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Summary

Hetalllie derivatives of anthranilie were synthesized.
These derivatives are classified as chelate rings. X-ray
diffraction patterns of these metallie derivativés were
obtained. Investication of thege patterns xaveélsa ihat
each diffraction pattern was uniqgue, but that the patterns
were related by the atomie number (2) of the incoming
metals These diffraction patiterns provide & quick and
positive means of identifisstion. 4 plot of atomia mume
bar agalnst intense characteristic llnss enables the
approximate prediction of strong characteristic lines of
other - metallie derlvatlves of anthranilie acid.



Bectlion I |
Introduetion |

The term chelate ring denotes a eyelic siructure
that arises from the intramolecular coordination in a
system formed as & result of the presence of a donor
‘and acceptor atom within the same moleculs.

Chelation had been detected as a result of steros-
iamarism, ionization and absorption data. The last
eriterion came into prominence in the year 1935 with
the study of the infra~red absorption of cartain molecules
contaiain% %yﬂmxyl groups« Hilbert, Wulf, Hendricks,
and Liddel were prominent In these absmrpmm studies.
They :}swt«sﬂ’ that an organic compound; aliphatie or arcmatic,
‘containing a free hydmxy’i group showed 4& symmetrical
abébr‘pﬁién‘bam at or mar 2.7 s It was observed that
'rih;:._a; characteristic band was absent in those molecules

_ which, from other evidence, were presumed %o undergo

‘j hy&rng@n bond i‘ﬁmﬁégﬁim, Later it was established that
. the ¢haracteristic hydroxyl band was replaced by & broad
“band. axtemmg froin 2494 to 333U which was aharmtwu

| - istic of theo-H-o linksga.

. ‘ s *o _' . -
Abaw@tic}n- band 6-1-!-9& - Madsrom abso;«pyim 2.

u},m. "



According to ﬁidgwickizjahalata ringa may be classifled
into three dlstinct classes. “

Class 4 chelate rings result from a combination of long
with & centrsl atom and arise from the inability of that atom
to form additional covalent lirks except by coordination.
%héaa eompounds are highly ionlzed in aqueous solutions and
are generally very stable. 4n @xampia of this structure 1s &
‘boro~salieylates

[l 0]~

Classg B chelate yings are systems in which the central
atom forms one normal covelent link and one codrdimate coe
valent links 7These systems are nmn»iénizaa in aqueous sow
Intions and are generally less stable %han is the alas% 4
styuctures Depanding upon the central atam, these ring
systems decompose at tamparaturaw ranging from 15066. to
230%, Ad example of this structure is the oxime of phanylw

glymlw acide 8o,

= TR U |

w” S i
Class C chelate rings sre systems in which the central

~ atom forms two coordinate &ﬁvaleﬁt 1inks, These systems are
unstables Their instabllity arises from the fach that stable
ions or molecules ere formed when the ring 1s brokens An
 example of this sfructtire 1s ALClLg.



Syntheses

 Manganese, nickely copper, zinc, mercury, and lead
derivatives ofjanthranilie acld were synthesized. These

syntheses woerae performed as reported by the followlng authors.

Fiy Cu derlvativesmee He Funk and M. Ditt .‘(4

I’b, Hg derivativese~ H, Funk and F. R&xerw )

| S -3
ﬁng In derivativesews H, Punk and F. Romer

A typleal éynthasié consisted of adding a 3% {by welght)
anthraniliec solution (3 gx*amfs of anthranilie acid dissolved
in 123 cece of ethyl aleohol ) to & hot, dilute water solu=
tion of the metallic salt. The resulting mixture was removed
from the burner and allowed to stand one hours The mixture
wag filtered through a Buchner funnel (wlth suction) and
washed three times with the reagent and twice with ethyl
alechols The precipitate was dried at a temperature of 100%C.
for ong hour. w
| T:fw reaction proceeded asg 1g indicated by the following

'QQﬁaﬁiﬂnw o

(-}
: &
e L~OH‘ u ]A
W (N,

The reaction proceeds readily and 1s used for the guane
titative determinationg of many metalllc lons.



Section IX 1
Introduction

The history of xerays dates back to the yem? 1895+ In
this yearg Wilhelm Conrad Boentgen was conduoting axpa;‘mants
to determine t_hé properties of cathode ra;{m "In the course
of his study; he noted a hitharta wknown type of radiation
éxsscciamd with cathode rays when the mthﬂda rays were
rapldly decelerated. EHe called these unknown ra&iatiansg
Ko DOYE 4 |

In the year 1912; 48 i-aua; We I‘fx‘iearmh, and Ps Knipping
noted that x&raw can ‘iae_ diffracted by crystals, Thls work
was carried on by Bragg, who later propounded the relation
betwean the wavelength of the incident radiation (A4 the
angle between the crystal face and the incident radiation (©),
the order of reflection (W), and the distance between two
suceessive planes in the crystal () » This mlatﬂ.m 1s known
ag Bmggw law and 1s gilven by the equation |
PR wh=zadsue

With the appliegt:im of th:l& 1&@:5_ interatomice distances
can 'be acenratly caleﬁl&tedﬁ 0\) varies directly as thosw @§
in order to obtain values of (8) that are large enough for
accurate measurement, (i\) should be relatively larges For this
reasony in diffraction worky soft xerays are empmy«adw Soft
x~rays denote x»rays whose wavelengths are situated betwsen
10 angstrom units &nd 1 angstrom units The i‘mmrtama of
intense, monochromatic (nearly) radiationt .is at once evident.

o



These intense ,' nearly monochromatie xerays are obtalned by
appropriatily f1ltering the genoral radiation so as to leave
the characteristic x-ray beam. The radiation used in obtaine
ing the diffraction patterns of these metallie derivatives
" of anthranilic acid was the characteristic K doublet. (237 63
| ‘Bragg obtained diffraction patterns from a gingle large
erystaly Somewhat 1&%;@:9; Debys and Scherrer 7 developed the
powder method of crystal analysis {(the method uged in this
1abomtpry)§ vhereby & finely dlvided sample of myriads of
randonly orlented crystals was substituted for a single large
erystal, In this method, a small, nearly parallel beam of
monochromatic x-rays 1s allowed to pass through the samples
The :wmys will be reflected cmly from planes, éf the minute
tzryatala; that are ymmi*fw oriented, Any crystal that is
not properly orienteds will glve rise %o in’aex‘fﬁrema of xe-rays
reflected from the different layers. Thmg, the reflected
x-rays will constitute a family of right cireular cones with
their axes eolncident with the primary xeray beam and their
apices at the sample. | (é) ‘

A Debye-Scherrer type camers was used to record the
diffraction patterns. Thls camera tonsists.of a right cire
eular eylindrical shell with an enclosed "basa and a demount-

- ab:l.a;‘ light proof top. The mm-w :x:f*ray beanm entered parallel
4o the base and was incident tpon the sample whiah was placed
toaxial with the eylindrical camera. Fhotographie film was
mounted around the inner periphery of the cemera. The inter-

G



section of the reflected radiations (family of right eircular
cones) and the right cireular cylinder described avfamily of
curves which were symmetrical abouk the Intersection of the
primary x-ray beam and ."'t';ha eylindrical camerae.

The camera was bullt with an inner dianeter of 114,6 ym. -
One yms measured along the exls of the £ilm corresponded to &
1 degree angular displacement. From geomeirie nonamemtians,
1t 1s evident that the Bragg angle (©) 1s one half the angular
‘displacement obtained from the film.

Production of x-rays

l To propound adequately the mﬁw of the produetion of
xwrays ig beyond the mﬁw& of this papers The following
paragraphs are offered only &8s & survey of some of the more
pertinent facts, |

Vhen high gpeed electrons are rapidly decelerated, x-rays
are produced, The mﬁmrmy of thase eleeﬁrMagmtia
radiations 15 determined by the structure of the atom {target)
 causing the deceleration and he potential difference through
~ which the electrons are asccalerated.
| Ixs. diffraction worky mmmmm mmw am of major

o :s;mmrtemm Gontimuous xerays, which are produced in cons

| _zumtian with characteristic xuTayE in‘t:wfam with the
aiffraction process and must bﬁ eliminated, as far as possible,
by filters.



To initlate the dlscussion of the production of charac=
teristic x»raya;, 1t is helpful to exzamine the wave aspect
of matter. ' ‘ '

is early as 1828, Siy William Hamiltmﬁ?}awmiatea
characteristic wave motion with eirex-y material particle.

We agsume & particle of mass (W moving with velocity (V)
from point A to point B. Associated with the particle is

& characteristic wave with velooity (W), (W 1s the phase
velocity of the wa?e;, M., the velocity with which a single
vave is propagated. If the two paths from A to B are to be
i&antmal; (V) must be proportional to (&)

(2) | na =

{C) must be independent of distance, L.e., independent of
caardinataaa

If the partlele 1z to correspond to a group of waves,
it 1s not the velocity of propagation of the Individual
waves, but that of the de':i'e:s of the wave groups which
should be equal to the veloclty of the p&xﬁmza. Treatises
én wave motion show that the group veloclty (W) is expressed
‘b;r the equation L. d @L) _

(3 ar T4y Sa
where ()) 1s the frequency of the wave.

To differentiate {3), () mst be expressed as a function
of ()« DeBroglie gémmpiishm this by placing the arbitrary
gonstant {Q) equal to the total én@rgy (W) of the moving
particle and assuming that -

(4) C=2W= W

e



in accordance with the quantum theory. Upon performing
the differentiation, De Broglie found that the speed of
the wave gxmﬁp (W) 1g dentical with the speed of the
corresponding particle.

 The wave length of the wave asgociated with the particle
16 Aot ﬂ::lv:lnz (3) and (1) for (&) we obtatn,us _:J .
mereramz )\ _
(52
Equation (5) describes the wavelength of a de Broglie wave.
The wave fraln corresponding to tha mﬂng particle hag &

 wave length inversely proportional to the momentum of the

particle. .

The wave mechenles of de Broglie showed that large seale
mechanics might be considered elther the propagation of wave
groups or the motion of particles. BSchrodinger extended wave
mechanies to cover problems without restricetion as to dimen-
slonge.

- The following differentisl equation ean ba used to
represent & wave corresponding te the motion of & particle
in a fleld of i‘am:é,

- 3
(6) ox ¥ 9% ¥
-, \
\Vj \‘) ;I; %\g‘: o

where (Y) 1s any well behaved function. Assume the wave
assoclated with the particle o have & veloelty (V). The

wave length will be given by equation (5).
A= .,
vy
B



The frequency of the wave 18 '1) -s..*\.": =+ MVMK
IP(Q) 1s a wave of frequency (V)y L.0+¢ q:h, M,;, @.;r-,)t_ + €) )
RIS R SV
&t :
vhence . ——% , q“‘l‘:‘\f Vm.q) .
De Vamgua has shown thatvi2(W-V), where (W) 1s the total
energy of the particle and (VJ iz the potentlal energy of the

perticles Tmst | 3y _?T!"M (W-\r RE

Ay
Equation {6) becomes
7 v¢+?“""‘(w V‘?"

wvhich is the foundation of Schrodinger®s wave mechanicse
Schrodingerts wave mechanics may be applied to the stationary

states of a slimple atom., Consider a gimple atom of massive

positive nuoleus of chargetZ€ about which exists an eleetron

of uharga ~&. mawlﬁ the potential energy of the electron

ﬁ.a‘}_a.% « Inserting this value of (V) in equatian (7), we

obtaln

o VY AIE (w28 =

Schrodingar has shown solutions exist for this differential

equation only if

(9) w“ - Qm+ e ﬁn & 'YV\e E\%‘: 1'3':""] [}
(%) —
Equation (9) represents the possible emergy levels {shells)
in an atome
Yhenn 1 mhall ﬁ.m mta& ag the K sghell
# o B ® oy #
*owo3 n- , ﬂ n # wy n
t . 4 L LI # my o
etc.

ugﬁ



Coryesponding to any particular value ﬂvg‘ax'ﬁMQF the
solution of {8) becomes THORE o)
{10) ¥, = < b & ' .
where (Q) and (S} ape arbitrary constants and () 1s defined
by the relationhi)aW, . The quantity ({) oscillates with a
frequency 6Q¢ |
~ The most general solution of (8) fwr a xyatam is tha sum
of m. the ammﬁmm of the type 5.3:?)‘. Dot + o)
(11) T pa é‘c P &
Wﬁ agsume that the densgity of elecirle ahawg@, at any
pointy is proportional to the value . at this point of ] ‘l’ ,
where (¥) is the complex conjugate of (¥); we assume
. ﬂj_:;;gc \{)“\V 2w (o ~JI + @ e,]
where ie) is the alﬁatraniﬂ uniﬁ charge. It is clear that (/7
depends upon the time enly through the axpanential factor of
which the real part isemad{3)-1) \t«e\,-é] Equation (12) represents
& fluctuation of charge denslties at any point with frequencies,

@ Yy Y- b e

From the preceding - digcussion it 1s noted that permissible
‘mnges from one energy state to snother energy state ocour |
with the emission or absorption of redistion of a definite
fmquaziém These freguencles are characteristles of each
alenent,

The preceding . dwmgsion hag evolved about & hydrogen
1ike atom. Mosoley's fuawuiﬁ the experimental evidence of
the gquantum theory. Hoseley wag able Lo use an x-ray spec=

] Qe



_ t::émémr to study the relation between the i‘rééuenc'y of

: ‘,fmmmc‘h@ri&tm mdiaﬁim (1)) and the atomle m::.mber of the
 target (Z), He found that

(3.4) | | ’)'& a k (7- "3
| whamkm.{ are xmnatanw for a certaln set of amrgy 1awl
displacementss
& wrmin mAndmuom of aneax*gy w114 be mmgm

- to knock an electron from & specifie energy levels If the

Ti‘mam@nt electron iz %o supply thia energyy it meessamly
mg*&: *!w s.amiemted through a &@ﬁnﬁ:a patanﬁm mferema.
In m'dax* m mm: a £ shell slectron out of the ‘atomy the
filanent electron wlll have to be accelerated thr:mg,h a
cartain mtantial aifi'amma; this potential Aifference 1s
called tha excimtwn wtmﬁi&l for the X series. When the K
shell electron 1s displaced, its initial energy state may

be filled by & L; ¥,****shell electron. If the L ghell
electron makes the transition, the radisted photon 1s noted
as the X, characteristie ‘radiaﬁiom £ the ¥ ghell electron
makes the transitiony the rediated photon ls noted as the Kq
characteristic radlation I series characterdstle radiations
are denoted in & similay manner.

To obtaln nearly monochramatic xerays, critical
absorption data were employeds In this diffraction mablem,
the characterlstic XK, doublet of' chrolym’ wie emploayeds.s The
eharacteristic chromiun Ky line 1s of high intensity and
 has a wave length 0,80 angstrom units shorter than the XK.

iine, (k‘tmih ', ) To reduce the K¢ line to a negligible
kQ‘ 11.*“ .

wlle



value, & vanadium mntm&e fllter was useds The Xq line 1s
reudily absorbed by the vanadium because its wave length falls
,jws’a ingide the aritical absorption limit of vanadium.

Be el obarTins Kuid

| &Q\)W
o.&rw&x:‘w | : . ﬁ:kqw
w NS
ﬁa Q
D

The filter practically eliminates the Kq line and decreases
the intensity of the higher frequency radiations of the
continuous spectrume |

" The mass absorption coeffici :?z (M) of vansdium xxéa‘r its
critical absorption edge is 445 g. « The thickness of
vanadium vequired for the stm&am 9/10 abzwrptitm of the Ky
line 1s given by the sbsorption equation.

, ~ A = Qbuw Q-tﬂ-l"‘“'\x‘.“
(15} &.g;h'[ a =AM X 1-1"1, L,
The grams of vamim per unlt area necessary to affect 9/10
absorption may be obtained from the relation

‘16) , 'TVW, 3. .._6-. To
A&NL% T

vhere {A) is unit area.

Equlpment

The high woltage supply wag adapted from & Westinghouss
#67438 transformer. It provided full wava rectification and
a peak voitage of 50 K.V & circult disgram of the transformer

1s given on page #a4, 12



| The control unit was adapted from a Westinghouse Dynex
‘B control unite The eireult dlagram given on page #251s self
explanatorye« It should be noted that every control the
 pperator touches mgmmm To improvs the clarity of the
eircult djagram, the ground leads aré omitted.
' The diffrection tube (x~ray) was designed in this

laboratorys It is & hot vathede, continmuously pumped,
| “demountable x-ray tube. |
‘ The original design of the diffraction tube was altered
many times before & functional tube was developed. The tube,
as it stands.today, will operate over long periods of time
with & current of 9’ nilli-amps at 30 K.V

The metal part of the tube wes constructed from & brass
tube 2 mmsmﬁmmmr and 4 inches Mng{ It conslstas of
8 water cooled tarpet and a beryllium window }mmﬁaa in the
well of the tube: The target 1s essentlally & thin brase plate,
(1 mm, in thickness) plated with 20/1000 in. of chromium.and
placed perpendicular to the axis of the tube, The beryllium
window 1g & circular plece of that metaly 10 mm, in dlamster
and 1.4 m, thick, mounted in the wall of the tube adjacent
to the chromium target, On page #uls 8 drawing of the tube.

The glass part of the dlffraction tube lg a tube 25 om.
long in which two electrodes are mounted. Yo evacuate the
tube there is a male commection situated at the bottomwhich
madss to & two stege diffusion pump and a fore pumde

At the outset, the filament (a'tungsten spiral 15 mm. long)
was placed 1 cm. from the targets The [llsment was enclosed

mlaw



in a8 cylindrical aluminum shleldy an aperture, the dimensions
of the fileamenty, was wcub ont of the top portion of the shleld,
Upon running the tube for a short times & deposition of mebal
wag noted on the glasg walls of tk:zé tubes A subsequent
analysis of the deposited metal yiemeﬁ 90% almmimm and 108
tungsten. The vapor pressure of aluminum, at high temperatures
‘and low pressuresy was too great to render alumimm a functional
metal for use &8s & a&iel&, Thls condlitlon was remédied by " |
replacing the alumimm shield with & nickel shields
| The problem of the deposition of tungsten remained. The
trouble was in the proximity of the filament to the target,
The _’Wprw pressure of tungsten at 2500°%C, is approximately
1(3*72’31@3&'021&« Tungsten, at the same temperaturey in & intense
electrie field {as in an xeray tube %ﬁgw & vapor pressure
mich greater than the expscted value., The nearness of the
#zmgatm filement to the target 1s the controlling factor.
A tungsten filament placed within 1 om. of the target has a
vapor pressure 10 {(approximately) times the expected value.
Placing the filament at greater dlstances from the target
decreases the vapor pressure of the tungsten. The reason for
this wmsual behavior of tungsten has not as yet been fully
explained in the Htéramrm The deposition of tungsten was,
for all prastical purposes, eliminated by placing the filament
2.2 cm. from the target. |

Since t;hew Innovations were madey the xeray tube operates
satisfactorily. |

ol b



. Cxiewt opthe
The, vacuum of the x-ray m’ba systen was. ab{:aima from

a calibrated mmocmpla gage that was mmmted in the systam

The filter was made of finely divided vanadium pentoxide
particles affixed to a thin plece of eellophanes The mass of
vanadium per unit area was determined by equation (16), To
determing the mass of vanadium pentoxide equivalent %o the

- determined mass of vanadium, the value obtained from (16) was
: "multipliad by the ratic of the molscular %ighm of Va% and V,

ﬁ.‘@‘, :%vez &
2V

The Debye~Scherrer camera used for recording the diffraction
mwém has been discussed in a pi'wims section, |

Paotographs of the camers, diffractlen imba,‘ and control
wnlb are 5h.page # 27 ! .

Procedure

The diffraction tube was degassed as much as possible and
evacuated to & pressure of the magnitude of mMBmiarm«

The sample was mixed with collodien and molded into the
shape of & right circular cylinder with a dlameter of 1 mm. The
sample was placed coaxial with the Dabw«ﬁcherrw camaray leGey
In the path traversed by the xeray ‘baam; »35' me Kodak nomgoreen

epaypafety film wm' nounted on the inner periphery of the

samera. The ¢amera was mounted so thab zeray beams emitted

8t & 6 degree angle {with respect to the plane of the target)

would be incident upon the sample. The target areay when

vimmd from 6 degrees, presents a nearly square sourceé. The

vanadium pentoxide filter wag then placed over the beryllium
] G



window,

High voltage was applied (30 K.V.) and the filement
current increased until enemlssion current of 9 ma. vas
attalned, The average exposure time was 6 hourd.

| The exposed film was ‘dwalﬁpm aecording tha' yx'waﬁuma
~outlined by the Kodak Co. for thelr developing solutions.

The Bragg anglesof the various lines of the diffraction
patterns woere determined with an appropriately adapted
traveling mieroscopas

)
Data

The Bragg angles of the various lines of the diffraction
patterng are listed wit tﬁam corresponding values M% « The
intensities of these 1inss were visually estimated. 4 value
¢f 10 was axbit;xsfrily assigned the most intense line in each
patterns |

3
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Anthranilie Acldtr 6 hour exposure at 50 X.V. and 9 ma,

Brage sngle imtansitf a/n
degrees # A?

*
- 7498 T 10,4

10,95 7.60
13,68 8.10
| 18.00 5457
16,13 5.20
1.z | 484
| 1808 4,81
|aeer 2 4,
| o0 4,05
sl o
3.64
342
2,95
286
‘zgve
2,72
2,57

‘ e
M B ® MO

¢
b
Q

;aiﬁﬁbgdi
| =28
| .80
11?51325
| s2.00
| sa.07
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Manganese derivatives 6 hour exposure at 30 K,V, and ¢ ma,

Brags angle Intensity 4/n

degrees # 2°
5420 9 15.8
9,90 2 8,47
14,08 2 8493
15,22 10 5,51
16.50 1 5.09
17.96 2 4,67
19,43 1 4,33
20,89 8 4,03
26,12 1 3427
28,30 1 3,04
28,78 1 2,99
32,40 2 2,06
33,70 2 2,60
385,00 1 2,51
36,02 1 2,45
38,32 1 2,33
43,28 1 2,00

B




e derivatives € hour exposure ab 30 K.V. and 9 ma,

Bragg snzle _ Intemsity a/n

degrees # A

5,10 8 16.3

9.70 2 8,53
13,64 1 6,10
14,82 10 5,63
15,38 8 5e43
17,44 2 4,82
19,51 2 4432
20440 8 4,13
26,42 1 5,24
£9,08 2 2,97
30,96 2 2481
32,55 2 2,67
53,10 2 2,64
34.48 1 2,54
35.54 2 2447
37,00 1 2,39
58,28 2 2,33
61,85 2 2,16
43,45 1 2,09

»19w




[P,

cbpper'ﬁarivativat 8 hour exposure at 30 K.V and ¢ ma,

Bragg angle Intensity a/n
degrees # A°
5,04 9 le.4
5430 7 15.8
9410 2 9,12
9.80 2 8,48
14,64 10 8471
15.26 7 B4
18,23 2 5,17
18,11 4 4.84
19,06 3 4,42
19.71 2 ‘da27
20,18 8 4,18
21,15 2 4,00
54,35 1 3450
26,06 3 3,28
26,81 2 3,20 °
28,11 4 3.08
50,18 3 2.87
32,26 2 2470
54,90 2 2,82
38.34 4 2,33
41,56 2 2,15
- B0
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Zine derivatives 6 howr exposure at 30 XK.V, and 9 ma,

Bragg angle Intensity a/n
degreea # Aé
5400 9 18,5
5,40 8 15.5
8,98 2 9.27
9.85 2 8,43
14,32 g 5.82
14,50 10 5,76
15,10 8 552
16,38 1 5.12
17,35 2 4,83
19.26 3 4,36
19,90 8 4.23
25,14 1 3440
26,25 1 3.26
28,63 1 3,00
30,17 1 2,97
30,70 2 2,92
32,30 3 2,70
44,30 1 2,08
w2lw




Hercury derivative: 4 hour exposure at 50 X.V. and 9 ma,

Bragg angle Intensity = d&/a

degrses # | F\d
4.28 9 19,7
10,75 10 7473
16,15 8 5.18
21,00 5 4,02
24,85 5 3,42
25,38 3 5.36
27,55 3 3,11
| 29.65 3 2491
30,30 2 2,85
31,00 2 2,80
53,75 4 2,69
35,78 3 2,46
57,09 2 2,35
41,13 3 2,19
41,87 2 2,16
49,25 2 1.91

-02e
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Lead derivatives 4 hour exposure at 30K.V. and 9 ma,

Bragg angls Intensity 4/n

degroes # . 4°
4.26 9 19,8
857 Y 9,89
10,70 10 7,77
16,10 8 8419
18,88 4 4,58
21,41 4 3,95
23,00 4 3,69
27,07 5 3,16
27,61 5 3,68
33,20 5 2,63
39,22 6 2,27
42,33 1 2,14
45,45 s 2402
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CIRCUIT DIAGRAM OF HIGH TENSION TRANSFORMER
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CIRCUIT DIAGRAM OF CONTROL UNIT
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Coneclusions

Each diffraction pattern fabi;mmd was unique although
the general dlstribution of lines was samevhat sinilar, On -
pagef N0 there are diminished, photographic reproductions
of the di:t‘fmz:tim patterns of seme of the mtalli«:: derive
atives of mthranilm a::ié. The aimﬁ.laxity' ;,m tha distribution
‘of the diffraction lines .‘mmm that the general structures
of these derivatlves are similar, |

The unique distribution of lines in each pattern aﬁ'ords
& positive mm of fdentifying each of these @ompcum@s. “

The plot of the Brage angm of the prominent diffraction
‘1ines against the atomic mmber shows & smooth eurvey which
enables cne o predict the ﬂmgg Mgiea of other substitutlons,
This plot 1g showm on paged 23

Ex'rwﬁ

The wlatiw a.ntensimeﬁ of the diffraction lines are
somevhat in errors Following the standard rractice, the line
3.:1?;@:1&11;&% were es'mmﬁed vimuy | :

. The passibla error in the Bragg angle {(due to thickness

 of the gampi!.e} yaries s the angle varies, The error is

. maximm at a Brage angle of 45 degrees and minimum at Bragg

- angles of Udegrees and 90 degrees, With the equirment used
in this projecty the estimated possible error at a Bragg angle
of :23 cmgmea is 0.07 degrees and at a Bragg angle of 12 degrees
45 0,04 degrees. |
In conclusion, I wish to fhark Dr, Me Elrath and Dr. Long

:l‘ar their interest and suggestions in this work.
..28.. . et
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