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PA3SPABOTKA AATYUKA ROYAL HFX
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B cTaTbe coobliaetcsa o paspaboTke gatumka AMP ans aaep 'H, °F, X. Mcnonb3oBaHa cxema
C NPUMEHEHNEM MArHUTHOWM CBS3W AN19 TMBKOro ynpaBieHns 3KCNEPUMEHTOM, KOraa Habsto-
[aeTcs 04HO U3 Tpex a4ep, a ABA APYIMX — pa3Bs3aHbl. YCTAHOB/IEHO, YTO peasiv3aums 3Tom
Cxembl B 06blMHOM gaTumke AMP obecnedmBaeT NpenMyLLLecTBa MO CPaBHEHMIO C MeTOA4AMM
E€MKOCTHOM CBS3W. LLIMpoKme cnekTpaibHbie BO3MOXHOCTM TAKOro A4aT4MKA MO3BOASIKOT UCCe-
J0BaTb CTPYKTYPY MOYTU BCEX TUMOB XMMMYECKMX BELLECTB, cogepxallmx sapa 'H n °F, yto
[enaeT ero AencTBUTENbHO YHMBEPCaAbHLIM CpeaCcTBOM AMP-CNeKTpoCKONnm.

MpenMyLecTBa UCMOb30BaHNSA MarHUTHOM CBA3M Mpwu
nposefeHnn akcnepumenTa ¢ 'H'FBC onuncaHbl 3eHCOM 1 Co-
asTopamu B [1]. B HacTosLLeN CTaTbe Mbl ONUCLIBAEM pacLUn-
peHue 3TOM CxeMbl NpW pa3paboTke NepBoOro WMpoKOnono-
CHOro Aatymka ans skcnepnumeHToB ¢ 'HIPFX.

OBLWNME NMOHATUA U TEOPUA

Kak ykasaHo B paborte [1], oCcHOBHOM KOHLEeNUMen aBnseTcs
MNCNos1b3oBaHMe I/IHLI,yI(TI/IBHOl7I CBA3M Anga pasgeneHns BbiCO-
KOYaCTOTHOrO pe3oHaHca KaTywku obpasya Ha ABe MOAbI,
COOTBETCTBYIOLWMNE HabnoaaeMslM YyacTotam ans 'H u °F
BbIZI0 YCTAHOB/IEHO, YTO MHAYKTUBHAA CBA3b NPeBOCXOAUT
E€MKOCTHYI0 CXeMy TMMa UCNONb30BaHHOM Xaase [2], Tak kak,
Korga uenb HAaxXO4AMTCA B MarHWTHO-pa3BsA3aHHOM COCTOS-
HUN, MWHUMaA/NlbHad eMKOCTb MnepeMeHHbIX NpuBOAUT K
HenpunemMmnemMmo BbICOKMM NOTepdaM. B MarHMTHO-CBA3aHHOM
peXXnme NHAYKTUBHbIE N eMKOCTHble CXeMbl MO CyuwecTBy
PaBHO3HA4YHDbI.

Mcnonb3yemas B HacToslen paboTe MHAYKTMBHASA cxema
npeaycMaTpmMBaeT A,Ba peXKMMa — CBA3aHHbI 1 pa3BA3aHHbIN,
KOTOpble MOKa3aHbl HA PUC.] KAK OPTOrOHAbHbLIE APYT APYTY.
[ns peannsaumm 3TOM CxeMbl pa3paboTaHbl ABe KaTYLUIKW.
[MepBas KaTyLwKa, aHanornyHas KkaTywke AngepmMmaHa un rpaH-
Ta [3], cnyxuT ana HabnoaeHns 3a 06pasuoM U o6Hapyke-
HMA pe3oHaHca CNMHOB, TO ecTb 'H 1 1°F. BTopas kaTylka —
BCMOMOraTeibHas UM X0NocTas — CIYXUT A1 COeAUNHEHUS
C KaTywkon obpasua 1 pasgensieT 0CHOBHY KapTUHY pe3o-
HaHCa Ha ABe MOAbl, Pe30HMpPYs MoCepeanHe Mexay YacToTa-
MU °F 1 H. B CBA3QHHOM pexXmnme MarHUTHbIe NOS BCMOMO-
raTenbHOW KaTyLWKK M KaTyLwWwKM 06pasLa B3aMMoLenCTBYHOT,
co3faBas ABe MoAbl. [0I0XeHWe UX NUKOB 3aBUCUT OT yria
NoOBOPOTa BCMOMOraTe/IbHOW KaTyLWKW, BAUSIOWErO Ha 3Ha-
YyeHuMe napameTpa k, KOTOpbIN xapakTepusyeT B3aUMOAENCT-
BME MeX Ay ABYMS KaTywkamum (puc.3).

Ha puc.2 obe KaTywKkn nokasaHbl B HEMOCPeACTBEHHON
61130CTN Apyr oT Apyra. KpacHas cTpenka ykasblBaeT Ha-

CBA3aHHbIN PeXUM

Pa3Bs3aHHbIN PeXXnM

Puc.1. Cxemamuueckoe npedcmasneHue 08yx 0pmozoHAAbHbIX
pe>xumos MazHUmMHo-ces13aHH020 KoHmypa H/F

DOI: 10.22184/2227-572X.2018.39.2.76.81

KaTywka obpasua

e

BcnomoratenbHas
KaTyLKa

Puc.2. BcnomozameAbHas Kamywika u kamyuika o6pasua

76

www.j-analytics.ru



Qiamimuxa 12010

Pa3BsA3aHHbIN PEXMM

5(1,1)5(2,2)
>

482,5Mrl'y
—40,26 b

-50 ,
435 485 535
YacrtoTa, My

CBSA3aHHbIN PeXUM

S(1,1)S(2,2)
3

470,3MTI'y
—24,26 nb

500,1 MI'y,
—25,36 ab

-50 ,
435 485 535
YacrtoTa, MIy,

Puc.3. Bzaumodelicmeue 8cnomozamenbHOlU Kamywku u kamywku 0bpasua

npasaeHMe NOBOpPOTa BCMOMOraTe/ibHOM KaTywKwn gnsa nepe-
Xoga Mexkay CBA3aHHbIM N pa3BA3aHHbIM peXXnMaMu.

MPAKTUYECKUE ACMNEKTbI HABJTIOAEHUSA 'H U 9F

Ha puc.4 nokasaHa 3aBUCMMOCTb MexXAy BCMOMOraTe/sib-
HOM 4acTOTOM M KOIQDUUMEHTOM 3aAMOJTHEHUSA CXEMDbI
(CFF) [4]. Ko3ddMUMEHT 3an0NIHEHMA CXEMbl ABNAETCSH
Mepon ee 3PpGEKTUBHOCTU U HE 3aBUCUT OT JO06POTHOCTMH
n ko3ddunumeHTa 3anonHeHns obpasua AN 3a[aAHHOMO
pexunuma gatiymka. Npu 3ToM MOXHO U3MeHATb 3G deKTUB-
HOCTb CBSI3aHHOIO peXunmMa B NoJb3y O4HOI0 U3 PEXUMOB
WAM OfHOro 13 agep. B T7abn.l nokasaHbl 3HAYEHUS ANU-
TeNbHOCTM 90-rpalycHOro MMnynbca PW(90) 1 MOLWHOCTH
Ana HFX-30H4Q B pa3BA3aHHOM W CBA3aHHOM peXMMax.
MpeAcTaB/ieHHble AaHHbIE YKA3bIBAOT HA TO, YTO BCMOMO-
ratesibHas 4acTtoTa CXembl Bblsla HACTpOeHa Tak, YTO6bLI
nokasaTtenu '°F npesblllany nokasatenu 'H. Ana cega3aH-
HOTO peXXnmmMa Mbl XOTe/IM COXPAHUTb MEHbLUME 3HAYEHMUS
90-rpagycHoro mmnynbca PW(90) ans 1°F, 4To6bl UMeTH
BO3MOXHOCTb 3QdeKTUBHO HabntoaaTb 60bLy0 061acTb
XUMUNYECKOro CABUTa 3TUX Aep.

YT1o6bl YCTAHOBUTL ONTUMAasbHbIe 3HaveHus PW(90), non-
XKEH BblN BbITb pa3paboTaH MexaHWM3M W3MepeHUs BCMOMO-
raTte/lbHOM 4acToTbl B AAT4YMKE. 3Ha4yeHue BCrOoMOraTeslbHOM
4acToThbl B AATYMKE OT/IMYAETCA OT ee Be/NYMHbI BHE JaTymKa
M3-32 HAIMYMA METANIMYECKNX O6EKTOB, TAKMX Kak 3KpaH da-
pages v ap. Mo Tou e Npu4MHe BCNoMoraTtesibHas 4acToTa 3a-
BMCUT OT OpMeHTaummn o61actm obpasua.

Ha puc.5 nokasaH rpaduk STl BbICOKOYACTOTHOrO KaHana,
KOrAa AaTymk paboTaeT B CBA3AHHOM pexkume. O6paTUTe BHU-
MaHue, 4TO KOrAa Pe30HAHC KaTyLLIKX 06pa3sLa HacTpanBaeTcs
Ha 60/1ee BbICOKYIO YACTOTY, aMMIMTYAA HUXKHEro pe3oHaHca
YMEHbLLIAETCA M MepeMeLLAeTCo K LeHTpY rpadmka. HacTponka
KaTywKM 06pasLia Ha eLie 60/1ee BbICOKYHO HacTOTy NPUBOANT K
aHANOTMYHOMY ABNIEHMIO C 60/1€€ HU3KMM pPe30HAHCOM, KOTO-
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Puc.4. 3asucumocmb K8adpamHo20 KOpHS Ko3pduuueHma
3aN0AHEHUS CXeMbl 0mM 8cnomozameAnbHol yacmomsl. Obpamume
BHUMAHUeE, Ymo KoIppuLUeHm 3anoAHeHUs No8billdemcsl 0As
onpedeneHHbIX s10ep No Mepe Mozo, Kak yeeauyusdaemcs: pasHuua
8CNOM02admMeAbHOL YaCcmombl U Yacmombl HAbAOeHUS!
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Puc.5. Tpaguku 3agucumocmu S11 om yacmombl KAmMywKuU 06pasua e casi3aaHHom pexkume. [1pu 6oaee 8biCOKOL Yacmome pe3oHaHca
Kamywku obpasua amnaumyoa Ae8020 pe30HAHCa Ha 2pa@ukax ymeHbwaemcs. [pu nepexode Ha 6CNOMO2ameAbHy Yacmomy 3ma
amnaumyod pasHa Hyato. Tpaduku no3eoAsitom onpedeaumb 6CNOMO2AMeAbHYH YaCmOomy 8 C8SI3aHHOM pexkume

Pbil CABUraeTcs ellle 6mxKe K LeHTpY rpadmka C yMeHbLLeHUEM
amnanTyabsl (prc.56 v 5B). PaBHas Hy/l0 aMnaMTyaa COOTBET-
CTBYET BCMOMOraTe/IbHOM 4acToTe, KOrAa BCMOMOraTe/ibHas
KaTywka 6onblue He B3aMMOAENCTBYET C KATYLIKOM obpasua
[5]. Mcnonb3ys 3TOT MeTOA U3MEPEHMS, Mbl MOXKEM OMNpeaenTb
Heo6X0AMMYIO YaCTOTY BCMIOMOraTe/IbHOM KaTyLLKN B AaT4YMKe.
Kak 6b1/10 OTMEYEHO BbILLE, 06bIMHO Mbl YCTAHAB/IMBAEM 3HaYe-
HMEe 3TON YaCTOTbl HECKOJbKO BblLLE, YTO6bI ONTUMM3MPOBATD
AnnHy 90-rpafycHoro nmnynbca PW(90) s PF no OTHOLLIEHMIO
K PW (90) ans 'H B cBA3aHHOM pexuMe.

Ha puc.6 nokasaHbl AeTanu BCMOMOraTeslbHOM KaTyLiky,
CKOHCTPYMPOBaHHOM Ha 6a3e MeAHOro KOHTYpa, KOTOPbIA He
KOMMEHCUPYETCA MO YyBCTBUTENIbHOCTM. BbIIO YCTAHOB/IEHO,
4TO Takas KaTywKa He BAWSET Ha IMHENHYIO opMy CrekTpa
narumka. ®opma candumpoBoro ymna koHaeHcaTopa [6] 6bina

MOAMOULMPOBAHA MYTEM MEXaHNYeCKOM WANdOBKK, YTOOLI OH
yMeLLancsa B A4aT4MKe B MPOCTPAHCTBO MeXay KaTyLuKon obpas-
ua v akpaHom dapages. OTMETUM, YTO MOANOULIMPOBAHHbIN
YMn NpMNasiH K MUKpOCXeme C MOMOLLbIO BbIPaBHMBAIOLLETO
npucnocobaeHns (He NokasaHo Ha puc.6).

TECTUPOBAHUE N3PDPEKTUBHOCTb

M3HayanbHO Lenblo npoekTa 6bino co3pgaHve CTaHAAPTHOro
ycTporctea AMP, koTopoe 6bl 6e3 CHUXEeHUs CKOpOoCTU obec-
ne4ymeano patumky JEOL ROYAL [OMONHUTENbHYIO BO3MOX-
HOCTb OfIHOBpEMeHHOW pa3Basku 'H 1 °F. B Tabn1.2 npuBeaeHbl
OaHHbIe, MOMyYeHHble A8 TaKOro AaTymka. okasaTesbHo,
4YTO fLO6aBNEHME BCMIOMOraTeIbHOM KATYLIKN HE YXYALUMIO0 HU
OAVH U3 NapameTpoB MPOM3BOAUTENIbHOCTM AaTymka. [onos-
HUTENbHO NOTPeboBasoCh NPOBECTM TOMLKO TeCTUPOBaHWe

Puc.6. [lemanu KOHCMpyKUUU 8CcnomozameAbHOU Kamyuwku.
LWupuHa canguposozo uyuna ymeHblWaemcs nymem
MexaHuyeckoli 06pabomku. [MocAe 3mozo Yun (8 ueHmpe cnpasa)
npunauedemcsl K Kamylwke € NOMOLWbH 8blpa8HUBAIOULEZ0
npucnocobaeHus

Puc.7. Cymmamop-deaumens ¢ pazesizkoli 90 0b mexoy
KaHanamu 1°F u 1H
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Puc.8. Cnexmp damyuka ROYAL HFX

CBA3AHHOMO pexknma paboTbl. Ansa paseasku 'H/°F 66110 Heo6-
XOAMMO UCMbITaHME C MOMOLLbK CYyMMATOpa-Ae/inTens, YTobbl
rapaHTMpOoBaTb, YTO LIYM OT pa3ssasky B 'H nnun °F He nonapaeT
B Apyron kaHan (puc.7). Ha puc.8 nokasaHa nnHerHaa opma
cnekTpa Aatyvka npu aHanmse ofHonpoueHTHoro CHC;, uTo
BaXKHO A1 06bl4HbIX 2D-3KCNEPUMEHTOB, KOTOPbIE MO3BONAET
NpOBOANTbL 3TOT AATUMK.

NMPUNNOXEHWUA
Prc.9 HarnaaHO LEMOHCTPUPYET BO3MOXHOCTbL pa3BA3KU
partymika ROYAL HFX. LUnpunHa nonocbl paseaskuy 64 Ky, 060-

Tabauua 1. MowHocmb u daumeapbHocmp 90-2padycHoz0
umnynbca PW(90) damuuka ROYAL HFX

HabntopeHve H LE

N3mepeHune PW(90) PW(90)
Pa3Bs3aHHbIN peXNM 7,01 MKC 8,67 MKC
CBS3aHHbIN pEXUM 1,17 MKC 9,84 MKC

Tabauua 2. boicmpodelicmaue dam4uxka ROYAL HFX

P60,

'H pa3BsA3aHHbIN 6,6 893
"H cBSA3aHHbIN 9,8 552
9F pa3BsA3aHHbIN 77 845
9F cBA3aHHbIN 9,4 666
31 o

" g
BCASTM 12 291
>N, popmammg 24 43

3Ha4yeHHas C NOMOLbO aamabaTmyeckom pas3Ba3kM, AOCTa-
TouyHa Ans Bcex aaep °F B 3TOM CNOXKHOW Monekyne. YBenum-
YATb LWNPUHY MNOSOChI NMO3BONSET KOHCO/bHbLINA CEeKBEHCOpP

19F—136 ppm, 64 kl'y, npn 470 MTy,
< >
-80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220
M, | Sl T o o
1H {19|:} U 19F{1H}
T T T T T T T T T T T T T
4,8 4,7 4,6 4,5 -211,0 -211,2 -211,4 -211,6 -211,8

Puc.9. Bo3moxxHocmb passsizku damyuka ROYAL HFEX nokasaHa Ha npumepe monekyanl 1,1, 2, 3, 3, 3-2zekcagpmopnponuasmunogo2o 3¢upa.
Ymobbl omdeaumb °F om 1H, ucnoabyemcst mpaduyUuoHHas pasesska ¢ aduabamuueckoli nocaedosamenbHOCMbto. [pu Heobxodumocmu
MOXKHO pacluupump ouandasoH pazesi3ku ¢ NOMOoLUbi KOHCOAbHO20 cekseHcopa JEOL JNM-ECZ500R
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cobpaHHbIv Ha JEOL JNM-ECZ500R
C AONONHNUTENbHLIM TPeTbIM KaHanom HF2 °F
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Puc.10. Mpu npogedeHuu 3kcnepumeHmos H/F caedyem y4umbieams yposeHb WyMad 8 cnekmpax npu pasgsske. Cnekmpabl 3P u 13C
NoKa3bI8AkOM, YMo Ypo8eHb LWymMa 0Cmaemcsi NOCMOSHHbIM Npu nepexode 0m pexxuma 6e3 pazes3ku K NoAHOU pa3es3ke 00H08peMeHHO

ong 1H u 19F

JNM-ECZ500R. Ha pnc.10 nokasaHo, 470 ypOBeHb LWymMa as
anep 3'P n C He yBeMYMBAETCA NPU BKJTIOYEHUM KaHaNOB
pasBsa3KM cnekTpomeTpa. Ha pucll npeacTaBneHa apoma-
TuUyeckaa obnacTb nNpu HabnwgeHun agep BC B cnekTpe
BOpPMKOHa3oa. MNpu ogHoBpeMeHHOM passaske 'H/1PF cnekTp
3aMeTHO YMNpoLWaeTcs, No3BoNAS OnNpeaennTb CTPYKTYpY.
Ha pnc.12 geMOHCTpUpPyeTCs BO3MOXHOCTbL reTeposiiepHoOn
MHOTOCBAI3HON KOpPpensaumMoHHon cnekTpockonumn (HMBC)
C pa3BA3Kom '°F 1 6e3 TakoBow Npu HabnaeHnn °N.

BbiBO/bl

HoBbIn gatumk ROYAL HFX BnepBble o6ecrnedynBaeT rubkocTb
akcnepumenTa B IMP-cnekTpockonun. Hukoraa ete He 66110
BO3MOXXHO NMPOBOAUTL TAKOE YNC/I0 NCC/IEL0BAHMI C MOMOLLbIO
opgHoro AMP-gatymka. NMpocTtoTa UCMO/Ib30BaHUSA U BbICOKAs
YyBCTBUTENIbHOCTb AATYMKA 0becneyaT XMMUKaM yayyLleHHble
BO3MOXHOCTW aHanm3a CTPyKTypbl. HacToAWMM NpopbIBOM
CTasno NCMo/b30BaHNE MAarHUTHOW CBSI3M 419 AOCTUKEHWUS 3TUX
BO3MOXHOCTen. bonee 30 neT pa3paboTymKam He yaaBanoch
€034aTb AATYMK, KOTOPbLIN 06nafaeT Takon rmbkoCTbio. Tenepb

C MOMOLLI0 HOBOTO AATHMKA XMMWKM MOTYT BbICTPO onpefe-
NATb CTPYKTYPY MOSIEKYA C sapamu oT 3'P 1o N.
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Puc.12. Jamyuk ROYAL HFX no3goAnsiem 8binoAHsIMb HE0bbIYHble CAOXKHbIe IKCnepuMeHmel. Hanpuamep, npu npumeHeHuu 2emeposioepHoll
MHO20C8S13HOUI KOpPeASUUOHHOU CnekmpoCcKonUU MOXKHO UCcAedo8ams cmpykmypy 8 pexxumax *H-L>N HMBC u tH-L>N HMBC {1°F}
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ANALYSIS AND CONTROL: TECHNOLOGIES, INSTRUMENTATION, SOLUTIONS

DEVELOPMENT OF ROYAL HFX PROBE

A.Zens, R.Crouch, T.Bergeron, M.Frey, JEOL USA Inc.
T.Miyamoto, A.Nomura, Y.Horino, T.Nishida, JEOL RESONANCE Inc.

We report in this article the development of a 'H,"°F, X NMR probe. Here we use circuitry
that uses magnetic coupling to do on demand experiments where one of the three nuclei is
observed and the other two are decoupled. The implementation of this circuitryin aroutine
NMR probe was found to be superior to capacitive coupling methods. The full broadband
capability of this probe allows for the structure elucidation of nearly all types of chemical
species that contain 'H and '°F nuclei and hence is a truly versatile and routine NMR probe.

The advantages of using magnetic coupling to do 'H'?F3C
experiment are described by Zens et. al. [1]. In this paper
we describe how this circuitry was extended to include
TH9FX experiments in the development of the first 'H, 1°F, X
broadband probe.

GENERAL CONCEPTS AND THEORY
As described in [1], the basic concept is to use inductive
coupling to split the high frequency sample coil resonance
into two modes corresponding to the observe frequency
for 'TH and '°F. Inductive coupling was found to be
superior to a circuit similar to the Haase circuit because
the minimum capacitance of the variables in this circuit
results in unacceptable losses when the circuit is in the
uncoupled mode [2]. The inductive and capacitive circuits
are essentially equivalent in the coupled mode.
Theinductive circuit used here can be described pictorially
as shown in Fig.]l, the two distinct modes, coupled and

Coupled-0On

Uncoupled - Off

]

Fig.1. Pictorial view of the two orthogonal modes of the magneti-
cally coupled H/F circuit

DOI: 10.22184/2227-572X.2018.39.2.124.129

uncoupled, are shown as being orthogonal to each other. To
implement this circuit we have constructed two coils. The
first coil is similar to an Alderman — Grant coil [3]. It serves
as the sample observe coil and detects the resonance of
the spins, i.e. 'TH and °F. The second coil is what we call the
idler coil. This coil is used solely to couple to the sample coil
and split the fundamental resonance into two modes. To
accomplish this idler coil is resonated half way between the
9F and 'H resonances. In the coupled mode the magnetic axis
of the idler coil overlaps with the magnetic axis of the sample
coil creating two modes. The degree of separation of the
two peaks depends on the degree of rotation of the idler coil
which can increase or decrease the k value, the amount of
coupling between the two coils. Fig.3 shows this interaction.

Fig.2 shows the sample coil and idler in close proximity
to each other. The red arrow shows that we can rotate
the idler coil in a manner that couples and decouples the
interaction between the two coils.

Sample Coil

e

Idler Coil

\

Fig.2. Sample coil and idler coil in close proximity
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Fig.3. Idler coil interaction with the sample coil

PRACTICAL ASPECTS OF OBSERVING AND '"H AND °F
Fig.4 illustrates the relationship between the idler
frequency and the circuit fill factor (CFF) [4]. The circuit
fill factor is a measure of the circuit efficiency and is
independent of the Q and sample fill factor for a given
mode in the probe. Here one can adjust the efficiency
of the coupled mode to favor one mode or nuclei over
the other. Table 1 shows the PW(90) values and powers
for the HFX probe in both the decoupled and coupled
modes. The data here clearly indicates that the idler
frequency of the circuit was set to favor '°F performance
over 1H performance. For the coupled mode we wanted
to keep the PW(90) values shorter for '°F so as to be able
to efficiently observe the larger chemical shift region
of °F.

Inorderfortheidlerfrequencytobesetsuchthat PW(90)
values can be adjusted for optimal usage a mechanism to
measure theidler frequency in the probe had to be devised.
The idler frequency in the probe is different than when it is
outside the probe due to the presence of metallic objects
like the Faraday screen etc. We have also noted that the
idler frequency is dependent on its orientation the sample
region for the same reason.

Fig.5 shows the S11 plot of the high frequency channel
when the probe is in the coupled mode (Fig.5a). Note
here that when the sample coil resonance is tuned to a
higher frequency the amplitude of the lower resonance
decrease and also moves towards the center of the plot.

ANALYSIS AND CONTROL: TECHNOLOGIES, INSTRUMENTATION, SOLUTIONS
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Tuning the sample coil to yet a higher frequency results in
a similar action with the lower resonance moving further
towards the center of the plot and the amplitude moving
lower, Fig.5b and Fig.5c. Here when the amplitude goes
to zero this is the idler frequency because the idler is no
longer interacting with the sample coil [5]. Using this
measurement method we can determine the frequency
that the idler coil needs to be set at on the bench in order
for it to have the correct frequency when it is in the probe.

— I1HCurve — FCurve

ot =
(o] o
!

©
[}
L

Fill Factor

0.4+

0.2

0.0 T T T T T T
470 474 478 483 487 491 496 500

Idler Frequency, MHz

Fig.4. The square root of the circuit fill factor versus the idler fre-
quency. Note that the fill factor improves for a particular nucleus
the further the idler frequency is away from its observe frequency
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Fig.5. Plots of coupled mode S11 amplitude versus sample coil tune frequency. Note here that the amplitude is decreasing for the left res-
onance in the plots as the sample coil frequency is moved to a higher frequency. When the left most resonance goes to zero amplitude it
will be at the idler frequency. This plot allows us to determine the idler frequency in the coupled mode

As stated earlier we usually set this frequency slightly
higher so as to optimize the °F PW(90) over that of the 'H
PW(90) in the coupled mode.

Fig.6 shows the components used in the construction
of the idler coil. Here the idler coil is constructed from a
single copper loop that is not compensated in terms of
susceptibility. The nonspin line-shape of the probe was
found not to be impacted by the presence of this coil. The
sapphire chip capacitor [6] shape was modified by the use
of a rotary grinding tool so that it could fit in the available
spaceinthe probe between the sample coil and the Faraday
shield. Note here that the modified chip is soldered to the
chip using an alignment fixture (not shown).

Fig.6. Components used for idler coil construction. Note here that
the sapphire chip is modified with a grinding tool to a smaller
width. This chip (right of center) is then soldered to the single turn
coil using an alignment fixture

TESTING AND PERFORMANCE

From the outset the goal of thisHFX development project was
to produce a routine NMR that had the same performance
at the JEOL ROYAL Probe but with the additional capability
of simultaneous 'H and 'F decoupling. Table 2 shows the
data accumulated for this probe. What is remarkable here
is that none of the routine performance numbers have been
impacted by the addition of the idler coil. The only additional
test required for the probe are those related to the coupled
mode of operation. For 'H/F decoupling, test with the
diplexer combiner are needed to insure that noise from the
decoupling in either 'H or °F doesn't leak into the other
channel. See Fig.7. Fig.8 shows the nonspin line-shape for the

Fig.7. Diplexer combiner with 90 dB of isolation between the 1°F
and 1H channels
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Table 1. Power and PW(90) data for ROYAL HFX probe

500 MHz non spin
50/0.55/0.11% = 0.33/4.75/8.00 Hz m 325W 325W

Observe H LE
Measurement PW(90) PW(90)
Uncoupled 7.01 s 8.67 us
Coupled 1.7 ps 9.84 ps
190 100 80 60 40 20 0 20 -40 -60 -80 -100-120 Table 2. ROYAL HFX probe performance data
X : hertz : Proton pw(go)' Hs S/N
. . 'H Uncoupled 6.6 893
Fig.8. Non-spin line-shape spectrum for ROYAL HFX probe up
'H Coupled 9.8 552
9F Uncoupled 77 845
probe on 1% CHCl;. This is important to emphasize for the
routine 2D experiments that this probe enables. "°F Coupled 9.4 666
SpTPP 15 156
APPLICATIONS DATA e AET - S
Fig.9 clearly shows the decoupling capability of the ROYAL
HFX probe. The 64 kHz of decoupling bandwidth indicated >N Formamide 24 43

using adiabatic decoupling is sufficient to decouple all the °F

nuclei in this challenging molecule. Additional band width can

be achieved by using the JNM-ECZ500R console sequencer. In spectra of Voriconozole. With simultaneous 'H/"F decoupling
Fig.10 we show that the noise floor for 3'P and *C observe nuclei the spectrum is clearly simplified allowing for structure
is not increased as we turn on the decoupler channels of the verification. In Fig.]2 we demonstrate the ability to acquire
spectrometer. Fig.ll shows the aromatic region BC observe HMBC with and without '°F decoupling while observing N.

9F-136 ppm, 64 kHz at 470 MHz

i
<

L

Y

-8 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220

YU S N [T

1H {19|:} JL U\/\,\/\ 19F{1H}

T T T T T T T T T
4.8 4.7 4.6 4.5 -211.0 -211.2 -211.4 -211.6 -211.8

Fig.9. Here we are emphasizing the decoupling capability of the new ROYAL HFX Probe. The 1,1,2,3,3,3-Hexafluoropropyl ethyl ether
molecule offers a decoupling challenge for 1°F. Here we use a conventional decoupling adiabatic sequence to decouple 1°F from 1H. How-
ever, if needed we can extend this decoupling range by using the sequencer capabilities of the JEOL JNM-ECZ500R console
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31p 13C
X3 X3

31P{1H} 13c{1H}
x3

31p{19F} 1sc{19|:}
X3

31P{1H,19F}

13C{1H,19F}

128 scans

10 mg, Decafluorotriphenyl Phosphine / CDCl,
collected on a JEOL JNM-ECZ500R
with optional HF2 *°F 3 channel

256 scans

Fig.10. One of the important things to watch for in doing H/F experiments is the noise level in the spectra while decoupling. In these 3P
and 13C observe spectra you can see that the noise floor remains constant while going from no decoupling (noise floor X3) to full decou-

pling with *H and °F simultaneously

CONCLUSION

The new ROYAL HFX Probe provides on demand capability
which is a first in NMR. Never before have so many
experiments been available in one NMR probe. The ease of
use and sensitivity of the probe will allow chemist greater
structure elucidation capabilities in a convenient and easy
to use format. The use of magnetic coupling to achieve
this capability was a breakthrough. For more than 30 years
probe builders have struggled to build a probe that has this
on demand capability. Now with this new capability chemist
can quickly determine the structure of a much wider list of
molecules that extends from 3'P to >N observe nuclei.
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Fig.11. The ability to simultaneously decouple both 'H and 1°F as a structure elucidation tool is exemplified by these spectra of
Voriconazole
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Fig.12. The ROYAL HFX probe has the ability to do unusual complex experiments on demand. Here we show the HMBC plots for 1H-15N
HMBC and *H-1>N HMBC{L°F} further illustrating the structural elucidation capability of the ROYAL HFX Probe
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