tion s were made because 
th e maximum e rror in an inte nsity due to absorption 
is 0.8 pe rce nt. For Ca~Na~(CO:lh, f-t (Mo) = 15.7 cm ~ l. 
The Picke r ~ hardware dropped the leas t s ignifi cant 

"! Certai n cOlllmerc ial ('quipmt'llt. ins trumen ts . or ·mate rial s a rc ide nti fied in thi s p ape r 
i ~l or.der to spec ify the experimen tal procedure adequa tely. In no case ri oes s uc h ide nt iftca­
tilin Imply recom menda t ion 01" endorsf' me nt b y the Nat ional Bureau of S ta ndards . nor does 
it imply tha t th e mat e ria l or eq uipme nt ide ntified is necessarily th e best avai lab le fo r the 
pu rpose. 



digit during the data collection so that the standard 
deviations from counting s tatistics, and co nsequently 
our assessment of wheth er a given reAection is ob­
se rved or unobserved, is only marginally correct. This 
affects very few reAections in the prese nt case because · 
the sample scattered strongly and nearly all re Aections 
were unequivocally "observed" (modified hardware 
was used in later investigations). rr(F) was define d as 
F/lO for F < 10; 1 for 10 < F < 43; andF/43 for F > 43, 
where Fmax was 211; weight s in the leas t-squares re­
fin ements were 1/rr2 . Wickman's structure [4] for 
Ca2Na2(C03h would not refi ne to a residual, Rw , 

below 0.3. Examinat ion of the Patterson function and 
an Fo electron density Fouri er synthesis phased from 
structure factor calculations using th e positions of 
the Ca and Na ions suggested new positions for the 
C(1) and 0(1) atoms . This s tructure was refined iso­
tropically to Rw = 0.056, R = 0.050, and anisotropically 
to Rw = 0_030 , R = 0.023 and then to R w= 0_025, 
R = 0.020 wilh refinement on the isotropic extinction 
parameter, r, in additi on to the previously varied 
parameters. The leas t-squares program RFINE written 
by Finger [5] was used. Only observed reAections were 
used in these xefinements . The scattering factors for 
th e neutral atoms were tak en from Cromer and Mann 
[6]. No corrections for anomalous dis persion were 
made_ The fina l value of r is 0.00017(1) c m where 
F2 = F~nc (l + ,BrJF uncl 2 ) t /2 and F unc is the structure 
factor uncorrec ted for extinction. The notation is that 
of Zachariasen [7]; here r may be related to the aver­
age domain size if th e crystal is of type II where the 
extinction is assumed to be governed by spherical 
domains. The z coordinate of Ca was set equal to zero 
to define the origin along c. In the final cycle , the aver­
age shift/error was 0.01 and the standard deviation of 
an observation of unit we ight, 

was 0.45. 
The high est peaks in an electron density difference 

synthesis calculated at R = 0.03 corresponded to about 
0.1 of an electron. The largest correlation coefficients 
are 0.42- 0.44 between the scale fac tor and the B 11 , 

8 22 , and B 33 temperature factors of Ca and 0.64 be-

tween the extinction parameter and the scale fac tor. 
All other correlation coefficients are less th an 0.28. 

The atomic parameters are given in table 1. All 
atoms but 0(2) lie in speciaJ positions; the Wyckoff 
symbol and symmetry of these positions are given in 
table 1. The observed and calculated structure factors , 
uncorrected for extinction, are given in tabl e 2. 

3. Description of the Structure 

The structure of CatNa2(C03)3 is shown in figures 
1 and 2. There are Ca2NaC03 layers at x = 0.5 and 
Na(CO:;h layers at x = O. The COa group containing 
C(2) , 0(3), 0(4), and 0(4') lies on the mirror at x = 0.5 
and is a member simultaneously of three ca tion-anion 
chains in which cations are coordinated to edges and 
opposite apexes of the C03 group. One CaC03 chain 
runs parallel to [011], one runs parallel to [OIl], and 
one NaC03 chain runs paralle l to [001]. Similar cation­
anion chains are present in the barytocalc ite phase of 
BaCa(C03h [8]. The bonding of the apex of the CO:) 
group in the NaCO:) chain to Na is wea k, however. The 
C03 group containing C(l), 0(1),0(2), and 0(2'), which 
is onJh e mirror at x=O and has its plane parallel to (011) 
or (011), forms N aC03 chains like those cation-anion 
chains at x = 0.5. The two oxygens 0(2) and 0(2 '), 
which lie above and below the mirror, provide bonding 
with cations in neighboring Ca2Na(CO:)) layers. Each 
Na at x= 0 is common to two chains. The COa groups 
have seemingly oriented themselves to maximize edge 
coordination to Ca; each C03 group is bonded edge­
wise to two Ca ions and one Na ion. Preferential edge 
coordination of CO:; to Ca is in accord with Ca exerting 
the largest electrostatic attraction on the CO:3 group 
and is consistent with th e Ca coordinations in CaC03 • 

6H20 [1], CaNa2(C03h . 5H20 [9] , and CaNa2(C03)2' 
2H20 [9]. 

Th ere is a void in the structure centered at about 
0, 0.5 , 0.8 (figs. 1 and 2). If the ionic radius of the 
oxygen in the CO:) grgups is assumed to be 1.4 A, this 
void is about 2.2-2.5 A in diame ter. Because it has both 
cations and anions in its surface, it is unlikely that it 
would be occupied, exce pt perhaps by an inert gas 
atom. 

TABLE 1. Atornic parameters of Ca,Na'(C03 h 

Atoms (0) x y z 8 * 11 8" 8"" 8 " 8,,, 8", 

Ca e, fII, 4 0.5 0.21659(4) 0.0 0.65( I ) 0.43 (l) 0.53(1 ) .. ... ..... . .. ...... .... . ... . ... - 0.01(1) 
Na(l) (/ , 111m, 2 0.0 0.0 0.9263 (3) 1.27(6) 0.97(5) 1.54(6) ......... ..... .. .... .............. ................ 
Na(2) Ii , 1I11ll, 2 0.5 0.0 0.6122(3) 1.15(5) 0.69(5) 1.15 (5) . . . . . . . . .. . . . . . ..... .... . .. . ... ......... . .. . . . 
C( l) d , m, 4 0.0 0.2961 (2) 01697(3) 0.57(6) 0.34 (7) 0.64(5) ............. .. .. . . . . . . . . .. . . . . . - 0.04(5) 
0(1) d. m , 4 0.0 0.1 935 (2) 0.0742(3) 1.03(6) 1. 35(7) 1.44(7) ........ ....... ... . ... .. ...... - 0.31(6) 
0(2) j~ 1, 3 0.2261 (3) 0.3456(1 ) 0.2152(2) 0.59(4) 1.02(4) 1.03 (4) - 0.19(3) - 0.04(3) - 0.02(3) 
C(2) b l mm, 2 0.5 0.0 0.2253(5) 1.1(1) 0.58(3) 0.64(9) ................ ............... . . ............... 
0(3) b, 111111, 2 0.5 0.0 0.0415(4) 1.7 ( 1) 0.60(7) 0.6 1 (7) . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .............. 
0(4) e, 111 , 4 0.5 0.1013(2) 0.311 I (3) 2.10(7) 0.57(5) 0.99(6) ........ ....... ...... . .. ........ -0.23(5) 

Figures in parentheses are standard e rrors in last significant figure quoted , a nd were co mputed in the final cycle of full-matr ix least­
squares re fin ement. 

" Wyckoff sy mbol, sit e SYllImetry, and multiplicity of sit e in space·group Alllm2. 
'Thermal parameters ha ve th e form exp (- 1/4 ((f *" 8 "I!' + b*'8,,1, , + c"' 8;"d' + 2a *h' 8 "I!k + 2(1 *c ';B,,,h/ + 2b*c* 8 ,jel» . 
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F'GURE 2. As in Jigure I but viewed along c. 

3 .1. The Calcium Ion Environment 

The Ca ion lies on a mirror plane at x = 0.5. Its 
environment is shown in figure 3 and summarized in 
table 3. The coordination co ntains three CO~ edges, 
0(1', 2[) , 0(1 , 2) and 0(3 , 4), and three C0:1 apexes, 
0(2"), 0(2"') and 0(4'). T he Ca . . . 0 di stances 
indicate strong ionic bondin g from Ca to all these 
oxygen atoms and are in the normal range. Strong 
coordination to nine ne ighboring oxygens is rare for 
Ca and is poss ible here because of the small 0 ... 0 
se paration (~ 2.2 A) in th e edge of th e CO:1 group. A 
large coordinat ion numbe r for Ca is favored by the 
Ca . .. 0 interac tion be in g the s tronges t electro-

TABLE 3. The calcium environment in Ca2Na2(CO:1h 

Ca. 0 (4) 
Ca. 0 (3) 

Atom s 

Ca. 0 (2, 2'. 2" . 2" ') 
Ca, 0(1 , I') 
Ca.0(4') 

Dis ta nce 

A 
2.401(2) 
2.4 110) 
2.508( 1) 
2.543(1) 
2.576(2) 

In a ll tab les of interatomi c di stance s a nd anf! les . 'he quantiti e s in 
pa re nthe se s a re s ta nd ard e 'Tor, in the las t s if( nifi c a nt f i ~ uf'{ ' and 
we re com put e d from the sta ncl ard error, ill th e atom ic pos itional 
param ete rs a nd in the ce ll paramet er s. Th ey in c lu de c;o ntrihution s 
frum th e va ri a nce co-variance ma tri x. Th e atom la be ls refer to a tom s 
in Il f!ure 3. 

s tatic attraction in the crys tal. The Ca ions are about 
4 A apart in the structure; the shortes t Ca ... Na 
di stance, with associated weaker electros tatic repul­
sion than Ca . . . Ca, is about 3.5 A. 

3.2. The Na Ion Environments 

There are two crys tallographically di s tinc t Na ions in 
the c rystal s tructure. N a(2) a nd Ca li e in th e same plane 
perpe ndi c ular to [100]. Na(l) lies halfway be tween the 
planes co ntaining Na(2) a nd Ca. Both Na ions li e at the 
intersectio ns of mirror p lanes . 

Na(l) is coord inated (fig. 3 and table 4) to eight oxy­
ge n atoms , of which 0(2[11, 2[V) and 0(2 V, 2V') are C03 

edges. All the Na(l) ... 0 di s tan ces are withi n th e 
normal ran ge and indi cate s trong ioni c bonding. The co­
ordin ation is similar to tha t of (i) the Ca ion CaNa2(CO:1h ' 
5H20 [9], where the oxyge ns not in shared edges are 
in water molecules, and (ii ) th e Ca(l) ion in Ca,,­
(P04 )2SiO" [10]. 

TABLE 4_ 

Atom s 

Na(l). 0(1. I') 
Na i l ). 0(2"'. 2". 2'. 2"') 
Na(1). 0 (3.3') 

Na(2 ). 0 (2" . 2" '. 2" . 2''') 
Na(2). 0(4. 4') 
.'-J a(2). 0 13) 

T he a tom la bels refe r to atom s in ~gure 3. 

Di s ta nce 

A 
2.429(2) 
2.5:10(2) 
2.60.1 ( I ) 

2.296( I ) 
2.414 (.')) 
:~ .0.50 (3 ) 

F[G URE 3 . The Ca and Na environments in Ca, Na, (CO"},, . 
The pri mes refer 10 atoms in tables 3 and 4. 
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Na(2) is bonded s tron gly to s ix oxyge n atom s (tab le 4) 
essentially arranged in a s quare pyra m id with a C O:l 
s hare d edge 0(4,41) ce ntered about the apex pos it ion 
(fig. 3). Th e e nvironme nt o f Na(2) is co mple ted by 
0 (3), whi c h is, however , 3 .050 A away a nd thus bonded 
re lative ly weakly to Na(2). The geo me try of s trong co­
ordination for Na(2) is like that of Na(2) in Nat C0 3 • H2 0 
[11]. 

3.3 The CO:l Groups and Thei r Environments 

The dim e ns ion s of the CO:1 groups are given in 
table 5. The C(I) CO:l group is nearly trigonal with an 
a ve rage C - 0 di s tan ce o f 1.282 A; th e C(2) CO:l 
group appears to be s ignifi cant ly non-trigona l, but with 
an average C - 0 di s tan ce of 1.283 A. The average 
C - 0 di s ta nces co mpare we ll with 1.283(2) A in ca lcite 
(CaC03) [I2J, 1.285 A in aragonite (CaC03) [2J, 1.286 A 
in Na2C03· H 20 Ill], 1.288 A in CaNaz (C O oh . 5HzQ 
[9], 1.286 A in CaNaz (CO:J}2 ' 2HzO [9J , and 1.286 A 
in CaCO:l · 6HzO [IJ. A ll th ese di s tan ces are un cor­
rec ted for therm al motion . 

The e nvironm e nt s of th e CO l groups are s hown in 
fi gure 4 and are s umm arized in tabl e 5. All three edges 
of both CO:1 groups are coord inated , in bo th cases to 
two Ca ions and one Na io n in th e sa me pl ane as th e 
COl gro up . All oxyge n atom s a re furth e r coo rdinated: 
0 (1) to Na( l ) in th e plan e of the C(I ) C O l group , 0 (2) 
to Ca and Na(2) both out of thi s pl ane, 0(4) to Ca(1) in 
th e plane of th e C(2) C O:l g roup , a nd 0 (3) to two Na( I ) 
ions whi c h are both out of thi s pla ne. Edge coordin a tion 
of 0(3, 4) a nd 0(3 , 41) to Ca is expected to dec rease th e 
0 (3)- C(2)- 0 (4) a nd 0(3)- C(2)- O(4l) a ngles in accord 
with P a u lin g's rule becau se the 0 (4. 41) edge of th e 
same CO:l group is coordinated with weake r electro­
s ta ti c for ce to Na(2). Thi s is in accord with th e obse rved 
O- C- O an gles of 118.7(2t for th e Ca coordinated 
edges a nd 122.7(4t, for the Na coordin ated edge. 
Similar e ffec ts would be e xpec ted in the o th er CO:l 
gro up , whe re 0(1 , 2) and 0(1 , 21) are coordinated to 
Ca and 0 (2 . 21) is coordinated to Na. He re th e angles, 
119.6(1) for th e Ca coordinated edges and 120.9(2) for 
th e Na coo rdin a ted edge are in the right direc tions 
from 120°, bu t are more nearly equal, which s ugges ts 
that the e ffec t is more complex th an thi s simple rea­
soning. Th e ave rage of the di s tances Ca 0 (3) and 
Ca ... 0 (4) is 2 .493 A; that of th e Ca . . . 0(1) and 

TABLE 5. The Carbonate Anions and Their Environ­
ments CazNaz(CO:lh 

Atom s Disl a nee. A. 
or anglp deg. 

C(1 ). 00 ) 1.273(3) 'J.. 
C(I ). 0(2. 2') 1.286(2) 
OIl). 0 (2. 2') 2.211(2) 
0 (2).0(2') 2.238(2) 
O( I J. CO). 0 (2 . 2' ) 11 96(lJo 
0 (2). C(l ). 0 (2') 120.9(2) 

C(2).0(3) l.306(4)'J.. 
C(2) . 0 (4. 4' ) 1.273(3) 
C(3). 0 (4. 4') 2.218(3) 
0(4).0(4' ) 2.235(4) 
0 (3). C(2). 0 14. 4') 118.7(2)° 
0 (4). C(2). 0(4' ) 122.7(3) 

O(l). Na( I ') 2.429(2) A 
0(1 ). Ca. Ca' 2.54:3I lJ 

0 (2). Na(2) 2.296( I ) 
0(2). Ca" 2.508(1) 
0(2). Ca'" 2.508(1) 
0(2). Na(l) 2.530(2) 
0(2).012") 2.709(2) 

0(3). Ca 2.411(1 ) 
0(3). Ca" 2.4 11 (I ) 
0(3). Na( I ). ail' ) 2.605(1) 
0(3). ' a(2) 3.050(3) 

0(4). Ca" 2.401 (2) 
0(4). l a(2) 2.4 14(3) 
0 (4). Ca 2.576(2) 

The a lo m labe ls rd"r III atom s in fi p:Llre 4. 

C a . 0 . 0 (2) di s tan ces is 2.526 A. Th e diffe re nce of 
0.03 A be tween th ese ave rage values may account for 
part of tr e differe nce in angles of the C0 3 groups be­
cause 0 (3) and 0 (4) are bonded more s trongly to Ca 
and th e 0(3), C(2), 0 (4) angle would the n be expec ted 
to be decreased more tha n the 0 (1), C(1), 0(2) angle . 

In th e abse nce of hydroge n bo ndin g, th e oxyge ns co­
ordinated mos t s trongly to cati ons may be ex pected to 
have th e lon ges t C - 0 bonds. Th is is qualitatively the 
case . Similar e ffects have bee n observed in NaZC03 ' 

H 20 [11] , CaNa2(C03k5H20 and CaNa2(CO:1h-2H20 

FI GU RE 4. Th e environments a/the CO,,'gro ups in Ca,Na,(C O,,}.,. 
The primes re fer ro atoms in table 5. 

133 



_ [9] and in the P04 groups in Ca7M~J(Ca" Mg)z(P04 )12 
[13]. In the C(I) C03 group in Ca2Na2(C03h, the bond 
di stance C(I) - 0(2) and th e symmetri cally equivale nt 
di stance C(I) - 0(21) are slightly longer thC\n C(I) - 0(1). 
0(2) is coordinated to two Ca ions and two Na ions; 
0(1) is coordinated to one Ca ion and one Na ion. In the 
C(2) C03 group, C(2) - 0 (3) is appreciably longer than 
th e two equivalent di s ta nces C(2)-0(4) and C(2)-
0(41). 0(3) is coordinated to two Ca ions and two Na 
ions; 0 (4) is coordinated to two Ca ions and one Na 
ion. The diffe rences in the coo rdinations of 0 (3) and 
0(4) here do not appear large enough to explain the 
0.035 A differepce in C - 0 bond length s. The dif­
ference, 0.020 A, in th e bond lengths C(I)-0(2) and 
C(2)-0(3), may be partly explained by th e fac t that 
while the C(I) C03 group has two longer bonds, the 
C(2) C03 group has only one, which may the refore be 
expected to have approximately twi ce the extens ion 
due to the cation field that th e C(l) - 0 (2) bonds have. 

The C(I) atom in the C(l) C03 group is 0.012(3) A 
out of the plane defin ed by the 0(1), 0(2), and 0 (21) 
atoms. This may be a result of perturbation of the Sp2 

hybridization of the oxygen atoms by neighboring cat­
ions. Th e C(2) C03 group is planar by symmetry. 

4. Discussion 

The pos itions given by Wickman, (0.0, 0.226, 0.743) 
for C(I), (0.0 , 0.325, 0.850) for 0 (1), and (0.230, 0.177 , 
0.690) for 0(2), which are 0.57 , 1.98, and 0.31 A, respec­
tively , from the positions given here, show that in hi s 
s tructure the C(1)03 group has bee n reflected along c 
through th e plane z = 0.75, so that 00) then juts out 
into the void instead of be in g on the void surface. The 
inte ratomic distances are reasonable in Wickman's 
structure and the 0 ... 0 re pulsions are therefore 
approximately the same in the two models. In the 
structure re ported here, however , 0(1) is able to form 
stronger bonds to th e two Ca ion s above and below it 
along a, and to Na( I ) in the same planr parallel to 
(100); thi s is probably the fac tor governin g the orienta­
tion of th e CO:) group. The calculation of refractive 
indices in the way originally given by Bragg [14] 
assumes that only oxyge n atoms have optical anisotropy 
and ignores all interatomic interactions. Thus, Wick­
man , following this procedure, was able to obtain 
qualitative agreement between observed and calcu­
lated values using a model in which th e orientation of 
the C(I) C03 group relative to the (001) plane was 
~ 35° instead of - 31 ° 42'. The average orientations of 
C(I ) C03 groups in the unit cell are about the same for 
the two models when one takes into account the sym ­
metry operations. This agreement can be seen from 
table 6 , which compares the observed indices with th e 
values calculated for the two models using Bragg's 
procedure. A much more suit able test of these models, 
which would produce better quantitative' agreement 
with the observed values, would require cons ideration 
of dipole-dipole couplin g terms and optiC'll ani sotropy 
of all atoms, especially Na, rather than just oxygens 
[15 , 16]. As a further refinement, the dependence of 

the atomic optical anisotropy on the e nvironme nt 
s hould be in corporated. 

TABLE 6. R efractive indices for shortite 

Wick- Ori e nta-
Observed man 's Here lion 

mod e l 

1.531 1_ 515 1.502 c 
1. 555 1.545 1.541 a 
1.570 1.555 ] .554 Ii 

J. S. Bowen collec ted the diffrac tometer data; P. B. 
Kingsbury used the ORTEP program of C. K. John son , 
Oak Ridge National Laboratory, to draw the fi gures. 
Thi s inves ti gation was s upported in part by research 
grant DE- 00572 to th e American De ntal Association 
from the National In stitute of Dental Research and is 
part of th e dental research program condu cted by the 
Nation al Bureau of S tanda rds, in coo peration with the 
American Dental Association; the United States Army 
Me di cal Research and De velopment Command ; the 
De nta) Sciences Divi sion of the School of Aerospace 
Medicine, USAF; th e Nationa) Ins titute of Dental 
Research; and the Veterans Administration. 
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Selected Abstracts 

Be rge r , M. J ., Se ltze r , S. M., Bl'emss t" a hlun~ a nd pho t o n e ut" o n s 
f,.o m th ic k tun gs te n a n d tan t a lu m tat'ge t s, Ph ),s . Rev. C, 2, 
No. 1, 61 ' -6.~ ' (A II !!lIs l 1970). 

Key wo rd s: Bre mss l ra h lun i(: bre mss l rah l un g effi c ie ncy: Yl o nl e 
Ca rl o: pholo n neul ro n : radi a l io n I ra nspo rl : I hic k la ri(cts. 

Mo nl e Ca rl o ca lc ul a l io ns have bee n ma d e of el cc lron -p holo n cas­
cades in Ihi c k lungs le nl a ri(e ls bo mba rd ed by e lecl ro ns wilh t' ne rg ie" 
up In 60 .Vle \' . TIlt' foll ow ing information has becn obla incd: I I ) Ih e 
bre mss traldung dT-ic ic ncy . (2) Ihe a ngu la r d is lribuliOIl o f Ihe c milled 
bre mss tra h lun g inl cns il y. (3) Ih c s peC lra of Ih c b rc msslra hlun g 
c mill cd in va rio us dircc lions. (4) Ihe Ira ns miss io n of prima ry a nd 
second a ry e lec tro ns Ihrough Ih e large l , (5) e ne rgy depositio n as 
func l ion of Ihc depth in thc la rge l. (6) Ih e diffe re n l ia l pholon Irac k· 
lengl h d is tribuli on ins idc Ih c large l. a nd (7) Ih e yie ld of ph .. loneu­
tra ns. Th e paper also in c ludc s va ri ous co mpa ri so ns with ex pcr imenla l 
d a ta. 

Bloc k. S .. Weir. C. I~ .. Pil'rm a rini. C. J .. 1'0 ly mo l'l, hi s I11 in lJ(' n ­
ze n e, n all lha lt.'Il(" a n d a nth l'ac'enp at hi ~h p l 'eSS lIl 'e . Science 
169, ,586- ,51l7 IAII!!IISI 7, 1970). 

Kcy words: Ani hrace nc: Iwnzelle: hi gll· pn·ss ure: naphl ha lene: 
po lymo rph is m. 

I li p; h-pr(' sS lI rt' opli('al obse rva ti o ns lI sinp: a ll1i c ro~('() p f' with th e 
di amo nd -a nvi l press ure ce ll have (I ) co nfi rm ed Iha l Ih('l'e is a Iran"i­
lion ill lI a phlha l(, lI c a nd no Ir ipl e po inl III SOOo± IS °e. 12) "ho\\ n 
that there i ~ a ('(l ITl's pondill f!; hi ~h - prcss urc tra ns iti oll in a nth nHT IH' 
a nd no tri p l", poi nl 10 5500 ± 15°. (3) s hown Ih al a second revcrs ibl e 
lii gh-pre"s ure form of ben ze ne ex is ts willi " tri p le po inl Iliquid -II · I II ) 
al 5900 ± ISO a nd ap proxim ale ly 40 kbar,. an d (4) d e mlln ,l raled lli a l. 
al ap prox im a tel y 500° fo r a lllhracen e. 5S0° for na phll",le ne a nd 
600° for b", nzent' I II. Ill ese male ri a ls Ira n"form irrever" ibl y to dee p 
r e ddi s li ' "ra ng(' cII I"n ·d produ CI ,. \I hi ch h ave' nol ye l h ('e ll 
cha rac lerized . 

Bowen . R. I .. . C "vs ta lli ne d im c tIH,c "ylat(' 1110 n omers,./. Dell lal 
Res . 49, No.4 , llio- Il I S (./uiy-Au[: lIs l 19 iO). 

Key word s: Dinwlh acry la l(' s : Ilwrm osell inp: monon1l' r,: le rn a l'y 
eutecli c: lIrifi ea lion nH' lhod" r", ins fo r cOl1lpo, iles: phth a la le 
1l1()nOIl1 (' r s: h i oll l a t (' ri a l ~, 

C Nlain d imel hac ryla lc 11l0nomNS ca n he pre pared and purificd by 
rec rys ta lli za ti o n. Upon mi xing. Ihe c rys ta ls liquify by form in g a 
te rn ar y ('ulectic . The color less oil y liqui d is , uil a blc fo r usc in 
comp()~ it (' formul a! iOIl ~ , 

Ens ign . T. c. . C ha ng. Te-T se. Kahn. A. II. . Hype " fine a n d I1l1elea.· 
qllad""I'o le intc "aC'lions in c Ol'pe "-dope d TiO" l' /n's. Nel'. 
188 , No.1, im 70() IDee. III , 1()69). 

Key words: Co pper : E:P H: !!. fac lo rs: hypnfin e inl e rac lion : quad­
rupole ('o llplin g: rllti le: titaniulll diox id l'. 

S in gle c rysla ls of TiO,:C u'> have been in vesl iga led a l 20 K using 
I he tcc hni qu(' of ('1l'(' 1 rOil parama~ll(' t if' reso nance. Th e- major 
fea lurt 's of il l(' EI) H s pecl ra ca n 1)(' a llribuled III di va lenl coppe r 
(3d") in su bSlil u li li ll a l ITi ") s il (·s . Info rm a lio n ha" bcc n gai ned 
a houl bOlh iSlilopcs III' co ppe r a nd a boul Ihe in le rac lion s whi c h con-

I ce rn Ihi s ion . For Ihe s lIbSl ilu liona l si ll' Ihe s pi n Ham ilt o nia n pa-

ral1l e le rs in th e S= 1/2 , 1= 3/2 ma llifo ld a rc: [:.,. = 2. 109. !!,, = 2.094. 
[::= 2.346, A~I =+ IS.7 x 10- 1 em- I. A:;"=+ 27.2X 10- 4 c m I. 
A~'=- 87.5 X 10- 1 c m- I. " ';:' =+ 18.8 x 10- 1 ~' Ill I. A~;'-> =+ :Z8.7 X 10 I 
c m- I.A~-' =- 93.7 X 10- 1 e m- I.p,,. =- 2.S6 X 10 I. P,, =- 2.37 X 10 I. 
1' ,=+ 4.9:3 X ] 0- 4 c m- I. The magnit udes and re la live s ii( ns of Ih ese 
pa ra me te rs have been de lerm in ed expe ri me nl a ll y whil e II Ie a bso lul e 
;; ip:n s hav ,' bee n w ed ic lt'd Ih eorc li ca ll y fmm a mode l whic h g ives a 
eon" is lt'nl pic ture "I' Ih !" order ing o f Ih .. d" ekcl ron ic s la les. In 
a ddil io n. I he I heore l ica l I rca lmcl1l gi ves a sa l is fac lo ry es l i ma l e o f P. 
Depa rt ure from tc lrago nali t y wa s taken in to accou n t. Tht, ('ova l( ' IH'Y 
para nwl n 0" wh ic h m eas urcs Ih (· fraclion of Ih .. hole wave fun c lion 
o n Ihe e u" is found 10 be 0.71. a nd K. Ihe faelo r g ivin g ri s e 10 
iso lropic h yper fin (" " Iruc lure. is fo und 10 1)(' 0 .3 1. 

Ensign. T . c., S to ko ws ki. S. E .. 5 h at'cd h o les t"appe d b y charge 
d e fec t s i n S .,TiO", Ph),s. Rev. Fl , 1, No.6 , 1799- 28 10 (Morch 1.5, 
1970). 

K(· y wo rd s : Co lo r ce nl e rs : I~ PH. : hole ('1' 111('1'5: 0Pli ca l a bsorp li o n: 
s hared hol cs: S rTiO". 

Us ill g lilt' lec hniqu es "I' E I' I{ a nd op li ca l irra di a lion in conjun c lion 
wi th op ti ca l ah sorp ti o n IllC(lS llrCIll (' llt S. W(' have ~u ill ed lI scful 
info rmalion abo ut Ih e na lure of so me ho le e!" nters in SrT iO". 
P rima ril y wc hav(' in ves li p:a led s ingle crys la ls doped with a luminum 
a l le mpera tures ncar 77 K. T wo prin cipa l ce nt e rs have been ex · 
p lo red: I I ) Ih .. A I-O ('e nl (' r - a Ii o le " ha red among Ih e oxyge ns whi c h 
"urro und A I" ' . a nd 12) the ,<.() cen ler-a hllie " ll ared in a sim ilar 
fas hion . b UI mor .. deep ly Irap llt' d by a c harge defeci "I' unknown 
or ii( in. The A I-O- ee nl er ariscs afte r band i(ap irra di a lio n a nd is 
c ha rac le rized at 77 K by Ihe fo ll ow in i( [:.va lu es a nd hype rfin e eon­
s lan ts : [: 11= 2.0 137. P:l = 2 .0124. A II= 8 .3 X 10- 4 cm- I• an d Ai. = 
7.6 X 10- 4 e m - I. Th e X-O- ce nler is prese nl before oplieal irradi a­
lioll . No hyperf-in( ' , lr ueluJ'( ' is obse rved. bUI IllI' i"" lrup ic g-va lue is 
2.0 130 a t a ll lcm lwra lU rt'" from 4.:2 10300 K. An 800 n nl absorp ti on 
ba nd ar i ~ ill ~ afle r ba nd :!ap exc it at ion has bcl' Il ('o lTcla t('d w ith Ih (" 
A I-O (Tn le r. 430 and 600 11m a bsorplioll IJa nd s hav(' been co rn ·la led 
with th" a bsC' l1 c (' of I,' e'" in Ihe E PH sp .. ctrum. a nd a SOO nm band 
lias a lso bC(' n obse l'ved. In a ddilion. Ille ro le of iron in Ihe pholo· 
c hro ni c p rocesses of S rTiO" is presen led. I; ina ll y. Ih eore li ea l wor k 
utilizing the molec ular orbil a l (J' a nd 7r s la tes in 0" sym me lry has 
prov idc d a firm bas is for Ih e s harin p: mode l. Th e exper ime nta l [: 
va Jut'!' a ll d Il yperfill (, ('()n~la nt s a rc di s(' u ~~(· d ill li ght of t hi ~ III nci(' I 
a nd a n ' round tn he ill good a~r(,(,ITl('nt. 

I ·~ s till . . \ . .I .. '·: dilor. PJ'f'{' i ~ i()n nl P a ~ lIl't ' lu ('n t a nd ea lih.'alion. 
Se leetcd N B S 1'""",., on "I, 'e lt'ieit~" " adio f"( 'qu e n c~' , \ ([1. 
11111'. SI(llId. I/ ·.S.). S,I('c. 1'111)1 . . 1110, / '01.4 , 1.56 l)(Ig('s 1./1111(' l ()iO) 
85.,50. Sf) C(lI(llog No. CUIO:.WO/I'. I. 

h:( .y \\'41 rd ..;: 1\ c/lll il laIH'(': a nt f'llna: a ll C'll ualnr: hololllt'le r : ca lorim ­
etry: horn : impeda IH'(': int erfe rulllc lr),: llle a~ Llri ll g ~ys l (,l1l: pll(l~{,: 
power: radiolllf'tr y: r(,~O ll allt cavity: vo lt ag-t': WaVer. H·m: wav('~lIid(' 
j UI1('ti.'Il. 

T lii ~ vo lulll e is on(' of a n extended !'-i(' ri ('~ w hi c h hrin !!~ lo!!e llH'r ~ om(' 
of Ihe previou,1y publi s hed pape rs, monographs: ab ~ 1 racls, a nd 
bibliop: rap hi !", by I\;BS a Ulhors dea lin g wit h Ih e preci"ioll n1('aS llre · 
me nl of specific physical quantilies an d Ih e ea lihra ti nn III' Ihe re­
la le d mel ro illgy f'CJ u ipmenl. Th" co nl, 'nls havi' he (, 11 se lee ll ·d as 
being usefu l to Ih e s i a nd ards labora lories o f Ihe Un il ed S lates in 
Irae ing 10 ;'> RS s la ndard s Ih e acc urac ies of nwa s urel11ent needed fOI­
researc h wo rk . faelory produc lion. or fi(' ld eva lu a linn . 
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Volum e 4 cont a i,,, reprint s thrnu ~ h .Jun e 1967 o n radiu-frequ e ncy 
(' ]{'('( ri ca ] meas urem e nt s c ove rillg th e fol lo win g to pi cs: Po we r. 
S inu soida l V()lta ~f' and C urrent , E l ec tru lll a~nl'li c I·' ield s a nd Ant en­
nas . I{adar and Ba sp band Pul,cs. Noi se, Att e nu a tion and PI, ase . 
Illlpedan ce . Hadi" Frequ e ncy .\I a te ri a ls . Qu asi·o pti cs a nd Milli · 
me te r Wav,·s . and Appli ca tiun s to .\I eas ure ment Sys te lll s. 

Furcu lo w. W. H. , T(' chnical S tandards Coordin a tur , Mosaic-par'que t 
hanlwood s lat f1oor'in!! , .Val . FI"f' . S ialld. tU.S . ), VO/lIl1 lary P rod. 
Si alld. 1,- 70 , n fl U f!.1'5 tSel'" 1970), 15 cell Is , SD Cala/op. No . 
C n .20/1 :17- 70. 

Key words : Floo rin g : ha rd wood flo o rin g: ll1osai c- pa rqupl flo o rin g: 
~ Ial Hoorin g. 

Thi s \ ' olLllll a r y Pro du c t ~t alld a rd ('ov ('rs r(' qllir f' nl( ' ll t~ [or g ra ditl ~. 
mo i ~ ture (' onl ent. dilllt' ll :, i()l1 s . c Oll struction. and fini sh ror mosa ic­
pa rqu et hardwood s la t fl,,,,rin ~ whi c h is int end ed for use in res i­
de ntial. in s titution a l. a nd C'ollllll (' rc ial buildin gs. A method for ma r" ­
in ~ a nd lab"lin ~ to indi cat e cu m pli ance with th e S tandard is a l,; o 
prov ided . ,Vranufa cturt-' rs' r(' c oJllme lld a tions 011 ord e rilll! d ll(J in s ta l­
la tion a rc in c ludcd in an appe ndi x. TIIP S ta nd ard doe,; nllt co ve r 
floorinJ,! ~ qu a res o r block s whi c h arc fabri ca ted from co nve ntional 
tOll gue a llu groo ve t ype ~ trip ~ . 

Culd, teill . .J. I .. He nd"·r", ,,,. ~: . IY .. Yakll wit z, II .. Invt'stil!ation of 
lunar' metal par·tidcs I/ 'roc. Apol/o I I 1, 1111111' Scil' lI CI' CO llI, '/1111 -

lI ary 1970 , HOII SIOII , Texlls). (; eochi lll . Cos lll uchilll . Acl ll 1 , 1')9- 5fl 
11 970) 

Key word s : Elec tron probe mi c .... a nal ys is : luna r sa III pies; lu na r 
simulation: lunar tl\{'rnw l Ili ~ t o r y: nH' tp()rit(' s : prnbt , mi c roan alys is: 
sca nnin g el ec tron Illi("ro ~cop y . 

Seve ra l me ta lli c pa rti e l(·s f,,"m lun a r fin e ,; amples 84 a nd 8:;- 17.\11 
a nd from brecc ia sa lllple 46- ] 8A II't'I'l' ill ves ti ~a t e d by n1< 'all s "f 
tlj)ti ca lmic nISC(lI IY. ",ca nnin g t'lec trl l ll Illi (' nl ~(' t)p y and (,Iec tnlll pnlbf' 
Illi c roanal y", is. Th ese parti c les ("n ll ~ i ~ t e d 411' two large globules. m eta l 
s pread on ~ I a" s y ,; plr e re, . ' plintl'r., and Ill e ta l in tir e fo a my pumi ce · 
li" p fra~ ," e nt s. Tire l a r ~e,; t ~ Iohul e Ir ad a s tru c ture con sis ting of ,~o 
!-tm Fe- Ni dl'ndrilt' , in a n, a tri x III' troilitc. A Iri gl, Ni rim lVas found 
a t th e troilit e-dendrit e int...-face. Th c dendrit cs ,; lro wcd typi cal Ni 
~e~ rl' l!a tion. th e co mposition a t Ih e out sid e bt'in:,! about 16 w/o N i 
witlr 13 w/o Ni a t tir e ce nt e r. Tir e t rllilit e co ntain ed 0.1 to I. :; W/ II 
Ni and appea ,'s til he in di ,-,·quilibriulll . Tir e rim c lllltain , 29 til 46 
w/o Ni a nd about 0.3 w/o S . Tir e rilll is a y phase ill tir e I:e- \ i-S 'ys· 
te m and was c rea ted by the rejpc tion of Ni from th e troilit e . We were 
abl e to syntlr es ize th iS ~Iobul e : tir e ,;a ml' ,; tru ctur, · was obtain ed . 
Fro m thi ~ simul ation . the coolin!! rate was det ermined as 2.50 e/set'. 
Thi , globul c proba hl y was crea lt'd by th e impac t "I' a chond rit e lin 
the moon . 
A ~Iobul e separa \( ·d fro lll th e breccia roc k appa re ntl y ,;olidified 
qui ekl y and th en " lilli I' d s lll wly. tir e rll c k ac tin ~ as a kind of c ru c ible. 
Thi s ~ Iobul e ' ,; meta l rc~ i o n s cll ntain 2 w/o ;'\ i. I w/o P. 0 .3 w/o Co. 
balance Fe. Th ere are al so phn~ phide eutec ti c regi on s cont ai nin g 
fin e inter~ro w tlr s "I' kam ac it e . tmilit e a nd ca rbid, ·s. Thi s pa rti cle 
shuws a strikin g ~i mlil ar it y to ~ ph (-' rHi ds from th e Ca ll yo n Di ablo iron . 
Th e ('v ide nce in d ica tes th a t tlri s ~ IIIhul e wa,; proba bl y c rea ted by th e 
impac t of an iron meteo ri te 0 11 Ih t' mooll . 
Th e analys is of the nr e ta l pa rti c les Ill a kes it c lea r tlr a t l)IIth meteo riti c 
a nd lun ar FI·- FeS int p r~r"'v tlr a rc prc,;e nt in the luna r fi nes. T he 
lun ar m eta l i s simil ar to the m eteor iti c Ilw tl' ri a l in th at i t i s stir· 
rounded by s ulfid e: both nw ta l con s titue nt ,; a rc of conr pa ra bl" s iz, ·. 
s tru c tu re and Co ellntpnl. Tir e t wo types II I' Ill at" ri a l can be diffe r· 
e nti a ted hy til(' ,; i ~ nifi ea nt :'-Ii and I' c(l nt e nt III' t he tra nsform ed 
ori gin al meteo riti c mat er ia l. 

HIIII. II. K .. Tlr c ll'·,. of I!"" la se ,'s and its applit'ation to expe "i­
mcnt , I'hys. Rev. A, 2, Va. I, l.H- 1·19 1./11/)' 1970). 

Key wo rd,;: Colli s ions: ~as lase r: lin e widtlr ,;: 11IIWl'l' out put : theo ry: 
t Linin g curves . 

The ~t' mi- c l ass i ca l th eor y of ga~ las t ' r s has bef' 1l refo rmul ated usin g 
ra te equ ation s to descr ibe tire de ns it y matrix tinre he l, avill r. Th e 
~oluti o n tu th ese t'q u a ti oll~ . in th l' fo rm of a Four ier ~t'r i l's. is appli · 
ca ble to a rbitra ril y lri ~ 1r laSt' r int cn,it ies. A ea lcul a ti on of tir e " fTec t 
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"I' phase - c l, a n~in g colli s iun s is a lso inc luded. The result s are COI11-

pared to ('x pe rime nt a l da ta take n with a He-Ne lase r o p e ra tin ~ a t a 
wavel e ll ~th of l.l5 !-till . 

Kl ein . I{ .. A field ('mission s tudy of car'bon monoxide on h.c.p. 
metal s ,'he niulIl and l'utlr e niurn, SIIIj(l ce Sci . 20, .'Vo. I , 1- /7 
tMa rch 1970) . 

K, ·y words: Ca rbon monox ide: d" so rptio n: fie ld e llli ", ion: monox id e : 
rh f" niLlIll. rlith eniulll . surface mi grati on . 

TIlf' surLJc{' mi grat ion . work fUll c ti on in c re lll c nt s. an d d esorptioll of 1 

ca rbun mono xi de on two h. c.p. m etals. rllt.' niulll and ruth enium . we r e 
ob served with fi"ld e mi s, ion Il' c hniqu es. Carbon m''' lOx ide is weakl y 
bOLind to ruth f' niuITI a nd more strongl y hound to rh enium . Fo r a 
cll mple te mo no laye r. the work fun c ti un inc rement is 1.3 e V fur 
ru th enium a nd 0.8 for rh c nium. Surface migrati on comme ncf"S at a 
readil y ohse rvahl e ra te at ahout 125 K fur rut Ir e nium and shuws 
bo tlr "ound a ry a nd boundary fr lT charac te ri s tie s. Hl,e nium Ir as a n 
ill dpfi 'lt' d s urface mi ~rati o n tempe rature re~ i o n beca usp th e desorp ­
ti u ll pf'(' ccdes an d ove rl a ps il. T wo we ll defined billding s ta tes for 
CO on rh e nium are sce n. 

Ledbett e r. H. VI.. Heed . H. P .. On the mar't c n sitc cr'ystallol!r'aphy 
of F c -Ni alloys , Mal er. Sci. fOn t:. 5 , .Vo. 6, .14 1 -.~491.1I)ne 1970 ). 

K,>y word s: C r y,; tall o~ ra phi c th cory: iron -nick e l alloy : llIart e ns ite . 

For tlr .. lirs t tilll e la tti ce pa ra melt'r data a lld habit pla ne meaS Urt>· 
ment s are a vail a hl e fllr a n a lloy sys te m wlrll se c r ys t al lo ~ raphic f(' a· 
tures (' h a ll ~l' continuo usly w ith cnmpo~ ition. Thi s in fo rm atiun has 
bee n I'rlldu ccd for til(' pl all'-lik e mart e nsitic trans fllrm atioll in I"c­
has,' alloys cllnt a inill ~ bet wee n 29 and 35 wI. % Ni. Thi s pape r 
present s a c riti ca l examination of the data from tIl l' v iewJlo inl of the 
tlll'or if" "I' IIHrrte ns it e c r y,; t a llo ~ ra ph y . It is foulld tlr at th e c urre nt 
th eories ca nnot e xpl a in th e va ri a tion nf tir e Ir a hit pl a ll e with cllmplls i­
tion witlrout in vokin ~ a va ry in ~.) (1.000 to 1.013) . .) he ing an isotropic 
el il ata tilln paramete r. In addition to tl, e I, abit plan e. ,;e vcral quantities 
Ir ave bee n ca lcul ated as a fun c ti on of Cllmpos ition : tl,e volume 
chan i!t' , the m agnitude of th e latti ce invari ant de form a tion. the 
magnitud e and direc tioll of th e sllape CI1<:ln!!e. and th e orientation 
re lation slrip. Th e e ffec t,; of e rrors in la tti ce pa rameter and of therm al 
ex patJ ~ ion art' con :-. icif'red. 

.\Iann. W. B. , Ga rfink(· I. S. B. , Edit ors . Radioactivity calilu'ation 
,t,,"danls, Nal . /JU l' . Si an d. (U.S.), S pec . P"b! .. H / , flO papes 
(A "t:"s l 1970) S 1.15, SD Ca la /og No. C n. IO:T! I. 

Key word s: Alplr a- pa rti c le s ta nda rds; ca librat ion con s istc ncy ; co­
in c id ence count i ng; d ecay-sc heme effects: e fTi c iency trac inp:: ga mm a· 
ray .:5 t and ard s; int ern ational co mpari sons: liquid ·sc intillation count· 
in ~ : raclionu clide ha lf-li ves : radionuciide s tand a rd s. 

Expe rim e nt a l procedures and methods used in nille in te rn a ti onal 
radioac t ivit y s tanda"eli za t ion la boratori es a re described by e i ~ ht 
a uthors. Th e I' 0s, ibilit y of a tt a illi,, ~ ace urac ies of tir e order of 0.01 
perce nt a re di sc us,;ed . Th e des irability of ca rryin g "ut cO Il , is te ncy 
ch('ck s of :,ra lllm a· ray ~ t a nd a rd s w ith tim c . usin g a 41TY io ni za tion 
chamber is e mplr as ized. Th e va lidit y of rad ioac ti vi t y s tand a rds is 
exa min ed. lnt e rn a tion al co mpa ri son s o r~a ni zed by thc Burl'a u 
Int e rn a ti ona l des P a id s (' t .\Jes lll·es a rc di scussed. An a n alo~u e 
Ill ethod IIf liquid-sc intill a ti on cou ntin~ is dcsc ribed . Cert ain typc s 
of radioac tivit y standa rd s are c riti c ized. The fi elds of int e res t of 
th e two Ca nadi a n la hllra tori es a re d isc ussed. De ta il s of th e work 
in p ro~ress at th c Bori s Kidri c In stitut e and Na tional Burea u of 
Standa rd s a re prese nt ed. 

Milliga n. D. E. , Jacox, M. E., Spectr'a of radicals in Phys ical 
Ch e mi s tr')" 4 , Chailier 5 , 19.3- 1.1 1 (Aca demic Pre5s I lIc., New York, 
N. Y., 1970 ). 

Kpy wllrci ,;: Elec tro ni c s pec trum: Has lr phot olys is: free radi ca ls : 
matri x isola ti on: llIol ee ul a r orbit a ls: vibra tiona l spec trum. 

Probl c ms a ri sin p: in th e d irec t s lH'c troscopic de tec tioll uf free radi ­
ca ls a re s ur veyed. Appa ratu s used for th e spectrosco pi c stud y II I' 
fr pp radi ca ls in th e ~as phase and tra pped in in e rt so lid mat ri ce,; is 



d esc ribe d. Th e advanta,:e and limit a ti o n s uf fla s h phut(ll ys is a nd uf 
matri x iso lation s t ud ie s for tl lP produ c tion a nd d e tec tion of f ree 
radi ca ls a rc co ns id e red . Exa mples uf ra di c a ls s tudi e d b y th ese 
te cilniqu es ar,· ei u·d . a nd d a ta on th e s tru e tun' and .. he mi e a l hondin,: 
uf th .. s e s pe .. ie,; d e ri vpd fmm tile obs erved s pec tra are co rre lated 
with th e pre diction s of s impl e molec ul a r .. rbit a l th eo ry. 

R e im a nn. C. W .. Sa nt o ro. A., '\li ,: lIell. A. D., The ('I'ystal moleeu ­
lal' s ll ' uetul'e of h exalJ), I'azo le l1ickel(ll) nill 'ale , Ni(C"R,N JG 
(NO"),, Arll1 C,·)'sl. B26, Part S, 5:2 I- S:26 IMay 1970). 

K ey word s: I nur~an i c coordination c Olllpl ex : Dc l a h('dral c t)ord in a­
ti o n: py razo lC' : tr i,:ona l sy mmetry: x· ray s tru c ture det e rmin a tion . 

Th e c r ys tal s truclure of hexapyrazo le ni c ke l(lI) nitrat e, N i(C,H.,N,),; 
(N O "),, was d e te rmin e d by s in g le·crys tal diffra c ti o n tec hniques. 
C rys ta ls of N i(C.I-l., N,),;(N O,,), are tr igo na l w ith a = 9.958, c = 7.278 A, 
s pace ~ruup= P3, Z = 1, p,, = 1.57 ,:.c m - ", pc = 1. 57 g.c m - ". Three­
dinll'n s ion a l cou nt e r d a ta we re c "lleeu ·d (111 5 re Aec tion s) and th e 
s tru c ture wa s ""Ive d b y a n anal ys is of tl,c Pall e rs"n ma p. T i, e co m­
plex c ation . N iIC, II, N, l,: +, fonned by th e c u.'..'rd in a ti on of s ix p la n a r 
p yrazo le Illo lec ul es to th e ni c ke l ion, has 3 point s ymmetry. The 
ni c ke l illn lie s at t he ce nt er of a ne a rl y r egular o c ta he dro n of co· 
o rdill a te d Ilitru~e n alom s. These co mpl ex c alio ll ~ a nu nitrat e a ll ion s 
are linke d b y h yd ... )~e n Iw nd s IJetween eac h pyrro le t ype nitr,,~e n 
a tom (N- I-I) i n t he pyrazo lt · rin ~ a nd a n ox yge n ato m ill ti le ni tra te 
g roup . The lin a l I'('finl'men t b y full matri x a ni so t ropic leas t-squares 
a nalys is res ulkd in a n R va lu e ,,1'0.053. 

Ruff, A. W .. Jr.. Measul'cmcl1t of s tack in~ fault eIlCI'~)' f"om 
tlislocation inlel'ac ti o n s, M el . Trail ., . 1, No.9 , :!391 - :N I.J (Seil l . 
1970) . 

Key wo rd s : Di s loca tion s : di s loca ti"n nud es : di s loc a ti " n ribbon s ; 
faulted di s loca ti o n dipo ll '';: s t ae kin~ fa ult ene r~y: s t ac kin ~ fault 
te t ra he dra . 

The tlr e"ril's a nd m e thod s app li e d to tir e det e rmin a tion of ti ll' s tack ­
in ,: fau lt e ner~y (Y) u s in g Il' c hniqu es of dirlT t obse rv a tion of di s loca­
tion co nfi ~ura ti u n s a re rev icwed . Th e fo ur prin c ipa l me thods . 
utili z in~ di s lo ca ti o n nod es, multipl e ribbons, s t ack in~ fau lt te tra­
hedra. a nd fau lt ed dip o les. a rc di sc ussed in det a il. Diffe re n t the,, ' 
re ti ca l treatment s arc compared wh e reve r puss ibl l" Experim e nt a l 
procedures and qll a nl it a l i ve m eas urement m el ho ds are rev iewed. 
De tai le d exa mples of till' a ppli ca ti o n of ea c h mcthod a re ~ i v('n. F"r 
Y/ IJ-b in the ra n~, · of 2 x 10- 4 to 5 x 10- :1 (IJ- th e s ht'ar modu lus. Ii th e 
Burg:ers vec l(,r ). Ill CClsu n ' /Il c nl s (I ll di s loca ti on nodes or multiple 
rihbon s in favora hl e casl's s houlel pe rm it d e te rmin a ti o n s o f th e 
s tack in ,: fa ult e ner~y to a prcc is iun of 5 perce nt. Fu r l a r~e r va lu es of 
Y/ IJ-b (up to 12 X [0- "), nll' as url ' Ulent s ea n be made o n tl'lra lr eelra 
or fault ed d ipo les w ith le ss preci s io n . I . a r~e r val ues of th e s tack ill ': 
fa ult e lwr~y r e quire hi ,:h re,o luti oll s tu d ies of di s loca t io ns: th ese 
tec hniqu es a re not ye t we ll es ta bli s he d. Poss ibl e s o urces of sys· 
temati e bias a rt' di sc u ssed. Two s ignifi ca nt theo re ti ca l proble ms 
remaill c"ncl'1' nin ~ th e trea tm e nt o f th e di s loca tion co re and th e u se 
o f alli so trop ic c las ti c ity . It is of prime impo rtance tv c h a rac te ri ze 
as ca re full y as poss ibl e th e m a te ri a ls s ludi e d if acc urate res ults 
are d es ire d. 

Simson, B. C. , Mand el, .1. , Bre nn e r , F. C ., H esea l'ch fOI' a unifOl'1ll 
quality ~I'adin:! ~ys l l'nl fOl' lil'es. Ill. Br·eakin:.r c neq.!;Y, 
RuiJiJer Che m. Tech. 43 , No. :2 , .JS6-.~69 IMa.rch 1970). 

Key word s: Bia ~ pl y; brea k ill).!; ene rgy; passe nge r car; rad ia l: tire 
strength: tires: winll ' r. 

A It' s t procedure. d" s i";lll'd to c lass ify tin' s accord in .,; to tll e ir 
a verage brca kill ~ e ll l' r~y has 1H.'e1l appli('d to a ~alll pl e of pU SSl'llgcr 
ca r tires. D a ta are repo rt e d o n 127 differc nl tires 0.1' a ll ~rad es a nd 
types ovcr a ra n ge o f s izes. 
A sca lin ~ sys te m is devi s l, d and app li e d to the d a ta. It is found th a t 
th e s ys tcm lead s to conclu s ion s s il1lil a r to th ose de ri ve d from th e 
ori gina l da ta. 

U~ia",; ky . C. \1. . S ko lni c k . I" P. , S ti e fe l, S . W ., Direc tional clreels 
in the s tress cO I ... osion c'I'ac kin~ of an aluminum alloy, Cor­
rosion 25 , No.2 , 77- 86 (Vebruary 1969). 
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Key wo rds: Aluminum a lloy: c orro s ion: dire c ti o na l effec ts: g ra in 
moqlll (l ltlgy: prefe rred o ri{'ntali on ; ~ In'ss ('{) rrositl ll . 

S tudies uf the re la ti ve e ffects III' ,: ra in morphulo~y a nd pi"efe rred 
orientation Oil tllf' di rec tion al sli sceptibilit y to illl (' r~ra nul a r s lr('~~ 
c orrus inll c ra c kin ;!; uf a 7075- '1'65 1 a lulll in u ll1 a ll oy plate h ave h c e n 
c ondu c ll ·d. Ti, e rol e of ,: ra in ll1 o rpholo,:y was found to be of para­
mou'nl import all c.:e in con t ro llin g crack pro paga tioll . II wa:-; fo und 
that a ~ l o\V ra te of propa~a ti t)n a lo ll :,! g ra in boundari es pa ra ll e l 10 
th e a ppli ed s trt'ss. a nd th e fac t th a t t ill' inter,:n.n u l"" <Tac k II IU St 
propa~ale primaril y in t hi s dircc tion accou nt s ror the 10"" suscep­
tibility uf lun ,: itudin a ll y s tl·cSS t·d s pl'c illl " "". Ti,e re" ult s s u ~;: (' s t tl ,at 
th e thres hold , tress for s hort transve rse s ppci nl('n s appro xima tes 
th e low s tress necessa r y to crack g ra in bo un darie s Ilormal tll til t' 
a ppli e d s tress , and th e thres ll o ld s tn' ss for lo ngitud ina l s pcc im e n s 
approx im a tes th e hi ~h s trcss nee d e d to propaga te c racks a l oll ~ 
bo undari es pa ra ll e l to th e a ppli e d s tr"ss. Prcf .... re d orient a ti on 
was fuund tu be of s e c ondary import a nc e whe n co m pared to th e 
e ffec t o f g ra in mo rph o logy. A hi g h d egree o f p re fe rre d o ri e nt a ti o n , 
rath e r th a n a n y s pec ifi c s lip pl an e o ri e nta ti o n . was found to in c rcase 
th e s usce ptibilit y of s pec im e ns with th e s a m e g r a in mo rphology. 
Pitt in g c o rros io n was fo und to occ ur to a mu c h g reate r e xle nt o n 
u ns t ressed t ha n o n s t ressed (u nd e rgo i ng s t ress co rro s io n c rac kin g) 
s pec im e n s . Thi s p h e no m e non is cx pla in e d b y wha t is te rm e d a n 
" int e rn a l ca th odi c protec ti on m e c h a n is m ." 

Wall. I" A., Fl ynn, .I . 1-1 ., S tra us. S ., Ral es ofl11olee ulal'vapo l' iza­
tion of lin ea l' alkanes, ./ . l~h ys. Chem. 74 , 17,3:2."17- 3241 (1970) . 

K ey wo rds: A lk a ne s : 11 eals : n -hexatr ico ili anc; II -p ri s ta ll c: II -telra­
('1 ):-,a l1 (,; lI -t {' lra n4)ll aco nl a ll f'_ va p t1ri za t io ll . 

Th" ra tl'S II f Ill o l"c lll ar vapo ri za ti o n of fo ur lin ea r a lk a nes . II -pri, ta n e 
Ie,,). n · t,·tracosa Il C (e,,) . lI · h l'x a tri co nla ne IG,,;), a nd II -te tra no naco n­
tane (C,,) was m eas ure d . By bo th is ot herm a l a nd Il o ni s o th e rm a l 
m e thud s, th e kin e ti cs 411' th e vapor iza ti o n process s howed ess (' n ti a ll y 
zero order lJ e lr av io r as a vapor iza tion process propo rti ona l to Ih(' su r ­
face a rea s lllluid . Th e Ar rh e niu s ,d o pe plu s ::l NT/2 was c' ''llpa red to 
he a ts "I' va purizatiun of o th e r II -a lk a nes in til e lit e ra ture . Th e u ld a nd 
new d ata s how tlr a t t he Ilea l or va pori za l iun i s propo rl inll ed 10 I h(' 
two· third s powe r of th e n umb e r. II. of ca rbon a tums in th e s pec ie s 
a nd Ilut to till' fir s t po we r . Th e m ajurit y of til e known h ea ts ofva por i­
za ti o ll we re we ll fitted IJY t he e qua ti on , 

MI ,. = 1:,.4:, 11'1"- 0.08075 T + 12.22. KJ / lllol 

TIll' te t ranunil cunt a ne va po ri zed withou t d e tec tion o f h ydroca rb on 
dcco mpos iti on product s b y mass s pcc tra l mo nit ori n ~. Th e rcs ilit s 
s u,:,:ests a mu c h hi ;.dlt'r limit to t he s ize of s pec ies ca pable of mo lec u ­
lar va l" " ' iza ti u n witho ut d eco m pos ition , th a n p rev iuus ly ass um ed. 

W es t. E. D., C hurn ey. K. I.., Theor), of isopel'ilJol ea lo";nwll·)' 
1'01' lasc l' POWCI' anti c nel'~)' m c a s lll·c l1wnl.s, ./ . Allpl. I'hys . 41 , 
No.6 , :!70S- 171:! 1/\llay 1970). 

Key words: Calorim e try: lase r calorim e try; lase rs; th e rm adynami cs . 

I.ase r pOW l'r and e ll e rgy m e a s ure m e nt s a re c o mm o nl y m ade in ca lo­
rimete rs o pe ra tin g ill a eonstanl-t ~ lllp e ra tllr {' e nvi ro nmt'nt. These 
ca lorim e te rs a re a na lyzed in tnlll s o f th e fir s t law of t he rnHld yn a mi cs 
a nd th e boundary va lu e problem d esc ribin ,: hea t fl uw in til e ca lo ' 
rim ete r . Thi ~ tlr e ory of th e m e a s ure me nt s ll g:~es t d es i ~ 1l fea tures or 
Ih (' c alorim e te r. sources of e rro r to be avu id e d in d es ign a nd OPCI'C..I ­

ti o n , and tes t" to delllon s tra te ex perime nta ll y th e adequ acy of th e 
d es ig n. '1'1,, · a n a lys is s ho ws how tim e -t e mpe ra ture data ca n 1Jl' us ed 
tll a ll ow for til e kmpera tur" ~ra di e nt on the ca lori me te r il nd th e 
hea t ('xc lr i:lllgt' due to tran sie nt s in tir e te mpera tu re. 
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